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Expansion of University Education 


T he appointment of a University Com- 
mission consisting of eminent educa- 
tionists from India and abroad “ to 
inquire into, and report on, the condi- 
tions and prospects of university education 
and advanced research in India, and to 
recommend a constructive policy in relation 
to the problems they present and the needs 
of the country ”, meets an important 
national need. It is more than three decades 
ago that a University Commission ( The 
Sadler Commission, 1917) held an inquiry 
into university and higher education in India, 
and the vast changes that have taken place 
since then adds urgency to the detailed 
examination of the whole field of higher 
education and research in the countr\'. The 
preamble to the Government resolution on 
the appointment of the Commission stresses 
the need in the following words : 

” The importance of primary and secon- 
dary education in a democracy is obvious. 
Their quality, however, depends in the 
ultimate analysis on the quality of educa- 
tional leaders, and these can be produced 
o^ily by a suitable system of higher and 
university education. Provision of ex- 
tended facilities for higher education is, 
therefore, necessary for the satisfactory 
functioning of a democracy. A vast 
change has taken place in the country with 
the achievement of independence. New 
vistas have opened which netjessitate a 
survey of education at all stages. The 
interests of the country require vast 
programmes of expansion in agriculture, 
industry and commerce, which, however, 
can be carried out only if a suflficient 
number of highly trained executives and 
artisans, craftsmen and filled labour of 
all grades and types ^a^vailable. The 
problems of defence cannot be satisfactorily 
solved withou| the existence, within the 
country, of all facilities for technological 


and scientific studies of the highest order. 
Extension of the boundaries of knovvledge 
and research is also essential if we ire to 
improve the (quality of education w ich is 
now available to us.” 

The 16-page questionnaire issued b\' tl\{.e,. 
Commission covers 26 different aspects of 
education and seeks infornicition on such 
topics as : structure, jurisdiction and ad- 
ministration ; admission to courses ; medium 
of instruction ; conditions of service of 
teachers ; libraries, laboratories and mu- 
seums ; extra-curricular activities ; healtli 
and physical education ; finances ; inter- 
university relations and attitude to organi- 
zations like the U.X.O. and the UNESCO. 
The composition of the Commission presided 
over by the distinguislied Indian educa- 
tionist and philosopher, Dr. S. l^adhakrishnan, 
compels confidence, and the very thorough 
inquiry initiated by the Commission under 
its comprehensive terms of reference may b^ 
expected to leiid to results of lasting benefit 
to higher education in India. 

Inquiry Should Precede Expansion 

There has been lately a per.sistent ajfd 
unanimous demand for the expansion of 
university education in India. It has been 
pointed out that the total demand for gra- 
duates called for by the Scientific Manpower 
C'ommittee', and tliose recpiired by the ex- 
panding administrative and social i?tTviccs, 
cannot be adequately met by the present 
output of graduates from universities, and 
that an expansion in the facilities for teach- 
ing and research is essential. A quantitative 
assessment of the demand for graduates 
is not available, and this renders difficult 
the^determination of the extent and direction 
of expansion. The real obstacles to any 
expansion, however, are the material and 
manpower shortages, and these shortages 
preclude any great increase in the output of 
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graduates, at any rate, in the immediate 
future. The problem of expansion, moreover, 
needs a good deal of critical thinking as 
regards both the purpose and content of 
university education, and the pause neces- 
sitated by the material shortages need not 
be a serious disadvantage, if the opportunity 
is utilized for investigation, experiment and 
discussion of the issues involved. The prob- 
lem should be examined with vision without 
which '' education may settle down to un- 
creative mediocrity”. The temptation to 
resort to ad hoc expedients to increase the 
number of graduates will have to be resisted 
in favour of a properly conceived plan of 
expansion deliberately formulated as a 
result of fundamental and creative thinking. 

Fundamental Objectives Must Be Fostered 

^ The recognition of the important role, 
which science plays in the promotion of 
national welfare, has led to a scrutiny of the 
extent of attention accorded to science in 
university education. This is to be wel- 
comed. But the view, which seems to be 
\fidely prevalent, that universities should be 
expanded to enable them to provide the 
trained personnel required for putting into 
operation ” the vast programmes in agri- 
culture, industry and commerce ” needs 
critical examination. This view will have to 
be considered in relation to such questions 
as the task of universities in technology, 
balance of subjects in the faculties, basis for 
the selection of students and academic 
standards, and the all-important question 
of the freedom of universities to formulate 
their policies and programmes in accordance 
with their fundamental aims and objects. 

“ The modern doctrine that the primary 
ftyiction of a university is the supply of 
experts in the spheres of science, business, 
administration and social services, can be- 
come both dangerous and heretical — ”, 
writes Dr. J. Mackay-Mure in Natme ( 1947, 
March 22, p. 392 ), ” not because it advocates 
any single thing which ought not to be done, 
but because it represents an idea of a univer- 
sity which is out of focus. It pushes into 
the background that conception of it as a 
centre of cultural life and cultural progress, 
which makes freedom not merely desirable 
but a first essential. Without freedom such 
a centre ceases to be a university, a com- 
mututy of schbiars within which every man 
may apeti his ntind to a total engagement 
in the strifggle for truth. . . The main- 
tenane^ of this freedom has today acquired 


a new significance. As tlie State system of 
education is reformed and developed, there 
is the assurance of that technical and voca- 
tional training on which the efficiency of the 
community depends. But the quality of 
the community depends primarily on its 
standards and its ideals, on the defence and 
promotion of fundamental values in life and 
progress. Although standards and values 
are by no means the monopol}’ of those who 
are brought into association with the life of 
a university, it is doubtful whether they can 
be maintained if the true idea of a university 
is allowed to decay.” “It is not ”, says 
Plato, “ the life of knowledge, not even if it 
includes all the sciences, that creates hap- 
piness and well-being, but a single branch of 
knowledge — tlie science of good and evil 
. . . Science, economics and sociology provide 
the frames of contemporary society and 
satisfy its material needs, but unless we have 
the knowledge of good and evil, their use and 
excellence will be found to have failed us.” 

It is our conviction that once the condi- 
tions propitious to the furtherance of the 
fundamental objectives of university educa- 
tion cire provided and secured, the univer- 
sities would be enabled to exert their bene- 
ficial influence on society and contribute 
their due share to the })rogress of the nation 
and to the elevation of contemj)orary civiliza- 
tion. The first responsibility of a university, 
not only for its own sake, but for the sake of 
the community, is to de a university. It 
should, in Miss D. M. Emmett's words, be a 
place where criticism and evaluation of ideas 
is continually carried forward, where “ non- 
sense ” can be exposed for what it is, and 
where “ intellectual virtues ” of sincerity of 
mind are being fostered and transmitted. It 
should inculcate a sense of values and tlie 
power to distinguish what is first rate from 
what is not. If this sense of values is incul- 
cated and propagated, a proper solution for 
the many complex problems confronting 
society would become possible. 

Universities & the State 

The role of the universitiei^ is primarily to 
impart a liberal education and to instil high 
ideals of citizenship in the minds of the 
members of the younger generation and to 
endow them' with the ability to devote their 
mental and physical powers to constructive 
ends. University education is a preparation 
for life and not merely for employment. On 
this view, the training of experts required 
for agriculture, iijyiustry and commerce 
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not the primary responsibility of the 
universities. The State schemes for the 
development of technological and vocational 
institutions provide the means for securing 
“ the trained executives and artisans, crafts- 
men and skilled labour of all grades and 
types’". The Government has the right and 
the duty to satisfy itself that every field of 
study which is in the national interest is 
cultivated in the university system, also that 
the resources placed at the disposal of uni- 
versities are properly and efficiently utilized. 
The Government has the right also to satisfy 
itself that the universities are under the 
charge of men who can think imaginatively 
and creatively and who can be trusted to 
uphold and carry forward the ideals of higher 
education. Beyond these, the universities 
ought to be given the freedom to device and 
execute policies in pursuance of their accepted 
aims and objects. 

The universities in India are of diverse 
types and patterns. Their origins and ages 
are also diverse. The problems that confront 
them in their day-to-day working and those 
that influence their future may be expected 
to be also diverse. Judging by the question- 
naire issued by the Commission, all the 
aspects which affect the efficiency and 
progress of the universities are being sub- 
jected to .scrutiny and inquiry. The con- 
ditions now prevailing in India are extreme- 
ly propitious for tlie growth and develop- 
ment of universit\' education. There is a 


vast reservoir of intelligence in the country 
which is awaiting to be tapped and which * 
would enable the setting up of high academic ' 
standards, provided the crippling disabilities 
such as lack of means and, in some instances, 
even caste, which hamper the entr}^ of 
intelligent youths who have proved their 
ability to profit by university education, 
are removed. The constitution of free India 
provides equal opportunities for all irrespect- 
ive of caste, creed or sex. A favourable 
atmosphere for the propagation of the highest 
ideals of liberal education obtains in India 
today, thanks to the exalted positio which 
truth and peaceful ideals have adained, 
largely as a result of Mahatma Gandhi’s all- 
pervading influence. The universities them- 
selves are fully alive to their responsibilities 
and have shown a readiness to discuss 
standards of intellectual discipline and their 
maintenance and propagation. These are 
healthy signs. In the important task of 
assessing the present position of university* 
education in India and in determining its 
future development, the Commission, we 
feel confident, will have the full co-operation 
of university teachers, research scholars, 
administrators and, in fact, of all those 
who have the vision to see what is at 
stake and realize how much depends on 
the universities in providing the nation 
not only with educated intellectuals byt 
also of men and women of personality and 
character. 


The Indian Chemical Society— 
Twenty-five Years’ Service to Chemistry 


T he Indian Chemical Society was estab- 
lished in 1924 as a result of the deli- 
berations held during the annual 
sessions of the Indian Science Congress, 
due chiefly to the initiative and foresight of 
the late Sir P. C. Ray, doyen of chemistry 
and leader of the Indian school of chemists. 
He was enthusiastically supported in this 
venture by the late Dr. E. R. Watson, Dr. 
J. N. Mukherjee, Dr. J. C. Ghosh, Sir S. S. 
Bhatnagar, and other leading chemists of the 
country. The Society was registered on the 


9th of May 1924, with Sir P. C. Ray as the 
first President, Dr. G. j. Fowler and Dr. J. L. 
Simonsen as Vice-Presidents, ( the late ) Dr. 
E. R. Watson and Dr. N. R. Dhar as Hon. 
Editors, Dr. J. N. Mukherjee as Hon. Secre- 
tary and Dr. P. C. Mitter as Hon. Treasurer. 

The object of the Society, broadly speaking, 
is to cultivate and promote the cause of 
chemical science and allied branches of learn- 
ing by holding meetings to discuss papers of 
scientific interest, arranging lecturg^ on 
scientific topics, co-operating with other 
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organizations having similar objects, and 
publishing original memoirs in chemistry and 
related branches of science through the 
medium of the Society’s publications. These 
objects the Society has fostered zealously, 
and the status which the science of chemistry 
has attained in India is in no small measure 
due to its efforts. 

The administration of the Society vests 
in a Council consisting of the President, the 
Vice-Presidents, the Hon. Secretary, the 
Hon. Treasurer, the Hon. Editors and twenty 
ordinary members of the Council elected by 
votes from among the Fellows on a regional 
basis. There are at present nearly 400 
Fellows on the rolls. Since 1938 a new class 
of Membership, the Associate membership, 
was instituted to admit research scholars and 
post-graduate students. Its membership has 
been characterized by a continuously upward 
trend and it enjoys today the support of 
chemists engaged in every branch of this 
•science and has attained the status and 
prestige of the premier national organization 
for the promotion, propagation and cultiva- 
tion of chemistry in this country. 

The Journal of the Indian Chemical Society, 
which was started as a quarterly at its 
inception, became a bi-monthly in 1927. 
Since 1934 it is being published ever\’ month. 
Since 1938 the Society has been publish- 
iijg every quarter the Industrial S' News 


Edition of the Journal. The adjudication ot 
the publishable matter is entrusted to a 
Board of As.sociate Editors consisting of 
sixteen members including the two Hon. 
Editors. 

The office of. the Society at Calcutta has 
attached to it a comprehensive reference 
library consisting of journals of chemical and 
allied branches of science and dissertations 
on scientific subjects. The Society at present 
receives more than 180 scientific publications 
in exchange, and the holdings of the library 
include some 2,000 bound volumes of journals 
dealing with chemical and allied sciences, 
and 1 ,200 dissertations. The Society supplies 
to its Fellows, at a nominal cost, typewritten 
extracts and transcriptions from journals 
which are either possessed by it in its library 
or are available elsewhere in Calcutta. 

The Society awards research grants in pur- 
suance of its objective to promote chemical 
re.search in the country. Due to financial 
stringency, however, the awards have been 
kept in abeyance at present. The Society 
awarded during the years 1933-38 the Sir 
P. C. Ray 70th Birthda\’ Commemoration 
Medals to research workers selected among 
the junior chemists on the basis of their 
merit. In memory of the late Mr. J. M. Das 
Gupta, a Fellow of the Society, the award 
of a second gold medal has been instituted 
since 1934. 


International Civil Aviation Organization (I.C.A.O.) 
South-East Asia Regional Conference 


T he South-East Asia Regional Air 
Conference held under the auspices of 
the International Civil Aviation Orga- 
nization was inaugurated by the 
Prime Minister of India, Pandit Jawaharlal 
Nehru, on November 16,1948 at New Delhi. 
Some 225 delegates and representatives from 
16 countries attended the Conference. The 
countries represented were : Burma, India, 
Indonesia, Iran, the Netherlands, Pakistan, 
Siam, United Kingdom, United States of 
America,. France, Belgium, Phillipines and 
Australia. Several members of the Secre- 
tariat, I.C.A.O. were also present. Dr. 


Jidward Warner, President of tlie Council of 
the I.C.A.O., was present to guide the work 
of the Conference. The presence of the 
delegates and experts from countries in other 
regions is evidence of the great significance 
attached to the Asian continent in the future 
of world aviation. 

Pandit Nehru in his address spoke of the 
remarkable progress of aviation in India and 
its major role in the history of mankind. 
This rapid progress, he said, was natural 
because India is ideally placed and has vast 
areas where air travel becomes almost neces- 
sary and essential. The climate for the 
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great part of the year was suitable for 
aviation. He emphasized the central position 
India occupied in the geographical set-up of 
South-East Asia and the world. The I.C.A.O. 
which enjoys the actual support of 51 nations 
of the world, in the words of Dr. Edward 
Warner, “ is an association of National 
Governments which have recognized the 
need for working together for the good of 
civil aviation and for the healthy develop- 
ment of international relationships The 
})resent (-onference, whirh is the ninth of the 
first series of regional meetings, is to examine 
the problems of air navigation in South-East 
Asian region and prepare a regional plan of 
aids to navigation and usages. 

An idea of the develoj)ment of civil avia- 
tion in India during the ])ast 2 decades may 
be had from the fact that while the total 
expenditure on civil aviation during 1947-48 
was Rs. 10,11,000, the figure for 1948-49 is 
expected to be Rs. 6,22,82,000. The rapid 
strides in civil aviation has been mainly due 
to the ex])editi()us way the 10-year post-war 
})lan drawn uj) some 3 years ago has been 
implemented. According to this plan, the 
( ivil Aviation Department would maintain 
and develop the already existing 45 aero- 
dromes in India ; 21 aerodromes in the 
Indian States are being maintained and 
developed by tlie States concerned. In 
addition, the plan provides for the construc- 
tion of 21 new aerodromes mainlv for local 
('ommunications. I'he aerodromes at Santa 
Cruz (Bombay), Dum Dum (Calcutta) and 
Palam ( New Delhi ) are being developed 
with a x’iew to I)ring them to the standard 
of international aerodromes. 

I'raining facilities for ]ulots, engineers and 
other technical personnel to man civil aircraft 
in India are available at 7 subsidized flying 
clubs at Bombay, Madras, Delhi, Barrackpore, 
Patna, IMiubaneswar and Lucknow, and at 
3 other non-subsidized clubs at Jodhpur, 
Trivandrum and Hyderabad. 3 more are 
being planned at jullimdur, Nagpur and 
Gauhati during 1949. The Communication 
School at Saharanpur is training radio- 
operators and technicians and a new school 
is to be established at Allahabad for training 
students in flying, flying control and adminis- 
tration. The Government of India, in this 
connection, have deputed 6 expetiericM 


^ 5 

pilots for training in the United Kingdom’as 
instructors. The Allahabad school is expect- 
ed to turn out 300 control operators during 
the next 3 years. 

During the first two quarters of 1948 there 
was a 25 per cent increase in air-traffic as 
compared with the preceding half year, the 
miles flown being 58,74,380 and the total 
number of passengers carried were 1,75,734. 

A 27 per cent increase in the weight of freight 
mails and newspapers carried was recorded — 
the figures being: air freight, 1,421 tons; 
newspapers, 743 tons ; and m ils, 286 tons. 
An improvement of 3 8 per cent in the factor 
of regularity was recorded which was 99-7 
per cent — a record for India. The number of 
aircraft registered rose from 55 1 to 614 and 
the number of B class pilots increased to 
296, A class pilots to 333, A-1 class to 15 and 
ground engineers to 343. 

1 he Conference elected Rai Bahadur 
N. C. Ghosh, Director-C7eneral of Civil Avia- 
tion in India, as Chairman. Mr. Md. Ismail, 
leader of Pakistan delegation and M. Hague- 
nan, leader of the French delegation, were 
elected first and second Vice-Chairmen, 

The Fact-finding Committee, which met 
‘earlier during the month, submitted its 
report to the Conference on the basis of 
which the Conference will formulate its 
decisions. The Committee assembled factual 
data relating to air routes, aerodromes and 
ground sites, air traffic control, communica- 
tion, meteorology and search and rescue 
organizations for South-East Asian region 
comprising of Afghanistan, Burma, ,Ceylon, 
Indonesia, India, Pakistan, Siam and portions 
of U.S.S.R., Australia and the Phillipines. 

The Conference will study, in particular,- 
the allotment of high-frequency radio 
channels for aircraft use. There is a great 
dearth of such channels and tlie International 
Tele-communications Union has asked the 
I.C.A.O. to prepare a plan for meeting the 
needs of international civil aviation with the 
greatest possible economy, having regard to 
the needs of civil aviation in all regions. 

The Conference appointed 5 sub-commit- 
tees to deal with aerodromes and air-routes, 
air traffic control, communications, meteoro- 
logy and search and rescue. The allocation 
of radio fretpiencies was left to the considera- 
{ibh dl the sub-committee on communications. 
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Characteristics of the Ionosphere 
at Calcutta (October 1948) 


S. S, BARAL, S. N. GHOSH, D. C. CHOUDHURY, 
R. K. MITRA & (Miss) T. K. PAL 

Wireless Laboratory, University College of Science, Calcutta 


T he following are the ionospheric data 
collected at Calcutta for the month 
of October 1948. The observations 
were made at each hour of the day for 
5 days a week. 

Fig. 1 presents the mean hourly values of 
the virtual heights and critical frequencies 
of the Fg layer and the critical frequency of 
the E layer in graphical form. Fig. 2 gives 
the predictions of maximum usable frequen- 
cies which can be used for different distances 
of transmission during January 1949 by 
reflection at the F region over Calcutta. 
Table I gives the list of occasions when the 
E region was found to be abnormal and the 
corresponding penetration frequencies and 
heights. The occurrence of abnormal E 
ionization at night is a feature of the 
ionosphere for this month. 
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TABLE I 


Month & 

Year 

Date 

Hour 






Me. 

Km. 

Oct. 1948 

4 

J800 

4 00 

120 



1900 

3' 75 

120 



2000 

425 

120 



2100 

5-70 

120 



2200 

010 

120 



2300 

5 • 70 

120 


r, 

0000 

5-25 

120 



0100 

4 • 90 

120 



0200 

4 • 65 

120 



1700 

4-20 

120 



1800 

3-85 

120 



1900 

3-70 

120 



2000 

3 ■ 6.5 

120 



2100 

3-25 

120 


' 

22fK) 

3 00 

106 



2300 

400 

105 
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TABLE 

1 — conld. 



Month & 

DatI' 

Hour 



Ykar 



Me. 

Km 

Oct. 1948 

6 

0000 

.'iOO 

120 



0100 

4-80 

120 



0200 

3 ■ 00 

105 


7 

2200 

r> • 45 

120 



21100 

5 • 05 

120 


8 

0000 

4 • 95 

105 



0100 

4 • .50 

105 



0200 

4 • 25 

105 



0300 

4 00 

90 



0400 

3 05 

V»0 


9 

2300 

3 • 20 

105 



TABLE 

I — conld. 



Month & 

Date 

Hour 



Year 



Me. 

Km. 

Oct. 1948 

10 

0000 

4-50 

105 



0200 

4 (15 

105 


21 

1400 

4 • 75 

135 



1 500 

5-90 

135 



1 900 

6 ■ 20 

135 



1 700 

9 • 30 

135 



1800 

9-45 

135 



1900 

9 ■ 55 

135 



2000 

7 • 00 

135 



2100 

7-00 

133 



2200 

9 ■ 85 

135 



2.300 

9 • 95 

120 


OO 

0000 

5 • IM ) 

120 



0100 

4 - 10 

120 



0200 

3-90 

105 


Utilization of Chlorine 


KRISHNA GOPAL MATHUR 

National Chemical Labor atory, CS.I.R., India 


I T is estimated that about 54,000 tons of 
caustic soda are needed in India 
annually for various industrial pur- 
posesb If produced electrolytically, 
this would result in the simultaneous pro- 
duction of about 48,000 tons of chlorine. 
Lar^e quantities of chlorine will thus become 
available in India for industrial purposes as 
soon as new plants for j)roduction of 
caustic soda ( some of which are now under 
erection ) start functioning. Fears have been 
expressed that such quantities of chlorine 
may not find markets in India. 

Chlorine is an important industrial chemi- 
cal, and an increase in the production of 
chlorine should be welcomed by everybody 
interested in the development of chemical 
industries. The importance of chlorine as 
a raw material will be obvious from the fact 
that in. 1940, in America^ alone, production 
of chlorine rose to 5,00,000 tons a year. 
This quantity found consumption as follows : 

1. For the manufacture of chlorinated 
hydrocarbons, solvents, glycols, 


chlornaphthalenes, etc. 60 

2. For bleaching operations in 

(a) Paper industry 21 

(b) Textile industry 5 

3. Sanitation 6 

4. Other uses 8 


During the war large quantities of chlorine 
were consumed by the military for the pro- 
duction of smoke screens and for various 
chlorine compounds used in chemical 
warfare. 

The above analysis may be found instruct- 
ive as it indicates the spheres in chemical 
industries which consume large quantities 
of chlorine in other countries. It is note- 
worthy that 60 per cent of the total quantity 
produced in America was consumed in the 
manufacture of chlorinated hydrocarbons 
and allied solvents, a fact that should be 
helpful in planning for the consumption of 
chlorine that is expected to be available 
in our country. 

Almost the entire quantity of chlorine 
that is produced at present is consumed in 
the manufacture of bleaching powder or of 
bleach liquors. Some quantities are con- 
sumed in the treatment of water and far 
sanitation purposes, but little attention has 
so far been paid by Indian manufacturers 
to the numerous chlorine compounds that 
can be manufactured with chlorine and 
other materials which either exist or 
can be produced in India. It is proposed 
to consider the possibilities Jor the utiliza- 
tion of chlorine with this end in view in 
this paper. For the sake of convenience, 
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production of chlorine compounds may be 
considered under the following heads : 

(1) Chlorohydrocarbon solvents. 

(2) Chlorine compounds needed for mili-' 
tary operations. 

(3) Chlorine compounds ( inorganic ) need- 
ed for industrial purposes. 

(4) Chlorinated oils, resins and rubber. 

Chlorohydrocarbon Solvents 

Production of cheap solvents in India 
may result in rapid developments in various 
fields of chemical industry. For instance, 
modern methods for the extraction of vege- 
table oils from oil seeds are based on solvent 
action, and developments in oil mills may 
soon follow the availability of cheap solvents. 
Use of solvents has led to remarkable 
developments in lacquer industry in other 
countries, and old methods involving the use 
of linseed and other vegetable oils in lacquer 
and paint industries in India may have to 
give place to different methods as soon as 
solvents are available at economic prices. 
Extraction of essential oils, of alkaloids and 
active principles of drugs, preparation of 
insecticides, degreasing of bones and metals 
and dry-cleaning operations are other 
instances of industrial processes which may 
develop rapidly if solvents are available. 

According to McGovern^ the following 
chlorohydrocarbons are manufactured in 
America, and find use as solvents in indus- 
tries : methyl chloride, methylene chloride, 
chloroform, carbon tetrachloride, dichlor- 
ethylene, trichlorethylene, perchlorethy- 
lene, ethyl chloride, ethylene dichloride, 
1,1, 2-B trichlorethane, 1, i, 2, 2, tetrachlor- 
ethane, pentachlorethane, hexachlorethane 
and propylene dichloride. In India, how- 
ever, the production of solvents has so far 
been very limited on account of the diffi- 
culties in the availability of raw materials. 
The following chlorohydrocarbons may be 
manufactured in India from chlorine and 
hydrocarbons that are either available or 
can be produced from alcohol. The mate- 
rials that will be needed for the production 
of chlorohydrocarbons are mentioned against 
each : 


Solvents 

Carbcjn tetrachloride 
Chloroform 

Ethylene chlorohydrin 
and glycols 
Trichlorethylene and 
perchlorethylene 

Pichlorethane 


Raw materials 

Chlorine and natural gas 
Chlorine and alcohol 

Chlorine and ethylene 

Chlorine and acetylene 
( or alcohol ) 

Chlorine and ethane 


Natural gas occurs in India, and ethylene, 
ethane and acetylene can be produced from 
alcohol. Processes for their manufacture 
from alcohol are .simple, but no distillery in 
India has so far attempted to manufacture 
these hydrocarbons. The raw materials 
needed for the production of the above sol- 
vents, references to methods of their pro- 
duction, and their important industrial 
applications are briefly as follows : 

(a) Carbon Tetrachloride (Ran) material : 
Natural Gas ) — Natural gas has been tapped 
at Jagatia and Gogha in Kathiawar and at 
Baroda^. In smaller quantities it is reported 
from wells in SaharwieF ( Mymensingh Dis- 
trict ). According to Barton* who investi- 
gated the resources for natural gas in Burma, 
on Indaw oil-fields alone 12 million cu. ft. 
of gas are produced per day, and in Thry- 
etmyo District, gas is liberated at a def)th of 
2,525 ft. in quantities estimated at 39 million 
cu. ft. per 24 hr. 

If natural gas is collected from these 
fields and chlorine from the new caustic 
soda chlorine j)lants, production of carbon 
tetrachloride may be started according to 
the methods described below. Sources of 
natural gas in India are considered poor, but 
it may be pointed out that the requirements 
are such that even if 10, 000 cu. ft. of gas 
are available per day, an economic unit can 
be set up. 

Tollocz-ko and Kling^ ])repared carbon 
tetrachloride by chlorinating natural gas at 
400T. in the presence of catalysts. Jones, 
Allison and Meigham* chlorinated natural 
gas containing 88*5 per cent methane, 
lOT per cent ethane, 0*4 percent nitrogen. 
Baskeiville Reiderer* chlorinated natural gas 
containing 50-90 per cent methane by 
subjecting the mixture to silent electric 
discharge. Tizard, ('hapman and Taylor^* 
passed methane over pumice impregnated 
with copper chloride at 435T. and obtained 
chlorinated hydrocarbons with carbon tetra- 
chloride and chloroform as the main j)ro- 
ducts. 

Technical Applications — Carbon 
tetrachloride is known industrially under 
different names — “Tetra”, Tetracal", 

Asordin ”, ” Phoenixine ” are some of the 
trade names under which it is sold in large 
quantities in America and in the U.K. One 
of the most important applications of carbon 
tetrachloride is as a fire extinguisher, parti- 
cularly for fires involving volatile organic 
solvents. Industries which consume large 
quantities of tetrachloride include petro- 
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leum refineries ( where it is used as a solvent 
for gasolene, paraffin and petroleum ), and 
rubber factories where it is consumed as a 
constituent of solvents. During the war 
large quantities of carbon tetrachloride 
were needed for the manufacture of smoke 
screens. Other industrial operations for 
which carbon tetracliloride may be con- 
sidered as a solvent are (a) dry cleaning ; 

(b) degreasing of bones in glue plants ; 

(c) extraction of atropine, strychnine and 
other alkaloids in pharmaceutical works ; 
and (d) degreasing of metal parts prepara- 
tory to plating, galvanizing, etc. It may 
also be used as a refrigeration medium, as an 
ingredient of shoe polishes, and as a consti- 
tuent in the preparation of insecticides. 
The demand for a cheap solvent, particu- 
larly for dry cleaning and degreasing, has 
increased considerably during recent years. 

(b) Chloroform [Rcuc material : Alcohol) - 
Alcohol is produced in large (juantities in 
India, and its ])roduction is likely to increase 
in the future. 'I'he industrial im|)ortance of 
some of the com|)()unds that can be pro- 
duced from alcohol ( e.g. acetone, ether, 
hydrocarbons, acetic acid, etc.) is so great, 
tliat it may be more ])rofital)le for some of 
the distilleries to utilize the alcohol for the 
{:)roduction of these industrial chemicals. 

W'hen alcohol is distilled with bleaching 
])owder, cliloroform is produced. The 
method is an old one and is still used. 
Acetone is now more commonly used in other 
countries, but in view of the fact that Indian 
distilleries produce alcohol, the older 
method may be advantageous. A variation 
consists in chlorinating absolute alcohol 
with anhydrous chlorine gas and treating 
the chloral Inalrate thus formed with 
alkali!'. 

Production of chloroform from alcohol 
should be a matter of special interest for 
such firms as have their own distilleries 
and are planning for installation of caustic 
soda plants. 

T e c h n i c a 1 A p plications — Like 
carbon tetrachloride, chloroform is extensively 
used for the extraction of oils, fats and waxes ; 
and for degreasing bones, metal surfaces, furs 
and wools. One of its most important uses 
is in the pharmaceutical industry where, 
besides its well-known use as an anaesthetic, 
it is employed as a constituent of antiseptic 
preparations, inhalents, lineaments, and as a 
preservative for various vegetable drugs. 
With carbon tetrachloride and gasolene, it 
finds use in dry-cleaning operations. Paper 


mills consume large quantities of chloroform’ 
for degreasing paper stocks. Chloroform 
has recently been used in the manufacture 
of several food preparations, particularly in 
making food flavours and in the manufacture 
of vitamins. During the war, large quan- 
tities of chloroform were consumed in the 
manufacture of hexachlorethane needed in 
the production of smoke screens. 

(c) Ethylerte Chlorohydrin & Glycols 
( Rom: material : Ethylene ) — Production of 
ethylene from alcohol is a simple process. 
Number of catalysts have be n developed 
that effect almost a quantitative conversion 
(if alcohol into ethylene. Sprent'^ described 
the production of ethylene by passing 
alcohol vapour over amorphous alumina at 
31()T'. According to Sanderens!®, the follow- 
ing catalysts have provTtd highly efficient : 


Catalyst 

Tk MPl kattrl 

KTHVLENE 


"C. 

IN C.AS 

AI. phosphate 

;i2(i 

{)!) • .'> 

Al. silicate 

270 

i)0 • a 

Kaolm 

270 

97 5 

Al. sulphate (aiihyilroiis ) 

20a 

99-5 

Cpt. aluiiiiti.i 

2a0 

99 • 5 


Ethylene, ethane and acetylene are raw 
materials for many important industries 
and in the absence of large quantities of 
natural gas, their production from alcohol 
deserves every consideration from those 
interested in the planning of new industries. 

The production of ethylene chlorohydrin 
and glvcols can be accomplished according 
to the following processes : 

Chlorine anci ethylene are agitated in 
water. I'he solution is neutralized with 
lime and ethyl chlorohydrin distilled over^^. 
According to a Dritish Patent!’^ water is 
circulated through a tower where it is 
treated with chlorine gas, forming a solution 
of hydrogen oxychloride and hydrogen 
chloride. It then passes to a second tower 
where it comes into contact with ethylene 
which at (L-20T'. combines with hydrogen 
chloride to form ethylene chlorohydrin. 
The latter decomposes on boiling with water 
directly into glycols which find numerous 
applications as industrial solvents. ' 

(d) Trichlorethylene Perchlorethylene 

{ Raxc materials : Alcohol [Ethylene & Acety- 
lene 1 ) — Starting with 90 per cent industrial 
alcohol, it is po.ssible to manufacture tri- 
chlorethylene and perchlorethylene, two 
chlorohydrocarbons which have acquired 
considerable importance as solvents. Ac- 
cording to the scheme for their manufacture 
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'described below, chlorination is involved at 
three stages. 

Production of ethylene from alcohol for 
industrial purposes is well known, but that of 
acetylene ( which is really the raw material 
for the above solvents ) is usually carried 
out from calcium carbide. Carbide is not 
manufactured in India at present, but the 
Heavy Chemicals and Electrochemical 
Industries Panel have recommended'® 
7,000 tons as the target, and the Govern- 
ment of India have granted an import 
licence for a 5,000-ton plant to be installed 
in Bihar. The absence of this basic industry 
has retarded the development of a large 
number of chemical industries in India. 
When the carbide industry is established, 
the manufacture of trichlorethylene and 
perchlorethylene will be easy, as the first 
three stages, which represent production 
of acetylene from alcohol may in that case 
be completely eliminated. But as long as 
carbide is not available, production of these 
solvents may be considered from alcohol. 

The series of chemical reactions that are 
involved in the production of trichlor- 
ethylene and perchlorethylene from alcohol 
( or acetylene ) and chlorine are briefly as 
follows : 

1. CjHgOH 

2 . 

alkali 

3. ^ 2HC1 

4. CjHj+2Ch ^ 

5. CjHjCL CsHCla ( Trichlorethylene ) 

-f-HCl 

6. CgHCla-hClj ^CaHClg 

7. CgHClj CjCh ( Perchlorethylene ) 

+ HC1 

Technical Applications — Trichlor- 
ethylene is mainly used for the extraction 
of oils and fats, and for degreasing fish scrap, 
textiles, and metals. In India, trichlor- 
ethylene is likely to find use in dry cleaning, 
oil mills, paper mills, electroplating, and 
pharmaceutical works. 

* Perchlorethylene is sold in other countries 
under the names “ Etdine ”, “ Perwin 
and “ Tetralex Its main uses are : (i) in 
textile mills as an ingredient of compositions 
used for waxed cloth, for treating fibres and 
' fabrics for producing various designs ; and 
(ii) in the manufacture of photographic 
films where it is used as a solvent for cellulose 
acetate, or nitro-cellulose. During the war 


large quantities of perchlorethylene ,were 
used for the manufacture^^ of smoke screens. 

(e) Dichlorethane {Raw material: Ethane) — 
Like ethylene, ethane is produced by the 
catalytic dehydration of alcohol. Boomer 
and Morris^® obtained ethane by the cata- 
lytic decomposition of alcohol at 300^’-500°C. 
with silica gel. When heated at 615°C. at a 
pressure of 170 atm. in the presence of 
aluminium-copper catalysts, the proportion 
of ethane in the resulting gases was found 
to be as high as 74-8 per cent'®. When 
ethane and chlorine are led over activated 
charcoal at 100°-30()°C., dichlorethane is 
produced^®. 

Dichlorethane is extensively used as a 
solvent for rubber. It readily dissolves 
bakelite, camphor, rosin, vinyl and glyceryl 
phthalates resins, bees-wax and carnauba 
wax. It has found numerous applications 
in the manufacture of plastics and varnishes, 
as a medium in refrigeration plants, and 
as a solvent in dry-cleaning operations. 

Chlorine Compounds in Military Operations 

Two types of chlorine compounds have 
been used during the war : (i) those used 
in the preparation of smoke screens ; and 
(ii) those used for the manufacture of lachry- 
matory agents, vesicants and toxic gases. 

(i) Smoke Screens — Berger mixture, popu- 
larly known as “ BM ", consists of carbon 
tetrachloride 41 per cent, zinc dust 3 5 4 per 
cent, sodium chlorate 9*3 per cent, ammo- 
nium chloride 5'3 per cent, and magnesium 
carbonate 8'^3 per cent^h This mixture was 
used in large quantities in World War T. 
Improvements over BM have since been 
reported. The H.C. mixture consists of 
solid hexachlorethane 50 per cent, zinc dust 
28 per cent, and zinc oxide 22 per cent, 
Hexachlorethane, the chief constituent in 
the mixture, is prepared either by heating 
chloroform in a red-hot tube^^, or by heating 
carbon tetrachloride to 160°C. with arsenic^®. 

Another type of smoke screen is represent- 
ed by titanium tetrachloride and silicon 
tetrachloride. Tin tetrachloride has been 
used in certain countries, but as tin is not 
available in India in any considerable 
quantity, it may not be possible to manu- 
facture this tetrachloride on a commercial 
scale. Titanium tetrachloride ( TiCl 4 ), popu- 
larly known as " FM ", can be manu- 
factured in India when required. The 
process consists in mixing titanium ore with 
carbon and heating the mixture to about 
650X. in a current of chlorine. 



Jamiary 1949 ] utilization of chlorine J1 


Silicon tetrachloride ( SiCl4 ) is prepared 
by treating silicon carbide with chlorine. 

(ii) Lachrymatory & Vesicant Agents & 
Toxic Gases : 

(a) Chloracet one , CH3.CO.CH2.Cl, 
also known as “ Tonite is produced by 
passing chlorine through acetone. It lachry- 
mates the eyes in concentrations as low as 
()'018 mg. per litre^h 

(b) C h 1 o r o p i c r i n , C.CI3.NO2, also 
known as “ Acpiinite ”, ” Klop ”, ” PS ” 
and “NX”, produced by the action of 
chlorine on picric acid or its salts, induces 
lachrymation at as low a concentration as 
O' 002 mg. per litre ; and at 2' 00 mg. per 
litre it is lethal. 

(c) C h I o r a c e t o p h e n o n e , ('({Hr,. 

CO.CHa.C l, known under the name ” ('X ”, 
is prepared by chlorinating acetic acid, fol- 
lowed by chlorination of chloracetic acid in 
the presence of sulphur chlorides. The 
chloracet yl chloride is finally treated with 
benzene in the presence of anhydrous alumi- 
nium chloride. 

('hloracetophenone is solid and resistant 
to heat and moisture, and on account of 
these qualities it was used in large quantities 
during the la.st war. Its production in India 
will depend on the availability of benzene 
and acetic acid. Benzene is produced by 
certain coke works in Bihar, but acetic acid 
is not manufactured in sufficient (juantities 
in India at pre.sent. 

(d) M u star d (i a s -- According to the 
process that w'as employed b\' the Germans 
in (jreat War I, mustard gas is obtained 
from etliylene chlorliydrin. 

The production of ethylene from alcohol 
on an industrial scide has already been 
considered. For distilleries producing 
ethylene, the production of mustard gas 
should be possible. 

(e) (' h 1 o r V i n I d i c h 1 o r a r s i n e — 
This compound was developed in America 
at the close of \\\)rld War I and is described 
as ” America’s principal contribution to the 
Materia Chemica of the World War ”. This 
was an improvement over mustard gas or 
ethyldichlorarsine, and large quantities were 
manufactured during the war. The main 
raw materials were acetylene and arsenic 
chloride. 

The production of acetylene from chlorine 
and alcohol has been discussed in connection 
with the preparation of chlorohydrocarbon 
solvents. Arsenic, the other raw material, 
occurs in India. Deposits of orpiment and 
realgar are known in Shankalpa glacier in 


Kumaon^^. Mallet^® has described the be-* 
currence of arsenical pyrites on Sampthar 
hills ( Darjeeling ). Arsenic is also obtained 
as a by-product in the metallurgical treat- 
ment of several ores. Thus, if necessary, it 
would be possible to take up the production 
of such dangerous chemicals as ethyldichlor- 
arsine and chlorvinyldichlorarsine and other 
compounds of the series. 

Chlorine Compounds ( Inorganic ) 

Needed for Industrial Purposes 

The demand for bleaching )Owder from 
tlie paper and textile mills in India has 
increased considerably during recent years. 
Since lime, which is the only other raw 
material needed for the production, is avail- 
able, the manufacture of bleaching powder 
has been started in most of the factories 
producing chlorine. Potassium chlorate 
can be manufactured from lime and potassium 
carbonate. Sulphur chlorides, mainly used 
in the rubber industry, may be manufactured 
with imported sulphur even as sulphuric 
acid or other sulphur compounds are being 
manufactured at present. Chlorides of tin, 
mercury and phosphorus are produced by 
the interaction of chlorine with the respective 
elements, but these are not produced in 
India. It may, however, be noted that 
chlorides of tin, phosphorus and mercury are 
important materials, and their production, 
even from irnjiorted materials, may be 
considered on account of the large number of 
new industries that are likely to develop if 
these chemicals are produced. 

Chlorination of minerals has led to the 
production of important salts of metals 
on a commercial scale. Maier^^ chlorinated 
chromite ore ( mixed with carbon and 
quartz, and reduced to 100 mesh ) at a 
temperature of 900 X". On sublimation 
chromium chlorides were obtained. India 
produces about 60,000 tons of chromite an- 
nually-®, and only a part of this is worked 
up for the production of chromium com- 
pounds. The chlorination process of Maier 
may be adopted for production of chromium 
salts required in the tanning and plating 
industries and for the manufacture bf 
chromium pigments. 

The chlorination of pyrites has been 
investigated by Ezdakov^* who used pyrites 
containing 49 per cent sulphur and obtained 
82 per cent conversion. Ezdakov has shown 
that the chlorination resulted in the pro- 
duction of ferric chloride and sulphur 
chloride both of which are compounds of 
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considerable industrial importance. It may 
be noted in this connection that quantities 
of iron pyrites exist in India particularly 
in Simla hills, and they have not been 
utilized so far, as their use in the manu- 
facture of sulphuric acid has not been 
found economically feasible. According to 
PristonfiP®, treatment of zinc blende with 
ferric chloride results in the formation of 
zinc chloride and separation of sulphur. 
Zinc ores are known to occur near Udaipur 
in Rajputana. C'ombining, therefore, the 
results of Ezdakov and Pristonlil, it may be 
possible to utilize chlorine ( from alkali 
plants ) , iron pyrites ( from Simla hills ) 
and zinc blende from Udaipur, and work 
out schemes for the production of sulphur 
chlorides, zinc chloride, iron chloride and 
sulphur. The industrial importance of these 
chemicals is well known. 

Chlorination of titanium ores has been 
investigated by a number of workers. The 
methods employed con.sist in mixing the 
ore®' with 30 per cent carbon, and heating 
the mixture to about 650°C. A fused mass 
consisting of titanium carbonitride ( Tig 
C4N4 ) and titanium carbide is formed wliich 
can be converted into TiCl4 by heating in a 
current of chlorine. Muskat and Tylors®® 
have described an apparatus for tlie p)rep)ara- 
ti(^n of titanium chloride by a continuous 
process, in which conditions are so regulated 
that chlorine and the ore react at 600T., 
attained as a result of the heat of reaction. 
In another process described by Taggent®®, 
briquettes are made by bonding rutile and 
charcoal, and chlorinated at 700'T". The 
condensate obtained contains titanium tetra- 
chloride 99 per cent, .silica ()'5 per cent, 
and iron 0*002 per cent. 

Chlorination of bauxite has been investi- 
gated by Finke and Marchi®"*, who worked 
out details of a process for the production 
of aluminium chloride from bauxite. 

Chlorination of Oils, Resins & Rubber 

Considerable work has been done on the 
chlorination of mineral oils in other coun- 
tries, but oils of mineral origin may not be 
available for the preparation of ' chlorine 
compounds in India. Vegetable oils are 
available, but their chlorination has not 
led to any useful results so far. Chlorination 
of animal fats in some cases has yielded 
• valuable products. Whale oil, on chlorina- 
tion, yields products which according to a 
British Patent®® are used as bonding agents 
for abrasives, plastics, rubber goods and 


composition leather substitutes. Chlorinated 
sardine oil has found use in germicidal 
preparations. Fish oil is produced in large 
quantities in Madras and Bombay, and its 
industrial possibilities have not been fully 
explored. It may be mentioned in this 
connection that owing to the scarcity of 
mineral oils in India, difficulties are ex- 
perienced in finding substitute oils which 
may be used for larvicidal purposes, and 
chlorinated fish oils may be investigated as 
po.ssible substitutes for mineral oils for 
anti-malarial operations. 

Chlorination of hydrocarbons has resulted 
in the development of a large number of 
resins of industrial importance. Chlorinated 
diphenyl resins or '' Arochlors ”, for ins- 
tance, are obtained on chlorination of 
diphenyl. They are extensively used for 
the manufacture of insulating compositions. 
Tung oil or liiLseed oil varnishes prepared 
with ” arochlor ” are known to be highly 
resistant to water and alkalies. Wood and 
te.xtiles when treated with ” arochlors ” 
are rendered flame-proof. 

Diphenyl, the only material needed for this 
prep)aration, is not manufactured in India, 
but its p)roduction from benzene is simple 
enough. According to certain American 
Patents®® benzene vapour when led at 600 - 
800X. through a lead bath is converted into 
diphenyl. Magnetic oxide of iron is used as 
catalyst at 800°-950''('. in large-scale manu- 
facture. 

Chlorination of nap)hthalene results in the 
production of a mixture of clilornaphtha- 
lenes with a melting point ranging from 
60'‘-125'’C. ” Seekay ” wax ( /.C./. j, and 

” Halowax ” are two well-known chlorinated 
naphthalenes. On account of their non- 
inflammability, chloronaphthalenes are used 
as binding agents in the manufacture of con- 
densers, and for insulating and sealing com- 
positions for electric goods. During the war, 
chloronaphthalenes were in great demand 
for the production of smoke screens and for 
the damp-proofing of explosives. Emulsi- 
fied preparations of some of the chloronaph- 
thalenes are extensivelv used as insecticides®’. 
In recent years chloronaphthalenes have 
found use as substitutes for camphor in the 
production of nitro-cellulose films, and in the 
production of polishes. The manufacture 
of chloronaphthalenes is, therefore, likely to 
be a profitable industry in India. There are 
other chlorinated hydrocarbons which have 
found industrial applications in other coun- 
tries ( e.g. resins from chlorinated cymene ) ; 
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but they are not likely to be of importance 
in India on account of the difficulties in- 
volved in obtaininf^ suitable hydrocarbons. 

Chlorinated Rubber — Raw rubber is pro- 
duced in Madras, Mysore, Travancore and 
Cochin. During 1936-40 India exported 
23,327,653 lb. of raw rubber^^. When chlo- 
rine is passed into solutions of raw rubber, 
chlorinated resins employed in the pre- 
paration of wrapping sheets, moulded pro- 
ducts, etc., are obtained. Varnishes pro- 
duced from chlorinated rubber have been 
extensively used as coatings for aircraft and 
automobiles. “ Tonsite ”, a chlorinated 
product used in Germany during the war, is 
a non-inflammable powder highly resistant 
to the action of acids, alkalis or salts. Trans- 
j)arent sheets, laminated products, and 
waterproof cloth have been obtained by 
Karimullah and Isma Shankar**^ by chlori- 
nating cyclized ruliber. 
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Indian Standards for Refractories 


The Ktiginceri ng Division Council or the 
IS.L has brought out three Draft Indian 
Standards on Fireclay Refractories. They 
are concerned with Moderate Heat Duty 
Fireclay Refractories, Group ‘ A ’ ; Moderate 
Heat Dut\’ Fireclax' Refractories, Group ‘ B ’ ; 
and High Heat Duty P'ireclay Refractories. 
These have been prepared by an expert 
Sectional ( ommittee composed of repre.senta- 
tives of manufacturers and consumers of 
refractories in India. The Committee is 
headed by Dr. H. K. Mitra of the Tata Iron & 
Steel Co. Ltd., Jamshedpur. 

The Drafts consist of standard specifica- 
tions for different types of refractories 


produced in India, and the methods for 
chemical analysis, determination of pyro- 
metric cone equivalents under load for full- 
size bricks as well as for sections of bricks, 
tlie poro.sity, and resistance to spalling. 
The object of tlie specifications and tests 
is to provide an agreed method V)f 
evaluation for the three different types of 
refractories. 

These Drafts on fireclay refractories have 
been widely circulated to industrialists and 
technologists in the held. Comments will* 
be received till 29th F'ebruarx' 1949 by the 
Director, India n St a ndards I nstitutio n , 
‘P' Block, Raisina Road, New Delhi. 
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IL Claviceps purpurea Tulasne ( Ergot ) 

T he sclerotium of this fungus 

arising in the ovary of rye, ecale 
cereale Linn., is known as “ Ergot 
The drug is specially cultured in 
Russia, Poland, Spain and Portugal. It is 
the only oxytocic or uterine tonic drug 
known which is effective on administration 
by the oral route. It is largely used in India 
where proper medical aid at child-birth is 
often beyond the reach and means of the 
bulk of rural population. 

It is observed by R. Tyller^ that barley 
in the upper province of India was often 
affected with a disease similar to, if not 
identical with, ergot. The same or appa- 
rently the same disease was observed on 
rice and oates during recent years. No 
effort was, however, made to develop ergot 
from Indian sources and the entire supply 
comes from Plurope. 

A good deal has been written on the 
poisonous properties of barley, wheat and 
millet which, to outward appearance, seem 
to be of good quality but which contain a 
fungus most probably resembling ergot. 
Recently a fungus, most probably ergot, 
was observed on the grasses in Simla hills® 
and on sugarcane and on Cynon dactylon 
in Mysore State. This has been confirmed.* 
In fact ergot has been successfully pro- 
duced in India. 

Ergot production was taken up by Mr. 
M. K. Thomas^® in 1942 in Madras. The 
exploratory field experiments were conducted 
over 2 acres of rye raised in the Government 
Research Station in the Nilgiris. The 

* Botanical Examination — Length of sclerotia — 
2 to 3 cm. ; smahest size 1 cm. Some sclerotia are 
cylindrical with a thick base and nearly pointed 
tip, others are markedly curved. Appearance, 
dark-coloured hard structures 4 to 5 mm. thick 
with a yellowish core. The length of the sclerotia 
imported from Europe varies from 1 to 3 cm. 
These are nearly cylindrical, slightly curved with 
longitudinal furrows, extensively dark brown 
with a pinkish core. 


botanical, chemical and pharmacological 
examination of ergot grown in the Nilgiris 
satisfies all the requirements laid down in 
the British Pharmacopoeia}^. 

The water-soluble alkaloid of ergot, ergo- 
metrine and the water-insoluble ergotoxine- 
ergotamine present in Indian ergot have been 
determined. The results are as follows : 

o/ 

/() 

Total alkaloids OT213 

( calculated as ergotoxine ) 

Water-insoluble alkaloids 01169 

( calculated as ergotoxine ) 

Water-soluble alkaloids O' 237 

( calculated as ergometrine ) 

Pharmacological Examination — Using 
Broom and Clark’s method of assay with 
rabbit uterus, the ergotoxine content in the 
liquid extract ( B.P. method ) lies between 
0*085 and 0T45 per cent (mean, 0*115 
per cent ). This would not probably be far 
from the true value of ergotoxine content 
in the liquid extract. 

It is evident that ergot artificially pro- 
duced on rye in India is of good quality. 
It is in certain respects better than many of 
the imported batches of ergot. 

Since the exploratory field experiments 
on the production of ergot in the Nilgiris 
have proved successful and ergot of standard 
quality has been produced, the Director of 
Agriculture, Madras, prepared a scheme for 
the production of ergot on a large scale. 
The following extract from the personal 
communication of the Government Myco- 
logist of Madras Presidency show the pro- 

Transverse Section — The outer portion consists 
of small dark-coloured cells, the colour of which 
is changed to brownish red on the addition of 
sulphuric acid. The rest of sclerotia consists of 
nearly colourless, closely compacted, very small 
oval or round cells. Imported sclerotia of ergot 
also shows more or less similar appearance, odour 
and taste which are characteristic. 

Chemical Examination — Total alkaloids of ergot 
0*13014 per cent ( 130*14 mg. per 100 gm.) British 
Pharmacopoeia specifies 0*05 per cent ( 50 mg. per 
100 gm.). 
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gress of the culture .and production of ergot 
carried out in the Nilgiris : 

" Ergot of rye is being produced on the 
Nilgiris from 1943 onwards. Rye is specially 
grown for this purpose, as it is not one of the 
cereals cultivated by the local people. The 
total area put under rye for this purpose 
does not exceed 100 acres. 

“ The production of ergot is at present 
limited to meet the requirements of the 
province and the surplus, if any, is offered 
for sale to private pharmaceutical firms. 
The target of production is at present kept 
at 2,500 lb. of ergot per annum. But the 
locality is well suited for large-scale pro- 
duction of ergot to meet the entire require- 
ments of India as it has favourable climatic 
conditions. 

The quality of the ergot is being im- 
proved progressively by continuous selection 
of the strains exhibiting high alkaloid 
contents. Thus it has been possible to raise 
the total alkaloid content of this bulk pr6- 
duce from 0*19 per' cent to 0*4 per cent 
calculated as ergotoxine. I^hirther work on 
these lines is in the progress.” 

Shillong ( Assam ) is also suggested to be 
a suitable j)lace for culturing ergot ^ 2 . It 
enjoys a temperate climate and heavy 
rainfall. The physical features and some 
of the meteorological conditions of Shillong 
compare well with those of New South Wales 
in Australia where, during recent years, 
culture of ergot has attained remarkable 
success. Besides Shillong experiments for 
culturing ergot may be undertaken in Simla 
Hills and Mysore State where locally growing 
grasses have shown to be infected with a 
similar fungus. 

12. Digitalis purpurea \a\\x\. (Foxglove) — 
This plant is a native of Western Europe but 
is now being extensively cultivated in many 
parts of the world, particularly in England, 
Germany, Austria, etc. Digitalis leaves are 
largely used as a heart tonic. Large quanti- 
ties of digitalis preparations used in India 
are imported from abroad. It has been 
observed that preparations of digitalis, 
especially the tincture, lose 20 to 40 per cent 
of their potency within a few' months under 
climatic conditions prevailing in India and 
are rendered useless for therapeutic use. 

So far as is known, none of the species of 
digitalis is indigenous to India. The culti- 
vation of Digitalis purpurea was started on 
an experimental scale many years ago. 
R^ular crops now grow in some of the hill 


stations, particularly in Kashmir. The Forqst 
Department of Kashmir State is cultivating 
the plant on a large scale at Tangmarg and 
in Kishtwar. Regular crops of leaves are 
obtained every year which, on biological 
assay, have been found to be of excellent 
quality. 

Digitalis was also grow'ii in Mungpoo 
near Darjeeling and in the Nilgiris, but as 
the leaf matures in these places during the 
rainy season, drying and curing of the leaf 
is difficult under natural conditions ; artificial 
means of drying, e.g. by her involves the 
risk of the glu cosides being detomposed and 
becoming toxic. Tinctures p^repared from 
the leaves obtained from dilferent places 
were biologically assayed and clinically 
tried*^ with good results. 

The tinctures made from Darjeeling leaf 
varied a great deal in their activity as 
repealed by biological assay and clinical 
trials ; they were not nearly so good as 
tinctures made from the Kashmir leaf. The 
tinctures made from the Nilgiri leaf were 
toxic, and were not therapeutically effective. 
The leaf grown in the Nilgiris could possibly 
be improved by Ixtter methods of culti- 
vation and drying. 

Digitalis grows w^ell in open spaces at 
altitudes of 6,000' above sea level. Suitable 
localities can be selected in the Western 
Himalayas and the plant can be cultivated 
w'ith success. Its cultivation on a large 
scale in India has a good future. 

Digitalis lanata Ehrh. also grows well in 
Kashmir and leaf of excellent quality is 
obtaino'd. This species is preferred I'V many 
as it is less cumulative in action, rapidly 
slow's the pulse and its glucosides are more 
stable. Its preparations, therefore, deterio- 
rate less in the tropical climes than D. 
purpurea. 'I'his varietN’ grows wtII in Tang- 
marg ( Kashmir ) at an altitude of 7,000' 
above sea levxd and it could be cultivated in 
other suitable localities in India. 

13. Ephedra gerardiana Wall. — The offi- 
cial source of ephedrine is the plant Ephedra 
siniea Stapf. and Ephedra equisetina Bunger. 
and other species which are indigenous to 
China. E. gerardiana Wall, and E. nehroden- 
sis Tineo also contain the alkaloid and these 
plants are indigenous to India both in North- 
west Himalayas and in the Sikkim area. 
Many species of epffiedra grow in Northern 
India, e.g. in Bushahr Division, Chakrata, 
Kangra,Kulu, Baluchistan, Kashmir, Hazara* 
Kagan, Trans-Frontier territory and Wa- 
zirastan. Specimens from various places 



16 


JOU3RNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [Vol. VIII, No. 1 


•have been analysed and it has been shown 
that ephedras growing in the drier regions of 
North-west India contain a high percentage 
of alkaloids ; in many cases higher than the 
alkaloidal contents of the Chinese species 
recorded by Read and FengC Among the 
Indian species E. nehrodensis is the richest 
and E. intermedia the poorest so far as its 
ephedrine content is concerned. The Indian 
species also contain a larger percentage of 
pseudo-ephedrine than those growing in 
China. 

In the present political set up of the 
country, India has limited sources of ephedra 
falling short of estimated requirements. 
Ephedra grows in the proximity of Kashmir 
valley only in very small quantities. It is, 
therefore, necessary either to extend its 
cultivation in the areas where it is known 
to grow, or to introduce it into suitable 
localities in Northern Himalayas where the 
plant is reported to be growing in a state of 
nature. 

14, Eugenia aromatica ( Linn. ) Baill. 
( Clove ) — The dried flower buds of this 
plant are known as “ Clove ". It is an ever- 
green tree indigenous to Malacca Islands 
and is cultivated in Zanzibar, Pemba, the 
Amboyan Islands, Penang, Madagascar and, 
to a lesser degree, in the Seychelles, Reunion, 
Mauritus and Ceylon. The plant has been 
cultivated in Government gardens in South 
India and Central Travancore with success®. 

Cloves are aromatic, stimulant and carmi- 
native and are largely used in medicine and 
as a spice and flavouring agent also. They 
are used in perfumery and in the manufacture 
of “ Vanillin The demand for clove oil 
has increased, particularly, for aromatizing 
cigarette tobacco. 90 per cent of the world 
supply of cloves is obtained from two is- 
lands, Zanzibar and Pemba, where it forms 
the chief industry. India is one of the most 
important consumer of cloves and large 
quantities of clove oil are imported into 
India annually. The tree thrives in tropical 
climate and prefers volcanic soil in a sloping 
position and a certain amount of sand. It 
thrives in places with an annual rainfall of 
about IS" or more^^. There is no reason 
why clove plantations should not flourish 
in South India if systematic cultivation is 
undertaken on scientific lines. 

15. Eucalyptus — There are about 25 sp)ecies 
of eucalyptus which yield the oil of commerce, 
chief amongst which oxo E, globulus Labill. 
and E. dumosa A. Cunn. Australia may be 
said to be the home of eucalyptus inasmuch 


as it comprises 75 per cent of the vegetation 
of that continent. Eucalyptus oil is distilled 
from the fresh leaves and terminal branches 
of the tree and is an important article of 
commerce in this country. Large quantities 
of the oil are employed in scenting soaps 
and also in separating mineral sulphides 
from their ores by flotation. The oil is 
used in medicine for its powerful antiseptic 
and disinfectant properties. Of the consti- 
tuents of the oil cineole ( eucalyptol ) is the 
most important ingredient from the 
medicinal point of view. 

Eucalyptus trees are not indigenous to 
India but many species are grown in the 
Nilgiris. The tree is valuable on account 
of the essential oil and the dye, perfumes 
and kino which originate from it and these 
are all very valuable products. Attempts 
have been made during the last 50 years 
to cultivate it in many parts of the globe, 
e.g. California, Spain, South Africa, Algeria, 
East Africa, Mauritania, Java, Malaya. In 
India Eucalyptus was introduced before 1870 
and the most successful results were obtained 
on the Nilgiri Hills where at present there 
are several large plantations covering an 
area of over 2,000 acres at altitudes of 4,000' 
to 8,000'. About 24,000 lb. of oil is distilled 
annually from these plantations which 
is not even a fraction of what the country 
needs. Large quantities are, therefore, im- 
ported. 

The oil obtained from the leaves growing 
in the Nilgiri plantations was studied by 
Puran Singh^®. It contains pincne, cineole, 
sesquiterpene and free alcohols in small 
amount. Phellandrene is pre.sent in the 
Australian oil in fair quantity ; it is very 
irritating to the bronchial mucosa, especial- 
ly when inhaled. Butyric and valerianic 
^dehydes also are present in the Austra- 
lian oil. Both these constituents are absent 
from the Indian oil and, therefore, it should 
be preferred for medicinal purposes. The 
constants of the oil are : specific gravity, 
0*9065 to 0*9155 ; optical rotation, -f-5° to 
10°; refractive index, 1*463 to 1*466; 
saponification value, 8*9 to 20 ; cineole 60 
per cent. 

The properties of the Indian oil compare 
favourably with the standards laid down in 
the British Pharmacopoeia, and the medical 
department of the Madras Government 
has used the Nilgiri oil with satisfactory 
results. 

In Dehra Dun E, terebaormis and E, 
creebra have been cultivated, but the oil 
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obtained from their leaves does not come 
up to the standard of the British Pharma- 
copoeia and is not used in medicine. It 
is, therefore, important to cultivate the 
proper species, and if this is done, there 
would be a large demand for this oil in the 
country. Extensive trials in the culti- 
vation of Eucalyptus were carried out in 
various places in Northern India, i.e. 
Saharanpur, Lucknow, Kulu, Kangra val- 
ley, Chamba and Ranikhet^. As a result 
of these trials the places most suited for the 
cultivation of E. globulus in Northern India 
have been found to be Ranikhet, Kangra, 
Kulu and Chamba, and economic propa- 
gation of the j)lant can be undertaken in 
these localities. 

16. ( Ay cyrr hi za glabra Linn. ( Li(|uorice ) — 
Liquorice is cultivated in Italy, France, 
Germany, China, Siberia, Asia Minor and 
Turkistan. It grows in the Andamans 
and other places but the main bulk of the 
drug is imported into India from the 
Persian Gulf, Asia Minor and Siberia, 

Preparations of li(]uorice are popular in 
Western medicine as a mild laxative and 
in the treatment of cough. It is used as 
a basis for throat lozenges and for con- 
cealing the acrid taste of many nauseating 
medicines. It is also used in the indigenous 
medicine. 

The plant is eas\' to grow in river valleys 
in a warm climate and recpiires a deep and 
moderately rich Ioann’ soil. Experimental 
cultivation was undertaken in the forest 
nurserx’ at Haramulla at an altitude of 
5,500' above sea le^’el in Kashmir and also 
at the Indian Institute of Agricultural 
Research, New Delhi with success. It will 
grow well in the temperate regions of the 
Himalayas, e.g. Himachal Pradesh and in 
the hill districts of South India. 

17. Hyoscyamus niger Linn. ( Henbane ) — 
It is a well-known medicinal plant which is 
extensively used for its sedativ’e and other 
properties. It grows wild at an altitude 
of 5,000' to 9,000' in the temperate Hima- 
layas. The supply of the drug from the 
wild plants is insufiicieiit and irregular, 
and the need for its cultivation has been 
recognized since 1839. It was successfully 
grown at the Royal Botanical (jardens, Cal- 
cutta, Lyallpur, Saharanpur, Agra, Ajmer 
and Bombay, but the alkaloidal content was 
found to be low and the drug did not come 
up to the standard required by the British 
Pharmacopoeia ; the cultivation of the plant 
thus dwindled down. The warm climate 


of Saharanpur and other places was entirely 
different from that which the plants enjoy 
in a state of nature‘s. 

Hyoscyamus grows wild throughout the 
Kashmir valley. Its experimental cultiva- 
tion was started at suitable places at Yarikah 
and Drang forest nurseries in Kashmir, 7,000' 
above sea level. An analysis of the hyoscya- 
mus leaves collected from the wild and 
cultivated plants from the Kashmir valley 
showed that they contained 0-071 and 0*079 
per cent total alkaloids as compared to 0*035 
per cent contained in leaves of ultivated 
plants from Saharanpur^. 

The results of artificial propagation in 
Kashmir are encouraging and the Forest 
Department of Kashmir is planning to extend 
the cultivation of the drug at suitable 
altitudes. Attempts to cultivate the plant in 
other places in the Himalayas such as Kulu 
\'alle\ and Simla Hills need attention. 

H. muticus Linn. The leaves of Hyos- 
cvamiis muticus Linn, contain a higher 
percentage of total alkaloids than H. niger. 
The plant is not indigenous to India but can 
be successfully propagated under the climatic 
conditions suitable for H. niger. In fact, 
successful experimental cultivation oi H. 
muticus has been reported from various 
places, i.e. Saharanpur, Lyallpur. Seeds of 
H. muticus have been tried in the nurseries 
of the Forest Department of Kashmir with 
success. 

18. Hvssopiis o(}icinalis Linn. — Hyssopus 
officinalis is indigenous to countries border- 
ing the Mediterranean Sea and also in Central 
and Eastern Europe. In India the plant 
grows wild in the Western Himalayas at 
altitudes ranging from 8,000' to 10,000' from 
Kashmir to Kumaon. The leaves of the 
plant are used for flavouring purposes and it 
is said to be an ingredient of some of the 
French liquors. The collection of the plant 
from natural occurrences is not easy, and it 
would be worthwhile cultivating the plant 
in suitable places. The plant has been 
successfully raised in the forest nursery at 
Baramulla at 5,500'. The fresh and dry 
herbs collected from the nursery, on steam 
distillation, gave the following results^ . 

Local product Foreign product 

Ercsli l)r\’ I^resh Dry 

Oil yield, 0-36 0 7 () 07-0-39 0-3-0'9 

Sp. gr. of 

oil, 15 C. 0 9375 0 9270-0-9450 

Kef. index of 

oil, 20X. 


1-4778 


1 4730-1-4860 
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The cultivation of the plant can be ex- 
tended in Kashmir and other regions of the 
temp)erate Himalayas such as Himachal 
Pradesh, Kulu, Kangra valley and other 
places with altitudes of 4,000' to 6,000'. 

19. Ipomoea purga Hayne — It is a climb- 
ing plant indigenous to the eastern slopes of 
Mexican Andes. The dried tubers of the 
plant are known as jalap and are extensively 
used as a purgative in medicine. 

It has been observed that the resinous 
substance obtained from the root of I . turpe- 
thum forms an excellent substitute for the 
official drug. The plant grows throughout 
India up to an altitude of 3,000'. The local 
supply is limited and large quantities of 
jalap are imported from abroad. 

The cultivation of the plant was tried in 
Bengal and the Nilgiris as long ago as 1870. 
Though tl^e experimental cultivation was not 
successful in Bengal, it gave very good results 
in the Nilgiris. Since then it has been culti- 
vated on a commercial scale in Ootacamund 
and other parts of the Madras Presidency by 
Government and private agencies. Locally 
grown jalap tubers when extracted after 4-5 
years weighed from 5 to 10 lb. and on analysis 
were found to be as rich in the purgative 
principles as the best imported tubers from 
America. 

There is a great demand for this drug in 
India, and its further propagation can be 
taken up in areas where potatoes flourish. 
It has been observed that conditions neces- 
sary for potato cultivation are equally suit- 
able for jalap cultivation. The cultivation 
of this plant could be tried in the Eastern 
Himalayas at an altitude of 3,000' to 6,000' 
in Himachal Pradesh where potato is culti- 
vated on an extensive scale and forms the 
major cash crop. 

20. Lavandula officinalis Chaix ( Laven- 
der ) — The plant is a native of South Europe 
and grows on the shores of the Mediterranean 
Sea extending into Western Africa. It is 
extensively cultivated in England and U.S.A. 
Lavender oil is a constituent of a large number 
of pharmaceutical preparations and is exten- 
sively used in perfumery. It is not indige- 
nous to India and the entire quantity 
of about 1288 gallons valued at more than 
a lakh of rupees is imported from abroad 
annually. 

Experimental cultivation of the plant in 
the Government Botanical Gardens in the 
Nilgiris has not given very promising results. 
It has been successfully gibwn in the forest 
^ nurseries at Baramulla and Chattarnar in 


Kashmir valley at altitudes of 5,500' above 
sea level. 

The analytical data of the oil obtained 
from the Kashmir plants are comparable to 
those of the English oil : 


Yield of oil, % 

Sp. gr., 15X. 
% of ester 


Local grown 
2-4 ( dry 
flowers ) 
0*919 
24*8 


English 
0*8-1 -7 (fresh 
flowers ) 
0-882-0-90 
7-14 


Large-scale cultivation of the plant such as 
is being planned by the Forest Department 
in Kashmir will be a commercial success. 
The plant should also do well in the Northern 
Himalayas, e.g. Simla Hills. There is a 
large demand for this oil in the soap industry. 

21. Lobelia inflata Linn. (Lobelia ) — 
Lobelia consists of the dried aerial parts of 
Lobelia inflata which is an erect herb 
indigenous to and also cultivated in the 
Eastern States of America. It is used as an 
expectorant and in the treatment of chronic 
bronchitis. 

The plant does not grow in India but an 
allied species L. nicotianifolia Heyne grows 
in a state of nature in South India and 
Bombay and has been used as a substitute 
for L. mflata. Samples of Lobelia nicotia^ii’ 
folia collected in October and November 
from various parts in India, i.&. Poona, 
Madras, Tellicherry, etc., show that the 
Indian drug is even better than the official 
variety in so far as active principles are 
concerned. The lobeline content of the drug 
is 4 times as high ( 1-8 per cent ) as that of 
an authentic sample of L. inflata obtained 
from New York. The lobeline content of 
the drug collected in the rainy season is low. 
Properly collected specimens should consist 
of flowering tops, slender stems and leaves^®. 

Clinical trials of an ethereal tincture of 
L. nicotianifolia f>repared according to the 
B.P. method showed it to be as effective as 
the official preparation. 

There is room for the systematic cultiva- 
tion of L. nicotianifolia in this country, and 
steps should be taken to introduce L. inflata 
which may well be tried in the Nilgiris and 
Travancore hills at altitudes of 3,000' to 
7,000'. The plant thrives well in the Eastern 
Himalayas, Malabar, in the Ghat regions of 
Bombay and in Bangalore. There is a fair 
demand for this drug^ 

22. Mentha species : Mentha pulegium 
( Pennyroyal ) — The plant is indigenous to 
most parts of Europe including the United 
Kingdom, Chilie, and many other places with 
temperate climate. Pennyroyal oil is used 
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in considerable quantities in perfumery and 
soap making. M. pulegium is not indigenous 
to India, but has been successfully cultivated 
at*the forest nursery at Baramulla (Kashmir). 
The essential oil obtained by steam distil- 
lation from the dry leaves of the locally-grown 
plants gave the following result on analysis : 

Local Mediterranean 

Yield of oil, % 2 3 

Sp. gr.. 15X. 0-89 0-93-0-95 

Ref. index. 20X. 1483 1-483-1 '486 

The cultivation of this plant can be carried 
out successfully at altitudes ranging from 
4,000' to 6,000'. 'I'iiere is a large demand 
for this oil from the soap industry. 

Mentha piperita Linn. — This plant is 
cultivated on an extensive scale in North 
America, Germany, France and England. 
The leaves collected during budding and 
flowering stages of the plant are used 
for the distillation of volatile oil and manu- 
facture of menthol. The essential oil ob- 
tained by distillation of the flowering tops 
and leaves of the plant is largely used as a 
stimulant, anti-spasrnodic and as flavouring 
agent in confectionary. This plant is not 
indigenous to India but was experimentally 
cultivated in the Nilgiris in 1881 with some 
success. Experimental cultivation of the 
plant has also been carried out in Mysore 
State and at the Forest Research Institute, 
Dehra Dun, but no analytical data are avail- 
able. Recently the plants were raised suc- 
cessfully from suckers in the forest nursery 
at Baramulla at an altitude of 5,500'. The 
dried flowering tops and leaves of the plants 
were steam distilled and 0-71 per cent of 
essential oil was obtained as against 0-7 to T5 
per cent reported from plants grown in 
England and Russia^. There is considerable 
scope for the cultivation of this plant in 
suitable localities in India. 

Mentha arvensis Linn. — This plant w’hich 
yields the' Japanese mint oil, occurs abun- 
dantly in Kashmir in a state of nature. The 
plant yielded 0*45 per cent essential oil but 
no crystals of menthol separated out when 
it was allowed to stand at OX. The essential 
oil as obtained from the wild plant did not 
come up to the standard laid down in the 
British Pharmacopoeia^. 

Peppermint oil has a fairly large demand in 
India and in the foreign markets. India 
imported about 2,000 gallons of the oil 
annually during the pre-war period but much 
larger quantities are now in demand. By 
systematic cultivation in appropriate places 


plants which will yield oil of the required 
quality can be grown. Trial cultivation is 
recommended in temperate Himalayan tracts 
at altitudes of 4,000' to 5,000'. 

23. Oka europoea Linn. — This is a small 
tree cultivated in France, Spain and in other 
countries bordering on the Mediterranean 
Sea and also in California and South Australia. 
The ripe fruits of the tree are used for express- 
ing the oil. The plant is not indigenous to 
India but some species of Oka grow in certain 
parts of this country, and it would be interest- 
ing to study if the oil extrr ted from the 
fruits of these species come up to the official 
standards. 

Attempts to cultivate Oka europoea in 
many parts of India were made long ago, 
but met with little success. The trees were 
raised as early as 1800 in the botanical 
gardens at Bombay, Calcutta, and at Govern- 
ment gardens in Bangalore. The trees 
attained normal height at all these places, 
but did not either bear fruits or the fruits 
did not mature. Plantations were also 
started in Kashmir State and fruited well 
but unfortunately the study was not pursued. 
The cultivation of this p>lant should be taken 
up again in suitable localities in the Hima- 
layas. No experimental work has been so 
far carried out on grafting the European 
olive on the wild olive tree of India. This 
may be tried in Kashmir, Himachal Pradesh, 
etc' Tlie p>lant should be manured in the 
same way as is done in Australia and Europe. 

24. Primus serotina Ehrh. ( Wild cherry ) — 
This tree is widely distributed over North 
America particularly in Northern Central 
States. Its bark is collected in the autumn, 
preferably from young stems and branches. 
Preparation from the wild cherry bark are 
used to relieve cough in phthisis, bronchitis, 
etc. This pflant is not indigenous to India, 
but several other sp:>ecies of Prunus grow wild 
in Kashmir and the Himalayas and some are 
cultivated for their fruits. Investigations 
have shown that the bark from these species 
cannot be substituted for the official drug^L 

The official plant may well be introduced 
for cultivation in Kashmir, Kulu, Sin\la 
Hills and such other places where the species 
of Prunus are either growing wild or are 
cultivated. The demand for the bark is not 
very large. 

25. Piper cuheha Linn. /. ( Cubebs ) — This . 
plant is a native of Java, Sumatra and the 
Malayan Archipelego. The fruits are com- 
monly known as cubebs and are generally used 
in the- treatment of genito-urinary diseases 
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and as a condiment. Large quantities of 
cubebs are imported into India from Singa- 
pore. 

The plant was grown successfully on an 
experimental scale in Mysore State. The oil 
distilled from the cubebs was studied by Rao, 
Sudborough and Watson^® with the follow- 
ing results : 


Yield of oil, % 1 1 -85 

Sp. gravity 0 91 67 

Optical rotation —29-9"’ 

Refractive index 1 4894 

Saponification value 0 5 


Saponification vilue after acetylation 241 

The data reveal that it should be possible 
to grow cubebs of good quality in Mysore. 
Its cultivation may be encouraged in places 
with warm and moderately moist climates 
such as those occurring in parts of Tra van- 
core, Bombay and Bengal. 

26, Rhamnus purshiana DC. ( Cascara 
sagrada ) — The dried bark of this plant 
collected at least one year before use is 
known as Cascara sagrada. Large quantities 
of the bark, its preparations and its active 
principle, emodine, are imported into India. 
The plant grows in North California, Oregon, 
Washington, and British Columbia. It is a 
non-irritating mild laxative. 

Rhamnus purshiana is not indigenous to 
India but a number of species of Rhamnus 
grow wild in this country. R. vir gains Roxb. 
is one such species which grows in Kashmir 
and is used as a purgative ii^ indigenous 
medicine. The bark of this species was 
investigated both chemically and biologically 
in order to see if it could be substituted for 
the official bark. Although the active 
principles were present, the bark did not 
come up to the standard of the British Phar- 
macopoeia. Other species are being investiga- 
ted to determine if any of them could form a 
suitable substitute. The cultivation of R. 
purshiana is worth trying in temperate 
Himalayas and other regions with moderate 
rainfall, i.e. Kashmir, Bhutan, Garhwal, 
and Nilgiris at altitudes of 2,000' to 5,000', 
particularly in areas where the other species 
of Rhamnus are growing in a state of nature. 

27. Rosmarinus officinalis Linn. ( Rose- 
mary ) — It is an evergreen shrub indigenous 
to Southern Europe where it grows abun- 
dantly in dry rocky hills in the proximity of 

. the Mediterranean Sea. The flowering tops 
of the plant are distilled to yield the oil of 
rosemary. The oil is imported from south of 
France and the Dalmation Islands. It has 
carminati>jg properties and is employed 


principally as sprititus rosmarinus and in hair 
lotions. In India the plant has been culti- 
vated as an ornamental plant in gardens in 
a number of places. Its cultivation may 
well be tried in the plains with equitable 
climate, and it is likely to do better in tem- 
perate Himalayas with dry to moderately 
moist climates. 

28. Strophanthus komhe Oliver — This is 
an important cardiac tonic drug of the British 
Pharmacopoeia. The plant is a native of the 
African coast, and India imports large quan- 
tities of its preparations every year. At 
least 5 species of Strophanthus are indigenous 
to the tropical regions of India and the 
Malayan peninsula, but so far no attempt 
has been made to find out the strophanthine 
content of these species in order to see if they 
might substitute the imported variety. 
Strophanthus cultivation would not be diffi- 
cult under conditions existing in India, 
and it has been tried experimentally with 
some degree of success in the Royal Botanical 
Gardens, Calcutta. An investigation into 
the possibilities of its cultivation in India 
would be of interest to drug manufacturers. 

Some of the Strophanthus species grow in 
Travancore, Malabar and Khasi areas. Stro- 
phanthus komhe is likely to do well in the 
drier regions of Southern India. 

29. Theobroma cacao Linn. — This tree is 
a native of tropical America and is cultivated 
in most tropical countries. The seeds are 
used to extract the oil of theobroma and for 
the preparation of cocoa powder and choco- 
late. The bulk of the seed is imported from 
the West coast of Africa, Ecuador and Brazil. 

T. cacoa flourishes in a hot and moist 
climate ; the young plants must, however, be 
shaded and well watered. Though not a 
native of India, it has long been grown in 
South India and there appears to be no 
reason why its cultivation should not be 
extended in suitable places in South India. 

30. Styrax benzoin Dryand — Benzoin is 
the balsamic resin obtained from the incised 
stem of Styrax benzoin. It is extensively 
used as an antiseptic for cuts and wounds, 
and as an inhalent in chronic inflammation of 
mucous membranes especially of the respira- 
tory tract.. There is a fairly large demand 
for this drug in India. 

The plant was successfully cultivated in 
the Government Gardens, Bangalore and will 
probably do well in South India. There are 
several other species of Styrax which are 
indigenous to India ; some grow in Bhutan, 
Nepal and Sikkim. Attempts are being 
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made to procure resins from these species 
and examine their constituents. Cultiva- 
tion of Styrax benzoin may be experimentally 
tried in these localities and also in South 
India where the other species of this plant 
grow in a state of nature. 

31, Valeriana — The rhizome and root of 
Valeriana officinalis Linn, collected in the 
autumn and dried slowly constitute this 
drug. The herb grows in a state of nature, 
and it is also cultivated. There are two 
varieties, Valeriana officinalis var. Mikanii 
Syme and V. officinalis var. sambucifolia 
Mikan. The former variety is found wild on 
the dry calcareous heaths and pastures of 
Derbyshire in England. The drug is culti- 
vated in Belgium, Holland and France. 

A number of species of valerian such as 
V. hardwickii Wall, and V . wallichi DC. grow 
wild in temperate Himalayas. They grow 
abundantly in mountainous ranges from 
Kashmir to Bhutan. The plant V. offici- 
nalis Linn, is also found in the north of 
Kashmir at an altitude of 8,000' but it is not 
so common as the other species. 

Indian valerian roots have been recom- 
mended for use in the pharmaceutical pre- 
parations. Valerian is priced in medicine on 
account of its essential oil. An average 
specimen yields 0-5 to 0-9 per cent of the oil 
but the yield varies according to the locality 
and the season of collection. The demand for 
valerian has recently been on the increase as 
it has been found useful in the treatment of 
shell shock. 

The collection of valerian from inaccessible 
places where it grows in a state of nature 
is difficult. The cultivation on scientific 
lines should be taken up in the temperate 
Himalayas. The drug of standard quality 
can be ensured by selection of the proper 
species, careful collection, curing and 
storage. 


There are other less important medicinal 
plants which do not grow in India but are 
annually imported into this country. Among 
them are : Physostigma renenosum Balfour 
which yields physostigmin salicylate of 
British Pharmacopoeia ; Pilocarpus micro- 
phyllus Stapf . which is the source of pilocarpin 
nitrate ; Myroxylon toluiferra H.B. & K. and 
M. pereirae ( Royle ) Klotzsch which are the 
sources of balsam of tolu and balsam ol 
Peru respectively and many others. 

A planned programme for the cultivation 
of drug plants should be iken up by a 
Governmeni sponsored agency such as the 
Bureau of Plant Industry. If this work is 
taken up in a systematic manner, India 
will not only become self-sufficient so far 
as supply of crude drugs is concerned, but 
she will also be able to produce these drugs 
in sufficient quantities for export. 

We are grateful to Mr. S. C. Sen, Quino- 
logist to the Government of India, for the 
valuable information on Cinchona and 
Ipecacuanha; to Mr. M. K. Thomas, Myco- 
logist, for the valuable information on Ergot 
production in Madras. 
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REVIEWS 


Currents in Aerials and High Frequency 
Networks, by F. B. Pidduck ( Oxford 
University Press, Bombay), 1946, pp. 
iii+97. 

The book aims at giving a brief but 
generalized survey of the behaviour of 
electrical systems at radio frequencies. It 
is in essence an extension of Murray’s theory 
and carries the investigation into the field 
of jointed networks and several other allied 
circuits. 

It opens with an introduction to the 
subject starting from Maxwell’s generalized 
electro-magnetic equations, and is followed 
by a summary of the theories of Pocklington 
and Murray. The fundamental E.M.F. 
equation for a conductor in a system of 
(c-fl) conductors with arbitrary voltages 
applied to them is found to be 
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mutual impedances of 
the an(^i;^^ aerials. 


These expressions form the basis for the 
solution of all the problems considered in 
the book. The case of a single wire is treated 
by considering the charge on its surface to 
be equivalent to two parallel line charges, 
one along the axis and the other along the 
length. A number of systems are analysed 
including skew aerials, parallel aerials, loaded 
aerials, aerials above the ground, Lecher 
wires, loops, etc. The last article of the 
book contains a theory of diffraction derived 
from the above view'-point. A very useful 
list of mathematical tables at the end gives 
values of the exponential integrals used in 
the body of the book for various calculations. 

From the mathematician’s view, the book 
is a well- writ ten monograph on high frequency 
phenomena as far as it goes. The style is 
somewhat terse but most of the calculations 
are neatly made and detailed work is not 
included. A few of the minor gaps in the 
derivations are left to the reader to fill in. 
This detracts little from the value of the 
book. 

It is when we come to the practical 
engineer’s needs, that the book loses some 
of its utility. An average engineer will 
find the book difficult to follow. Many 
of the calculations and formulae ha,ve 
not been adequately explained physically. 
We have the case, for example, of the 

uv 

fundamental expression for The de- 

finitions of pL, o,m and n would lead us to de- 
fine this expression as the mutual impedance 

between the harmonic of the aerial 

and the harmonic of the aerial. 
This is in itself obscure, but when we enter 

into the domain of ^ etc., the 

—m, ~n ’ -m ,n 

impedances lose all physical reality and 
become mere mathematical symbols. 

The book does not offer much help in the 
solution of the daily problems of the engi- 
neer. Only special ca.ses are treated and 
they are of limited scope ; too much 
insistence has been placed on resonant 
lengths. The behaviour of systems at non- 
resonant lengths, the variation, for example, 
of impedance and response of aerials as the 
frequency is altered, is not to be found in 
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the book. One or two interesting points 
are: (a) the determination of the physical 
length of the resonant dipole and how this 
depends on the thickness of the conductor ; 
(b) the optimum length across which an 
untuned feeder should be attached to drive 
a half-wave aerial for maximum transfer 
of power. The current in a receiving 
resonant dipole has been shown to contain 
third and hfth harmonic components when 
it is excited by a wave of the fundamental 
frequency. It is, lu^wever, not understood 
how, in a linear network, third and hfth 
harmonics can be generated when the excit- 
ing voltage does not contain any of them. 
It has not been explained whether this 
would apply to a transmitting antenna too. 

The printing and other features of the 
book leave nothing to be desired. There is 
only one error that is noticeable, — the 
summation in ecpiation (16) p. 1 1 should 
be from c to t and not from 1 to t. 
On the whole, the book is a useful and 
concise mathematical treatment of the 
limited problems it seeks to solve. 

X. L. S. & J. P. 

Chemical Engineering Economics, by 

Chaplin Tyler ( McGraw-Hill Book ('o. 

Inc., New York), 1948, 3rd edition, pp. 

ix4 321. Price $ 4-()0. 

The hook dk.xls vvrni the applic ation of 
economic aspects of chemical engineering to 
the development of chemical industries. 
Wdiile a sound knowledge of the principles of 
chemical engineering is necessary for the 
proper design and operation of individual 
plant units, for the successful formulation 
and development of an integrated industry 
comprising a number of units, it is necessary 
to consider also other divTrse aspects which 
are normally outside the scope of chemical 
engineering and to supplement such technical 
knowledge with additional study of a number 
of allied subjects. Full appreciation of the 
basic principles of all such subjects is required 
to build up sound practical chemical engineer- 
ing and the author of this book has done a 
great service to the profession by publishing 
this book. In the present edition the author 
has laid particular emphasis on a number 
of economic aspects which had not been 
dealt with by him in the earlier editions, 
and the book has been almost completely 
re-written. 

Although the outlook of the author is main- 
ly American and conclusions are drawn from 


experience of operations on scales very much 
larger than those in vogue in our country, 
nevertheless the information is extremely 
stimulating and should considerably help 
our industrial chemists and chemical engineers 
in apf)reciating all the basic factors required 
in the planning and organization of new 
chemical ventures. 

In the chapter on “ Research and Develop- 
ment interesting figures have been giv( n 
in regard to the prf*portion of expenditure 
for different stages in the formulation of new 
projects and they should ’ ‘ eye-openers to 
many of cm industrialists ; for, there an^ 
instances when research and development 
expenses may comprise 25 tr) 60 per cent of 
the total capital needed for the development 
of a chemical project, although normally 
even in the case of big schemes it works out 
to 8 to 10 per cent. Importance of con- 
tinuous research and orderly development 
has also been correctly emphasized. 

The chapter on “ Plant Location " is highly 
informative, although we have to differ from 
the author in regard to some minor points. 
For instance, he mentions on page 52 : 

sometimes cost of available skilled labour 
is so high that a manufacturer can afford 
to train unskilled workers, thus meeting 
his needs at lower costs While this may 
be true for a short period till the unskilled 
workers get trained up and realize the extent 
of their contribution to the success of the 
industry, immediately after this stage is 
reached, the unskilled workers trained at 
the cost of the factory will not be less 
discontent than the directly recruited skilled 
labour. We are sure that this is not merely 
our experience in India but true all over the 
world. 

The data of process ecjuipment costs given 
in the book are up to date and should enable 
us to evaluate the cost of equipment under 
])resent-day conditions fairly accurately. 

The chapter on “ Plant Design " is a brief 
review only of the economical aspects of 
design, and for detailed technical information 
one has to look for special treatises. 

The treatment of “ Heat and Power is 
extremely interesting and gives a general 
insight into the importance this aspect plays 
in the proper organization of a factory. 

The later chapters on plant operation and 
control, cost accounting, market develop- 
ment, research and management are those 
which we recommend to be read by every 
technical and business man in our country 
who has anything to do with the manufacture 
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and sale of chemicals. They deal with 
aspects which so far are very little appreciated 
even by some responsible persons who are 
today planning the development of chemical 
industries in India, and a proper considera- 
tion of the contents of these chapters will go 
a long way to helping the development of 
the Indian chemical industry on rational 
lines. 

The estimates of cost of equipment and 
cost of production so often given by some 
research workers in India are extremely 
misleading and we earnestly request them 
to go through this valuable book minutely. 

There are a few minor printing errors 
which, however, do not lessen the value of 
the book in any way. 

We recommend this book for the intensive 
study of not only industrial chemists and 
chemical engineers, but also by business 
executives and research workers who have 
anything to do with chemical industry. 

A. N. Rao 

Modern Colloids, by Robert B. Dean 
■ ( D. Van Nostrand Company Inc., New 

York ; Macmillan & Co. Ltd., London ), 

1948, pp. xi-j-303. Price $3.75 or 21s. net. 

The rapidly increasing volume of diverse 
data and original papers characteristic of 
the recent developments in colloid behaviour 
has emphasized the need for a general review 
of the fundamentals of the subject with its 
recent trends of growth and applications. 
Professor Dean’s “Modern Colloids” is, from 
this point, a welcome addition to colloid 
literature. The author presents a coherent 
and succinct review of the important work on 
such varied topics as adsorption, high poly- 
mers, colloidal ions, foams suspensions and 
emulsions. Special emphasis has been laid 
on the applied aspects of the phenomena. 
The chapters on adsorption, ionic adsorption, 
and colloidal ions are particularly informative 
and represent about the latest position in 
the subject. Chapters on high polymers, 
plastics, resins and rubber constitute a spe- 
cially attractive feature of this book, of 
marked interest alike to research workers 
and students of general science. One would 
have, however, welcomed more information 
on the physicb-ishemical aspects of these 
topics. 

The book as a whole makes very interesting 
reading. The numerous illustrations and 
particularly the molecular ihodels greatly 
enhance the readability of the material. 
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Workers in physical chemistry in general, 
and in colloid chemistry in particular, will be 
grateful to Professor Dean for providing an 
up-to-date account of the physics and che- 
mistry of colloids. 

S. S. JOSHI 

Fundamentals of Vibration Study, by 

R. G. Manley ( Chapman & Hall Ltd., 
London), 1948, 2nd edition, revised, 
pp. xvi-j-156. Price 155. net. 

The first edition of this book was 
reviewed in this Journal in its issue of June 
1944. In the second edition no fresh matter 
has been added, because the fundamentals 
of various kinds of vibration systems had 
been clearly explained in the first edition. 
The introduction of “ Introductory ” and 
“ Summary ” sections in each chapter are 
helpful additions for the study of the subject- 
matter. Two further appendices giving 
some applications of the theory to the solu- 
tion of the simpler practical problems and 
tables of some of the quantities commonly 
used in vibration calculations have, no doubt, 
enhanced the value of this edition. 

The book will prove a valuable addition 
to the technical library of an engineer. 

K. B. K. R. 

Soil Erosion — Its Prevention and Con- 
trol ( Superintendent, Government Press, 
Madras), 1948, pp. xii-|-184. Price Rs. 6. 

This is a text-book on' soil erosion pub- 
lished by the Government of Madras for the 
use of departmental officers and for teaching 
the subject in the agricultural and forest 
colleges. It has been compiled by a commit- 
tee consisting of Heads of the Departments 
of Irrigation, Agriculture, Forest and Public 
Health, appointed by the Government of 
Madras. 

Erosion has been taking a heavy toll of 
the soil every year. The extent of its ravages 
can be judged from the vast tracts of lands 
that have gone out of cultivation and others 
whose potential fertility has been reduced 
to a very low level. The continued existence 
and prosperity of the country depends on 
its ability to maintain its productive agri- 
cultural land. TK^' control and prevention 
of soil erosion is, therefore, a subject of great 
national importance. The present compila- 
tion by experts on different aspects of soil 
conservation will go a long way to meet the 
demand for a good reference book for workers 
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in the field of soil conservation under Indian 
conditions as well as for a good text-book on 
soil erosion for use in agricultural and forest 
colleges. 

The book contains 18 chapters, 2 appen- 
dices, bibliography, glossary, index, and 
158 ill Listrat ions. 

The introductory chapter of the book 
deals with factors of soil formation, with a 
general historical account of soil erosion, and 
describes the problem of erosion in India in 
general and in Madras in particular. Chapter 
1 1 deals with the causes and results of soil 
erosion with interesting illustrations and 
examples from India and the United States of 
America. Chapter III deals with the chief 
causes of accelerated erosion in agricultural 
soils, such as intensity of rainfall on the 
catchment, size and sliape of the catchment, 
slope of the land, vegetation, etc., and the 
experimental technique used for the deter- 
mination of run off and soil losses. The next 
four chapters deal with the mechanical 
methods of erosion control such as contour 
bunding, contour trenching, terracing and 
contour ridging. Chapters VTII and IX deal 
with conservation of grass land and shifting 
cultivation on hill .slopes. Chapter X deals 
with the biological methods of control of 
erosion such as regulated forestry, regulated 
grazing, cover cropping, mixed farming, croj) 
rotations, strip cropping, etc., and the experi- 
mental results at the Sholapur and Bijapur 
farms in Bombay, and Hagari farm in 
Madras are enumerated. Chapter XI, XII 
and XIII deal with control of gullies, ('heck 
dams and jxTinanent soil-saving dams res- 
pectively. The material has been j)repared 
so that it may be used by individuals having 
a limited degree of engineering training and 
experience. Chapter XIV deals with the 
special use of vegetation in gully stabiliza- 
tion. Subsequent chapters deal with control 
of stream and river bank erosion, control of 
wind erosion, control of floods, and erosion 
in relation to the spread of malaria. The 
book ends with a map showing annual average 
rainfall in India and average monthly and 
annual rainfall of the Madras Presidency. 

The usefulness of the book has been en- 
hanced by the inclusion of good illustrative 
photographs. The get-up and print are 
attractive. 

A chapter might have been devoted to 
soil conservation survey and land use classi- 
fication which are very necessary before 
planning for maximum safe land use and for 
adopting wide-scale anti-erosion measures. 


This suggestion may be considered in revising 
the book for the second edition. Compara- 
tively greater emphasis has been laid on the 
engineering aspects of controlling soil erosion. 
It is suggested that the biological methods of 
controlling soil erosion may be described more 
fully in the next edition. 

The book is useful and a copy should be 
kept in the bookshelf of every worker engaged 
in soil conservation and general agricultural 
development. 

R. J. Kalamkar 

Kuchha Pucca Houses, by Dr. D. R. 

Dhingra & Shri S. N. Ghatak ( Harcourt 

Butler Technological Institute, Kanpur ), 
1948, pp. 21+9+ hi. 

This booklet published by the Harcourt 
Butley Technological Institute, Kanpur, gives 
an account of the work initiated by Pt. 
Keshao Deo Mala via. Development Minister, 
United Provinces, for developing a suitable 
stabilized mud plaster for the construction 
of low-cost houses for homeless millions. 

The chief ingredients of this plaster are 
pond clay containing about 55 per cent 
silica and 24 per cent sesquioxides, with a 
plasticity index of 25, mixed with urine- 
earth, molasses and fibre waste. The mass is 
allowed to ferment, with turnings, for a 
period of 30 days. The stabilizing property 
of the mud is attributed to the formation of 
a plastic mass similar to urea-aldehyde 
plastics. It is estimated that 100 cu. ft. of 
the mud would cost about Rs. 50. The 
booklet contains details for making the mud 
and the procedure for its use as a piaster. 
3 types of experimental houses have been 
constructed at the Institute costing ap- 
proximately Rs. 5,500, 2,000 and 1,250 
using the new plaster. An antiseptic spray 
containing kerosene, coal-tar, creosote and 
copper linoleate has been recommended to 
protect the wood-work from white ants. 
Details regarding the specifications, cost 
estimates and plans are given for each type 
of house. 

'fhe booklet also contains an addendum 
giving the results of further work on tKe 
plaster. In addition to the ingredients 
mentioned above, press mud from sugar 
factory waste and bagasse are added after 
fermentation to give a stronger plaster 
which, according to the authors, can replace 
the ordinary country tile roof. The process 
of manufacturing the mud plaster and 4ts 
use in building construction have been 
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illustrated by 36 photographs* Those en- 
gaged in building trade would find the 
booklet interesting. 

N. K. P. 

One Story of Radar, by A. P. Rowe 
( Cambridge University Press), 1948, pp. 
xii+208. Price 8s. bd. 

The book describes the growth, develop- 
ment and decay of the organization which 
was mainly responsible for the development 
of radar in the U.K. Mr. Rowe was with the 
T.R.E. ( The Telecommunications Research 
Establishment was a secret till the end of 
the war ) from the beginning, and his story 
is full of interest to both the scientist and the 
administrator. The author’s aim has been 
to use radar as an example of how scientific 
work could and should be organized. Much 
of the credit for the development of radar is 
due, as Lord Tedder says in his foreword, to 
men like Rowe and Tizard who created a 
real team without losing the spark of 
individual freedom. “ They and men like 
them set a pattern which is not only vital 
for our future security, but may well, 1 
suggest, be vital for the well-being of the 
world." 

The administrative story of the develop- 
ment of radar from the first experiments of 
Sir W. Watt in 1935 to the development of 
devices like I.F.F., Gee, H2S, and " the 
fantastic Oboe " by a team of physicists 
almost actively participating in the conduct 


of the war, makes very interesting reading. 
The more so on account of such thought- 
provoking statements as " Some genius has 
said, that victory goes to the side that gets 
most sleep ", " The better is the enemy of 
the good ", etc. - 

In all the advanced countries, including 
Germany, it was realized that the scientist 
should be free from all personal worries, 
even during a war, and be liberally supplied 
with the withals of research. In Germany, 
however, " the German Air Force ruled with 
harder rod the scientists who sought to serve 
them, and even at the end of the war the 
German Airborne Radar was a negligible 
factor ". At T.R.E. not only was a method 
evolved of " building and maintaining a 
team of the largest number of first rate 
physicists ever to work together in the 
country ", but due emphasis was laid on the 
fact that " what most puts a stamp upon a 
research establishment and gives it colour, 
is not its special organizational features but 
the kind of people it possesses at the upper 
levels of its structure ". The Sunday So- 
viets, the democratic organization of the 
Establishment, and the fact that Mr. Rowe 
would worry even about the laundry facilities 
of his staff, contributed much to what was 
T.R.E. Also the effect of high morale 
which success brings, was not negligible ; 
decay set in with the end of the era of 
spectacular achievements. 

B. N. vSingh 



Prefabricated Houses for India 


O NE of the most far-sighted moves within 
the Commonwealth in the held of prefabri- 
cated building has been made by the 
Mysore State (iovernment in India. 

At the invitation of the authorities there a 
British firm of engineers, Structural &' Mechanical 
Development Engineers Ltd., of Slough, sent a 
technician to Mysore to discuss the possibilities of 
installing plant for the inaio'-facture of houses. 

Aecomp)anying the hrm's technician was Mr. 
A. V. Hare, consulting architect, who carried out 
extensive investigation of local conditions, avail- 
ability of materials, costing, etc., and prepared 
designs based on the S.M.l). “ Alcrete cons- 

truction mt'thod. 

This work was carried out just over a year ago 
and the di'sigiis met with the approval of the 
Mysore (iovernment. An Indian cijmpany was 
then formed for the })roduction of “ Alcrete ” 
houses within the State. 

Help from U.K. 

S.M.l). Ltd. are supplying all engineering 
drawings, production details and have designed 
and laid out the necessary plant and factory for 
})roduction, including full specifications and details 
of s]x?cialist proce.s.ses. They are also supplying 
full architectural details — including the con- 
sultant architect’s advice throughout production - 
and any details for variations which may be pro- 
duced in this factory at a later stage. 

The firm are also providing to the Indian com- 
pany technical personn(‘l to assist firstly in instal- 
ling the plant and later sujiervision of production. 

The main part of tlu* liouse will be produced in 
India, using local materials. The exports from 
the V.K. will consist of the small amount of alumi- 
nium alloy framework and roof sheetings and. in 
addition, licences and technical .services for the 
production of the house and specialist proces.ses 
to be paid for on a royalty anti fee basis. 

When producing luiuses of this type, it is most 
essential that t'ach project should be specifically 
(lesignt'd for the particular country concerned, 
in f)rder that the scheme should be applicable in 
every way to local conditions. 

The “ Mysore ” house has been designed tt) 
give a higher standard of insulation than is 
normally available there at 5 to 10 per cent lower 



cost. Its design allow.s it to be proiiuced and 
erected by semi-skilled and unskilled local labour. 

Indian Government ’s Interest 

During the investigations in My. sore, the firm’s 
representatives were ably assisted by the State 
Architect, Dr. O, H. Koenigsbi rger. This project 
was then passed to the Government of India for 
their consideration. The Government of India 
have a vast programme for the provi on of houses 
throughout the whole of the country, and it was 
decided that they should co-opt Dr. Koenigsberger 
from Mysore State and depute him to \ isit Europe 
on behalf of the Government of India t(# investigate 
methods of prefabricated housing .'Uiitable for 
India and, particularly, the Alcrete Method of 
Construction. 

Dr. Koenigsberger visited Europe in June and 
July last year and carried out an extensive inva‘stiga- 
tion of the various methods and types of cons- 
truction, and reported to the authc^rities at New 
Delhi. Following this report, an agreement has 
been signed with S.M.l). (or a 12-year period for 
the provision of “ Alcrete ” houses for India. 

Six pairs of prototypes have been ordered to be 
manufactured and exported from the U.K., and 
it is the intention to commence work immediately 
on the installation of the first factory in New 
Delhi. This factory, which will cost approximately 
£150,000 { Rs. 19 '96 lacs ), will be equipped with 
machintry supplied from the U.K. for the manu- 
facture of 5,500 houses per year. The cost of 
each house will be just under /200 ( Rs. 2,662 ). 

The firm will supply all production details and 
will send to India an engineer to supervise the 
installation of the plant and the initial production, 
and also a Cement Technologist to supervise '^he 
production of the “ Foamed Concrete ” wall 
panels. 

This agreement covers an unstated number of 
factories, it being the eventual intention to have a 
number of production units each manufacturing 
5,500 houses per year scattered throughout the 
country. This method of construction, vvdiich is 
basically a method of manufacturing wall panels 
and roof panels, can be app)lied to various types of 
accommodation . 

First Project 

The first project is for a very small standard 
house similar to the standard of housing built in 
Mysore during the last 8 years, but this system of 
construction is equally suitable for various sizes 
of houses — two-storey houses, schools, hospitals, 
etc., — and it is hoped to combine this systen> of 
wall panels with a pre-stressed reinforced concrete 
frame for multi-storey buildings in areas of high 
land cost such as Bombay, etc. 

The accommodation provided per house is very 
small compared with Western standards, and com- 
prises two rooms — one 12' 6"XlO' and the other 
10' X 10' with a small kitchen and two verandahs, 
and an external latrine and a bathing place are 
provided in traditional construction. 

The houses, which were desigifed and planned 
in My.sore following the investigation of existing 
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buildings, are .naturally very simple and no internal 
fittings, plumbing, etc., £ire included. The prin- 
ciple is to provide in the first scheme a basic living 
unit which is ideally suited to mass production on 
a large scale at low costs. 

The Alcrete wall panels — 3' T wide X 10' high — 
are made of a light aluminium alloy frame into 
which is cast a chemically foamed concrete ; on 
to the external face of this is cast a skin of dense 
concrete and the whole is then cured in autoclaves. 
The internal wall face is finished in the factory 
with plaster, and the panel is, therefore, a completed 
unit requiring erection on site only. This V thick 
wall panel provides a higher standard of insulation 
than 14" of ordinary brickwork. 

The internal partitions are similar in construction 
to the wall panels ; the roof is made of an aluminium 
alloy girder supporting aluminium alloy corrugated 
sheeting which is liniid with insulating material 
the doors and window shutters are also made from 
aluminium alloy, faced internally with locally 
produced plywood or asbestos. 

Fruits of Research 

A considerable amount of research has been 
carried out by S.M.D. Ltd- during the past 3 years 
on the provision of a suitable method of construction 
for tropical countries — India in particular. 

The system of foamed concrete wall panels has 
\)een found ideally suitable. This light-weight 
material provides a high degree of thermal insula- 
tion, whilst the thickness of the panels can be 
varied for individual schemes to provide additional 
in.sulation, should this be required ; i.e. for India a 
V overall thick panel is provided, but if more 
stringent conditions were met, this could be 
increased. The roof also gives a high degree of 
insulation. This is provided by : (a) a glass 

silk blanket which is fixed between the alu- 
minium sheet and the plywood inner lining ; and 
(b) the reflectivity of the external aluminium 
sheet. 

It is often not fully appreciated the value which 
can be obtained by the reflectivity of aluminium 
sheet when used as a roof covering for hot countries. 
Aluminium possesses the highest reflectivity value 
of any of the metals and is .second only to silvered 
glass. 

The materials used, aluminium alloy and foamed 
concrete, are both permanent to a high degree and 
will withstand all kinds of climatic conditions, 
and attacks by vermin or insects, etc. 

Each country has its own special requirements 
as to size, shape, amenities, and wants buildings to 
suit local social conditions, etc. It is, therefore, 
necessary that each project should be started with a 


survey of local conditions and the house then 
designed specifically to suit the country or district, 
but fundamentally the same method of manufacture 
and production would apply. 

Constructor's Wide Experience 

The S.M.D. Ltd, provide a typical example of 
the type of organization in Britain which is pre- 
pared to initiate the production of prefabricated 
houses for interested overseas authorities. 

It is primarily a development organization — a 
subsidiary of Almin Ltd. (Associated Light Metal 
Industries ) — employing a team of mechanical 
engineers, structural engineers and research che- 
mists who have been responsible for completely 
new and original development in many spheres of 
industry. During the war these technicians de- 
signed and supervised the construction of many 
large chemical and metallurgical plants. 

In the po.st-war period probably their most 
notable project was the complete initial design, 
method of construction and development of insula- 
ting materials used in the Aluminium House for 
the U.K. Government. 

By far the most highly factory-prefabricated 
house in the world was produced by a group of 

5 large aircraft manufacturers, of which the Bristol 
Aeroplane Co. is the parent company. 

The project was sponsored by the Ministry of 
Supply, S.M.D. engineers being retained as 
consultants to the Ministry for this project and for 
prefabricated housing in general. The original 
order placed by the Government for this house 
was 54,000. Of the various prefabricated single- 
storey houses in England, the Aluminium type alone 
is now scheduled as a permanent house and the 
initial order was increased to 70,000 — the largest 
contract in the world for one type of housing. 

The S.M.D. are also manufacturing and exporting 
aluminium alloy " prefab " storage buildings 
( Alframe ) for the Groundnut Scheme in East 
Africa and various types of transportable buildings. 
Alframe buildings arc of 36' clear span to any 
length of a multiple of 9', and either 9' or 14' 6" in 
height to the eaves. 

These “ Alframe Storage Buildings ” are manu- 
factured in Britain and exported as simple units ; 
being constructed entirely of aluminium alloy 
they are extremely simple for erection. These 
buildings are also fully demountable without any 
new materials or fixings being required. They 
can be easily erected on a site, used for a period of 

6 months, or any number of years, and then de- 
mounted, transported to another site, erected 
and re-used. — ( Courtesy, British Information 
Services, New Delhi) 
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New Radio Isotopes 

2 IMPORTANT NEW RESEARCH AIDS, 

hydrogen-3 and helium-3, have 
been added to the radio isotopes 
distributed by the Atomic Energy 
Commission, and are available in 
limited quantities for research 
purposes. 

Hydrogen-3, also called tritium, 
is a radioactive gas with a half- 
life period of approximately 12 
years. As the only radioactive 
isotope of hydrogen, it should 
prove of special value as a tracer 
in medical, biological and chemi- 
cal research. Combined with oxy- 
gen it forms heavy water, a 
valuable research tool. Tritium 
is isolated after the bombardment 
of a lithium compound by slow 
neutrons in a nuclear chain- 
reacting pile, and helium-3 is 
obtained as the end product of 
the decay of radioactive tritium. 

Helium-3, a stable isotope, is 
only one-inillionth as abundant 
in nature as ordinary helium, 
and is expected to provide valu- 
able clues to the still largely 
unknown properties of the helium 
nucleus [Chern. Age, 1948, 59, 
513). 

Dielectric Lenses 

for Microwaves 

Artificial dielectric lenses 
for the development of an antenna 
capable of passing a very wide 
band of frequencies have been 
developed at tlie Be// Tc/ephone 
Laboratories ( Sci. Prog., 1948, 
36 , 715 ). This development will 
be of great value in the future 
when radio relay circuits make 
full use of the broad band widths 
available. 

Lenses made of dielectrics, 
such as polystyrene, had good 
focussing properties over very 
broad bands and were in many 
ways superior to the other types 
of antennae for concentrating the 
beam in the direction of the 
receiving station. Unfortunately, 
their great weight for 10' lenses 
precluded their adoption in place 
of metallic plate types. The re- 
cent development is the construc- 
tion of what might be termed a 
meta//ic die/ectric which possesses 
the same characteristics as a 
true dielectric but which can be 
made much lighter. Such a 
tnetallic dielectric is obtained by 
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building up a lattice of insulated, 
conducting, metallic spheres 
similar to the molecular lattice 
of a dielectric. For microwaves 
whose wavelengths are longer 
than the spacing between the 
spheres, the artificial dielectric 
behaves in a similar way to a 
true dielectric. Provided the 
lattice .spacing requirement is 
met, the refracting properties of 
these artificial dielectrics do not 
vary with wavelength and a 
lens built up with small conduct- 
ing elements has broad fre- 
quency band characteristics. 

The conducting elements can 
be in the form of spheres or 
discs made of copper foil to 
reduce the weight and mounted 
in light-weight polystyrene foam. 
For use in radio repeater circuits 
the lenses are made 10' square, 
and as only vertically polarized 
waves are used, the conducting 
elements are in the form (>f thin 
metal strips mounted horizontally. 
The lengths of strips are varietl 
to give the final assembly a shape 
similar to that of a convex 
optical lens, and are mounted 
between slabs of polystvrene 
foam. This new type of lens 
will first be used in th(* New 
York to Chicago link. 

New Source of 

Industrial Alcohol 

Ethyl alcohol from pktro- 
leum refinery processes, in.stead 
of the usual fermentation method, 
is to be obtained from ethylene 
in a new plant of the She// Chemi- 
cal Corporation at Houston, Texas 
{Chem. Age, 1948, 59, 423). 
The output from this plant will 
be about 18 million gallons 
annually. It is estimated that to 
produce a similar quantity of 
alcohol by fermentation process- 
es would require 45 million 
bushels of grain. 

The basic raw material for the 
She// process is ethylene, which 
is obtained with other olefins in 
the stream of gases from the 
catalytic oil-cracking plant at the 
adjoiniiTg refinery of the She// 
Oil Co. After careful separation 
and purification, the ethylene is 
converted by direct hydration 
into ethyl alcohol. The product 
is to be sold under the trade 
name “ Neosol " as a proprietary 
solvent. 


Synthetic Resins in 

Paper*making 

Through the use of a synthetic 
resin timbers, which have hitherto 
found limited application in 
paper-making, can be employed 
to yield satisfactory printing 
paper. The new development, 
which is the outcome of a com- 
prehensive research programme 
at the National Bureau of Stan- 
dards, U.S.yV., on offset printing 
papers, does not involve either 
appreciable increase in costs or 
any important chang ■ in manu- 
facturing methods ( Franklin 
In.L, 1948, 246 , 252). 

Deciduous woods, such as 
maple, birch, beech and poplar, 
give only short-fibred s^ock which 
does not lend itself to hydration 
by the conventional beating pro- 
cess, and the addition of resins 
will materially fielp in increasing 
the use of short- fibred pulps in 
making printing paper. 

The beating process, employed 
in pulp-making, provides neces- 
.sary bonding strength but pro- 
motes some of the troublesome 
behaviour of paper in printing, 
viz. high expansion, excessive 
curling, slow oil absorption and 
show-through of images. The 
new technique substitutes resin 
bonds for the gel-like bonds of 
the hydrated fibres, and gives 
optimum strength for paper with 
only a fraction of the beating 
required to develop comparable 
strength by beati.ig alone, and 
provides a superior paper by 
eliminating all the adverse effects 
of hydration. 

Widely different combinations 
of commercial wood pulps hav^e 
been investigated with controlled 
variation in beating and with and 
without resin bonding, and in 
all instances resin-bonded paper 
was found to be superior with 
respect to curling, oil absorption, 
folding endurance, resistance to 
surface pick and expansivity. 
Sulphate-cooked aspen pulps 
and sulphite-cooked birch pulps 
have produced excellent printing 
papers with the aid of resin 
bonding, whereas they can be 
used only in small amounts as 
fillers by conventional processiag. 

Several types of synthetic resins 
have been employed, with mela- 
mine-formaldehyde resins giving 
the best results. Small amounts, 
usually less than 3 per cent by 
weight, are required. 

For normal commercial fibre 
combinations, it was po.ssible to 
develop as much strength with 
2 per cent of resin and no beating 
as with 9' 5 hr. beating without 
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resin. Far better strength and 
resistance to surface picking were 
obtained with 3 per cent of resin 
than could be achieved by hydra- 
tion alone even with the most 
drastic beiating. The addition 
of 1 to 3 per cent of melamine- 
formaldehyde resin increases the 
resistance to surface picking and 
folding endurance, more than 10 
times in some instances. All of 
the resin-bonded papers showed 
low expansivity, essential for 
example, in the printing of maps 
which may run through the 
press as many as 15 times. 

Starch Syrup Manufacture 

The production of syrups from 
starches by the batch acid hydro- 
Ivsis process is described ( Can. 
J. Res.. 1948, 26, 284). Syrups 
prepared in semi -pi lot plant 
equipment from wheat, corn, 
waxy corn and tapibca starches 
of low protein content were 
almost identical in taste and 
appearance. The starches em- 
ployed had the following com- 


position : 

Ash 

Fat 

0/ 

Protein 

0/ 

Wheat 

*/0 

0*26 

/o 

0*63 

70 

0*38 

Waxy corn 

0*05 

0*64 

0*32 

Potato 

0*32 

0*12 

0*11 

Tapioca 

008 

0-27 

0*14 


It has been found economical to 
employ starch slurries having a 
density only slightly below the 
limit imposed by dilatancy, i.e. 22® 
to 24®Be. Heavier suspensions 
result in poor heat transfer of 
pastes, and charging of the 
converter becomes difficult. Even 
with starch of the highest quality, 
improper technique at the filling 
stage leads to off-flavour and 
after- taste. 

The method of adding hydro- 
chloric acid is important. With 
glass-lined equipment it is con- 
veniently introduced with priming 
water, but with copper converters 
it is best introduced along with 
the slurry. A concentration of 
0*2 per cent hydrochloric acid 
based on the dry weight of starch 
provides adequate acidification 
for 22® to 24®Be slurries. Thi.s 
method of expressing the acidity 
encures uniformity in the sodium 
chloride content of the final 
product when slurries of fluctuat- 
ing starch content are employed. 

At the outset of each conver- 
sion, sufficient priming water is 
placed in the empty converter to 
cover the open-type steam coil ; 
with converters of 2,000 gal. 
capacity approximately 1 00 gal . . 
of water are required for this pur- 
pose. The water is brought to 
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boiling by steam injection before 
the starch slurry is let in. During 
the filling operation, which must 
proceed continuously, slurry addi- 
tion and steam injection are 
integrated so that boiling of the 
converter contents proceeds vigo- 
rously, with steam escaping 
freely from the air vent. After 
the converter has V)een filled and 
swept out thoroughly with steam, 
the pressure is raised to 35 Ib./.sq. 
in. The progress of hydrolysis 
is followed by iodine test until the 
hydrolysate having a D.Ii. ( Dey:+^- 
rose equivalent ) value of 45-50 
is obtained when they are im- 
mediately removed from the con- 
verter. A D. E. value of 55 is 
regarded as the upper limit for 
the acid hydrolysis process be- 
cause of the off-flavour and 
crystallization tendency of more 
completely hydrolysed products. 
The hydrolysates are neutralized 
with sodium carbonate which is 
added with continuous agitation 
as rapidly as the foaming ten- 
dency will permit. Gradual addi- 
tions are then made with periodic 
pH measurements, until a pH 
value of 5'0 to 51 is attained. 

In industrial practice, fatty 
impurities are skimmed off, and 
protein and other impurities 
flocculated by the addition of 
Hyflo Super Cel ( O’l to 0 2 
per cent on the weight of liquid ) 
and filter-pressing the syrup. 
Activated carbon ( 0-2 to ()-5 
per cent on liquid weight ) is 
added, heated for 20 min. at 80 C., 
filter-pressed and evaporated to 
30"T3e in vacuo or at atmospheric 
pressure. A further 20 min. 
treatment at 80"C. with 0 5 per 
cent carbon and 01 per t'ent 
flocculating agent on 30 He 
syrup weight removes the colour 
de'.’eloped during the first 
evaporation. The final filtration 
at this density must effect com- 
plete removal of suspended 
impurities. In evaporating the 
heavy syrup in vacuo to the hnal 
density of 42' -43^’ Be control 
density measurements are con- 
veniently taken at the evapora- 
tion temperature of HO'^F., a 
correction of 1*0' Be being added 
to obtain the conventional density 
value at lOO'F. 

In decolourizing with bone 
char, the neutralized hydrolysate 
is defatted, freed of flocculated 
proteins by filtration with dia- 
tomaceous earth before percola- 
tion through gravity filters. After 
evaporation to 30°Be the syrup 
is again decolourized with bone 
char and filtered if necessary 
before its evaporation to final 


consistency. Bone char has been 
found to be superior to activated 
carbon with respect to adsorption 
of copper and iron traces as well 
as salts in industrial waters. It 
was also found necessary to 
extract fresh bone char ex- 
haustively with hydrochloric acid 
before use, otherwise decolouriza- 
tion is slow and the syrup turns 
dark during evaporation. 

Syrups prepared from starches 
that were heavily contaminated 
with protein were consistently 
objectionable in taste and appear- 
ance, and bitterness could not be 
removed by repeated passage 
through bone char filters. Nitro- 
genous impurities cause trouble- 
some frothing in evaporators 
and affect the usefulness of the 
syrup in the confectionary and 
soft drink trades. Considerable 
haze also develops in finished 
syrups of high nitrogen content. 
The haze can be largely corrected 
by diluting to 25"-30°Be filtering 
off the flocculated impurities and 
concentrating. Purification of 
starch before it enters the con- 
verter appears to be the only 
practical measure that can be 
taken to provide a satisfactory 
syrup. 

Tap water promoted colour 
development in the evaporator 
and inhibited colour removal by 
activated carbon. Colour and 
fluorescence dev'clojiment in stored 
syrups was promoted by pro- 
tein impurities, light and tap 
water and was strongly inhibited 
by .sodium bisulphite. Syrups 
which remained colourless almost 
indefinitely were prepared from 
prime quality .starches by using 
distilled water in the proce.ss and 
either acid-extracted activated 
carbon or bone char as decolouriz- 
ing agents. 

Deodorization of 

Shark Liver Oil 

The i)kodokiz.\tion of sh.\rk 
liver oil under different conditions 
has been de.scribed ( Nature, 1948. 
162 , 494 ). The deodorization 
has to be effected in such a 
manner as to retain vitamin A 
intact. The methods tried are : 
(1) steam distillation of the oil 
under normal and reduced pres- 
sures ; (2) agitation of the oil 
with fermenting milk and toddy ; 
and (3) selective hydrogenation 
of the oil in the presence of a 
nickel catalyst. Steam-treated 
oils are fairly free from odour 
when freshly prepared but revert 
in course of a few days to their 
original character. Oils deodor- 
ized by agitation with fermenting 


milk or toddy, have been found to 
remain bland for several months 
and show very little change in 
their potency or chemical cons- 
tants. 

Controlled hydrogemation of 
fish liver oils using 01, 0*25 and 
0*4 per cent concentrations of 
nickel catalyst has given pro- 
mising results. 0*25 per cent of 
the catalyst effected fairly com- 
plete deodorization of the oil 
at 120 C. within 30-45 min. The 
percentage loss of vitamin A by 
this process was atiout 7 and 
stability studies iiav' shown that 
the keeping quality of the oil 
improved considerably. 

Contact Acid from 

Arsenical Pyrites 

'I'he modifications instituted 
in the contact sulphuric acid 
plant of the Nitrogen Ferfilicers 
Ltd., Flixborough, to deal with 
arsenical pyrites as raw materials 
are described ( Chew. S- Jnd., 
1948, 67 , 595 ). The ore em- 
ployed normally contains 0*4-0'5 
per cent of arsenical impurity by 
weight. 

On the basis of the factory 
practice and experience, the fol- 
lowing tentative specification of 
the pyrites to obtain burner 
house efficiency has been drawn 
up ; .size, to g" ; copper, 

not more than 0*5 per cent ; 
zinc, not more than 1*7 per cent ; 
arsenic, not more than 0*15 per 
cent. 

Tile gases from the burners 
after passing through the 
electrostatic precipitators still 
contain appreciable amounts of 
arsenic and lead. In the 2 wash 
towers, the normal practice is to 
use 60 to 70 per cent sulphuric 
acid in the first and 40 to 50 
per cent acid in the second. The 
impurities remain suspended in 
the wash acid of the hrst tower, 
and settle down as sludge in the 
cooling towers which have to be 
pi'riodically desludged. In addi- 
tion, hard scales are formed in the 
cooling coils which adversely 
affect the efficiency^ of heat trans- 
fer. Studies on the solubility' 
of arsenic in sulphuric acid 
have led to the conclusion that 
operating the first wash tower 
with 30 to 40 per cent acid and the 
second with 10 to 15 per cent acid, 
the wash tower systems remain 
clear for several weeks. The 
weaker acid has a greater capacity 
to hold arsenic and iron in solu- 
tion resulting in a cleaner circula- 
tion acid and lesser possibility 
of scale formation in the cooling, 
coils. 
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The use of weaker acid is 
attended with certain difficulties 
so far as its use for ammonium 
sulphate manufacture is con- 
cerned. A greater amount of 
soluble iron is added to the 
saturator system requiring in- 
creased consumption of expensive 
phosphoric acid. 

A New Aluminium Alloy 

A NEW ECONOMICAL DIE-CASTING 
aluminium alloy has been de- 
veloped at the Federated Metals 
Division of the American Smelting 

Refining Company, New York. 
The alloy is made of copper, 
silicon and aluminium and is 
said to overcome former problems 
of drilling, tapping and machining 
of castings made from other 
alloys. The new alloy will be 
known as F-41 10, under a nomen- 
clature system developed by the 
Division, which reveals the com- 
position of the alloy. It contains 
4 per cent copper, 11 per cent 
silicon, no magnesium and the 
balance aluminium. There is less 
tendency for castings to weld to 
the die during the casting pro- 
cess. It has higher tensile 
strength, yield strength and pro- 
portional limit and higher hard- 
ness. The castings assume a 
whiter finish after casting and the 
final cost of casting *is lower 
because the alloy is generally 
cheaper than the primary 12 
per cent silicon allovs ( Chcm. 
Age, 1948, 59 , 356). ' 

New Process for Pig Iron 

A NEW PROCESS FOR THE PRO- 
duction of pig iron, stepping up 
the production of existing fur- 
naces by at least 20 per cent, 
has been perfected by the Repub- 
lican Steel Corporation, of Cleve- 
land, Ohio. A "pres.sure blowing” 
technique is employed which, 
under certain conditions, is claim- 
ed to give an increase of 50 per 
cent in output. The method has 
been tested in converted blast 
furnaces of the company. The 
furnace is partially sealed by 
a system of valves to retain the 
hot gases and the incandescent 
atmosphere thus resulting builds 
up a high pressure permitting the 
production of higher temperatures 
in a shorter time ( Chem. Age, 
1948, 59 , 481 ). 

The cost of converting the 
furnace is reported to be much 
less than the cost of erecting a 
new furnace. Apart from increas- 
ed production, other advantages 
cited are increased efficiency in, 
burning coke, more uniform quali- 
ty of iron, and less flue dust. 


“ Solder Glasses 

A GROUP OF VERY SOFT GLASSES 
have recently been developed at 
the B.T.H. Research Laboratories 
by means of which ’2 pieces of 
glass can be ” soldered together 
without distortion ” ( Sci. Prog., 
1948, 36 , 714). These solder 
glasses, as they are popularly 
termed, are lead borate glasses 
whose resistance to weathering 
has been improved by the addi- 
tion of zinc oxide. By compari- 
son with other types of glasses, 
the temperature at which they 
become soft is low, usually well 
below 460"C. A solder glass 
with a suitable coefficient of 
expansion has been successfully 
employed to join the soda-lime- 
silicate bulb in miniature radio 
valves to the lead glass base 
without distorting either. 

The solder glasses can also be 
employed to seal mica to metal 
or glass, as well as metal to glass. 
With the aid of this technique, 
a piece of soda glass tubing has 
had a mica window sealed on to 
one end, a glass plate on to the 
other, and a sheet of nickel- 
chrome-iron alloy sealed across 
the middle to form a diaphragm. 

Identification of 

Formaldehyde- resin 

Finishes 

A METHOD FOR THE IDENTIFICA- 

tion of formaldehyde-resin finishes 
on cellulose fibres and wool is 
described (C.TJ., 1948, 123 , 

409 ). 1 gm. of the material to 

be tested is extracted by boiling 
twice for 5 min. with 50 cc. of 
pure alcohol and rinsing 3 times 
with 50 cc. of distilled water for 
each rinse. The cleansed sample 
is heated with 1 per cent solution 
of pure hydrochloric acid, the 
distillate filtered, and 3 cc. of it 
introduced into a freshly pre- 
pared solution of 0*005 gm. pure 
carbazole in 5 cc. chemically pure 
sulphuric acid. The presence of 
formaldehyde is indicated by 
the development of a blue-green 
colour in the region of contact 
between the distillate and the 
test solution. 

The hydrochloric acid extract 
is tested with 5 per cent solution 
of ammonium molybdate for 
resins. A white flocculent preci- 
pitate indicates melamine resins 
or proteins. If this test is 
positive a further portion of the 
acid extract is mixed with 1 
per cent solution of picric acid 
when melamine resins produce a 
pronounced turbidity. Proteins 
do not cause a turbidity unless 
they are in a very high concentra- 


tion. If the above 2 tests are 
inconclusive, the extract is treated 
with a 5 per cent solution of 
potassium ferrocyanide, when 
melamine resins alone produce a 
turbidity ; proteins and urea 
resins are inert. 

Electron Microscopy of 

Natural Cellulose Fibres 

3 NEW DEVELOPMENTS IN THE 
technique of preparing specimens 
for electron microscopy, — metallic 
shadow casting, surface replicas, 
and electron stains, have been 
employed for the study of the 
sub-microscopic structure of 
natural cellulose fibres ( Ind. 
Eng. Chem., 1948, 40 , 1711). 
The results of this investigation 
offer additional evidence in sup- 
port of a fibrillate structure for 
natural cellulose. 

The coarse fibrils commonly 
observed by optical and electron 
microscopy are shown by metallic 
shadow casting to consist of 
still finer unit fibrils, whose 

o 

diameter varies from 90 to 400 A 
depending on the sample. 
Although the diameters of these 
fine fibres vary somewhat in a 
single sample, greater differences 
in this respect are observed among 
fibres of different origins. The 
diameters of the fibrils in ramie, 
cotton and wood pulp are found 
to decrease in the order named. 
Similarly, the variations in 
straightness follow the same order. 
These differences suggest a cor- 
relation between the character of 
the fibrils and the chemical and 
physical properties of the fibres. 
Ramie fibrils, for example, are 
found to be highly cry.stalline 
and oriented with marked tensile 
strength but with low elongation 
and poor reactivity. The pro- 
perties of wood-pulp fibres are in 
some respects opposite to those of 
ramie, whereas cotton is, in 
general, intermediate. 

Preservative Treatment 

for Bamboos 

Experiments on the treatment 
of green bamboos with inorganic 
preservatives are described in the 
Indian Forest Bulletin, No. 137 
( 1947 ). The species tested were 
B. arundinaceae , B. nutans, B. tul- 
da, Melocanna bambusoides, D. 
strictus and D. hamiltonii. The 
bamboos were normally abou 
15 ft. long. The preservatives 
tried were zinc chloride, ” Ascu ”, 
copper sulphate, boric acid and 
borax. 3 processes were investi- 
gated : (a) the original Boucherie 
process, where fresh bamboos were 
allowed to stand in a container of 
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preservative ; (b) the normal 

Boucheric process, where the 
preservative solution is held in an 
old cycle tube attached to the 
pole and held at a higher level 
than the crown ; and (c) modified 
Boucherie process which consists 
in using the basal internode as 
the reservoir for the solution and 
standing the bamboo in a vertical 
position. The preservative is in- 
troduced through an incision at 
the node. 

Bamboos treated with a 16 
per cent solution of zinc chlorifh' 
for 5 to 6 days gave satisfactory 
results by all the 3 methods and 
provided adequate protection 
against termites, borers and fungi. 
Felled and stored bamboos can 
be treated similarly after they 
are kept immersed in a log pond 
for 2 to 3 days. 

Technological Developments 
in Japan 

The progress is the Jap.\nesk 
chemical and textile technology 
is described in Summation No. 
32 of Non-Military Activities in 
Japan, issued by SF.AP ( Chem. 

1948. 59, 4*86 ). 

Among the developments des- 
cribed are experiments to deter- 
mine new uses for a synthetic 
fibre made from polyvinyl alcohol. 
I^olyvinyl acetate is saponified bv 
alcoholic caustic soda and the 
resulting solution is .spun in a 
bath containing zinc sulphate 
and Glauber’s salt. The fibre is 
rendered insoluble in the presence 
of formalin, Glauber’s salt and 
sulphuric acid. The new fibre is 
claimed to have many adv^antages 
over other synthetic filires. It is 
resi.stant to acid, alkali and oil ; 
it is strong(T and more resistant 
to abrasion than ordinary fibres. 
Because of its exceptional 
strength it can be used for fish 
lines and nets. 

A process for the production of 
coke of a quality suitable for large 
blast furnaices has been developed 
by the Research Laboratory 

f)f the Japanese Ministry of 
('ommerce and Industry. Indi- 
genous coal, which does not 
yield coke of a sufficiently high 
calorific value with normal coking 
processes, is used as the raw 
material. In the new process, 
which has already reached the 
pilot-plant stage, pulverized coal 
is mixed with an equal amount 
of creosote oil and heated to 
350°C. for 10 hr. From the 
resulting pitch-like substance, a 
coke of high calorific value can 
be made by the usual high tem- 
perature process of coke manu- 
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facture. Both non-caking and 
caking coals have been success- 
fully employed. The product 
can be used for blending with 
light caking coals to supplement 
the supply of imported coking 
coal. 

To relieve the critical shortage 
of caustic soda, a direct method 
of electrolysing sea water is 
being experimented with at the 
Teikokti Rayon Co. Ltd. 8 small 
electroly.sers are producing ap- 
proximately 15 kg. of caustic 
soda per day. The purity of the 
product is reported to be 99‘8 
per cent and it is recovered at 
15-20 per cent concentration. 
Chlorine and bromine are ol>taincd 
as by-products. The process 
requires 12.000 kW. for the pro- 
duction of each ton of caustic 
soda as compared with 3.000 
kW. necessary using ordinary 
electrolytic methods. This is 
largely offset by the sa*dng in 
power, fuel and labour required 
to produce and purify salt. 

Gf the recent inventions in 
Japan, the following offer good 
prospects for industrial aevelop- 
inent : the use of waste middle 
oil {B.P., 250’-300 ’C. ) after re- 
peated use in the separation of 
benzene and heavy oil from coal 
gas until it possesses no longer 
any absorbing power, as a l)asic 
vehicle for printing ink. The 
simultaneous manufacture of 
white phosphorus and phosphate 
of potash fertilizer has Ix^en 
accomplished by mixing limestone 
and potassic felspar or other 
potassium-containing minerals 
with phosphate rock, adding a 
small amount of carbon as a 
reducing agent. The yield and 
purity of phosphorus is said to 
be high. 

A New Mass Spectrometer 

A SIMPLIFIED AND FLEXIBLE 
radio-frequency mass spectro- 
meter has been designed by Dr. 
W. H. Bennetof the U.S. National 
Bureau of Standards for the 
detection, .separation, identifica- 
tion and measurement of negative 
atomic ions of heavier metallic 
elements {Cheyn. Age, 1948, 59, 
420 ). The instrument has a 
specially developed vacuum tube. 
The spectrometer not only pro- 
vides a new means of exploring 
the little known fundamentals of 
negative ions, but its special 
characteristics make it widely 
applicable for other uses including 
the mass spectrometry of positive 
ions and for ionization studies. 

This two-stage instrument con- 
sists of a multigrid tube in which 


an adjustable radio-frequency is 
applied to 2 grids, while all other 
electrodes are held at the proper 
direct current potentials and the 
ion current is measured at the 
plate. The limitations of the 
ordinary mass spectrograph using 
magnetic deflection are overcome 
in this instrument as the voltage 
of the ions can be increased to 
any required value for which 
insulation can be provided. 

The simplicity and low cost of 
the radio-frequency mass spectro- 
meter, the Bureau holds, should 
make it attractive ' )t only in 
those applications in which its 
special characteristics make it 
superior to other kinds of mass 
spectrometer, but also in those 
laboratories where the '‘xpense of 
other types of equipment is 
prohiliitive. 

A New Glass Pump 

An important development in 
pump de.sign has been introduced 
by Tungstone Products Ltd. Made 
of pyrex-borosilicate glass, it 
makes practicable the safe con- 
veying of all acids and alkalis 
with the exception of concentrated 
hydrolluoric acid and glacial phos- 
phoric acid. The use of glass is 
made possible by the absence in 
the pump of all centrifugal and 
reciprocaiing stresses. The pump 
has the additional advantages of 
visibility cleanliness, and a capa- 
city for withstanding tempera- 
tures up to 200-^G. It can be 
flushed with steam or hot acid 
solutions. With a capacity ( 4' 
inlet head ) of 300 gal. per hr., 
up to 50 lb. per .sq. in. delivery 
pressure, and requiring F5 to 
4-5 cu. ft. of free air per min., the 
pump weighs only 54 lb. and 
measuTv's 13";: 13" by 30" - 
overall height. 

Antibiotics in Onion & 

Disease Resistance 

The relation of antibiotic 
substances in tlie scales of dif- 
ferent varieties of onions to 
disease resistance characteristics 
of the bulbs has been recently 
investigated on a field scale 
i f. Agr. Res.. 1948, 77, 115 ). 
White, red, yellow and brown 
varieties have been investigated 
for their resistance to infection by 
Collcfotrichiiini circinans, Aspergil- 
lus niger and Botrytis alii which 
cau.se the diseases popularly 
known as black smudge, black 
mould and neck rot respectively. 
The investigations were conducted 
on crops during 4 seasons. 

The investigations revealed that 
while coloured varieties were in 
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general more resistant to smudge, 
there were some notable and 
rather consistent exceptions. 
Strongly pungent varieties in 
red, yellow and white groups 
teitded in some seasons to have 
vsignificantly lower smudge inci- 
dence than mildly pungent varie- 
ties. In F2 progenies from crosses 
between white strong x yellow 
mild and between white strong x 
yellow strong, the heterozygous 
class from the latter cross had a 
consistently lower smudge index. 
These facts indicated that pun- 
gency had an effect on the varietal 
resistance to smudge, but it did 
not explain some outstanding 
cases where a coloured strong 
variety had a smudge index not 
significantly different from those 
of mild varieties. 

The character of the outer 
scales of varieties varied greatly 
in number and in tendency to 
split so as to expose the fleshy 
scale. The poor outer scg-le 
character is a factor intimately 
related to high smudge incidence. 
The outer scale character is 
regarded as the most important 
condition modifying the smudge 
resistance of coloured varieties 
which is due primarily to the 
phenolic antibiotics in the outer 
scales. 

During one season when neck 
rot was severe, a distinct correla- 
tion was found to exist between 
pungency and disease resistance. 
There is also a positive correlation 
between resistance and toxicity 
of the volatile and non-volatile 
antibiotics in fleshy scales. In 
one season the deeply coloured 
Australian brown showed high 
incidence of black mould. The 
extract of dry outer coloured 
scales was distinctly stimulative 
to germination and growth of 
A. niger. It appears that the 
same phenolic substances which 
are the major factors for resist- 
ance to smudge and neck rot 
may be the ones which contribute 
to black mould susceptibility in 
coloured varieties. 

Australian Cotton Hybrids 

Cotton hybrids grown at the 
Bi^oela Regional Experimental 
Station, Queensland, have shown 
promise of high yielding quality, 
high ginning percentage and high 
jassid resistance, together with 
large bolls. Some of them yielded 
2,240 lb. of cotton to the acre 
under irrigation compared with 
1,700 Ib. from commercial varieties 
now in use. The staple length 
of the hybrids approximates to 
that of the ^f^Jler variety. 


OF SCIENTIFIC A INDUSTRIAL 

Chemical Research in 

Britain, 1938-46 

The Report of the Chemistry 
Research Board, D.S.I.R., London, 
for the period 1938-46, published 
recently, reviews the work of the 
Chemical Research Laboratory , Ted- 
dington, during the war period 
and the period since the cessation 
of hostilities. 

The work of the Corrosion 
Section acquired additional im- 
portance during the war, parti- 
cularly as regards naval craft 
and armament. The CRL rotor 
test, designed primarily for funda- 
mental studies bf immersed cor- 
rosion, gave valuable service in 
assessing the relative values of a 
variety of protective coatings. 
Research into corrosion inhibitors 
has led to the di.scovery of the 
inhibitivc propc^rties of sodium 
benzoate, both as an addition to 
aqueous solutions and as an 
impregnant into wrapping 
materials. 

Considerable effort was devoted 
to the alleviation of war-time 
shortages by the development of 
processes for the production of 
materials normally imported. An 
example of this is the work on 
carbon black. It has been shown, 
that suitable carbon blacks can 
be prepared from indigenous 
materials, particularly coal-tar 
products Highly successful foam 
fire extinguishers were deve- 
loped for fighting petroleum fires. 
As an insurance against pro- 
tein shortage during the war, 
the development of a food yeast 
from Torula utilis was given 
considerable attention and pilot 
plant studies were completed. 
On the basis of this development 
a full-scale plant was erected in 
Jamaica for the production of 
food yeast. A shortage of derris 
for insecticidal purposes led the 
Laboratory to collaborate with the 
Agricultural Redearch Council in 
the development of effective 
materials for the control of animal 
parasites, and a satisfactory DDT 
emulsion was finally formulated 
for the control of blow-fly. 

A few selected topics have been 
propo.sed for investigation during 
the post-war period. They in- 
clude : (1) isolation and identifica- 
tion of tar products ; develop- 
ment of technical methods for the 
isolation of tar components and 
the determination of physical 
and physico-chemical constants 
of hydrocarbons ; (2) studies on 
corrosion of metals under im- 
rnersed and atmospheric condi- 
tions, and also of soil corrosion 
and development of accelerated 
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tests and of new surface treat- 
ments for protection against cor- 
rosion ; (3) a study of the pro- 
cesses by which ore deposition 
occurs in nature and of the 
methods of recovery of semi -rare 
-metals particularly in low-grade 
materials ; (4) development of 

new high polymers and a study 
of the relation between chemical 
structure and physical and 
mechanical properties of plastics ; 

(5) preparation of organic inter- 
mediates capable of polymeriza- 
tion and a study of organic 
reactions under pressure ; 

(6) microbiological investigations 
relating to the transformation of 
carbohydrates and the production 
of chemical substances by micro- 
organisms. Study of the reac- 
tions of sulphur-reducing and 
sulphur-oxidizing organisms. The 
studies may be limited to micro- 
biological problems connected 
with corrosion. 

The work on these problems 
made substantial progress during 
1946. Research on more funda- 
mental aspects of metallic corro- 
sion has been resumed. The 
rotor test has been employed in 
the study of immersed corrosion. 
Work on electrode potential 
measurement as a means of de- 
tecting breakdown of painted 
surfaces was started. A method 
of stripping oxide films on copper, 
iron and other metals, originally 
discovered by Dr. Idick R. Evans, 
has been improved by the exclu- 
sion of water and oxygen to give 
quantitative removal of the films 
so that its thickness and composi- 
tion can be determined. Recently 
the invisible oxide film responsible 
for the protection of stainless 
steel has been separated and 
analysed. .\n enrichment of 
chromium in the film has been 
established. Accelerated corro- 
sion tests are being explored, 
using conditions which reveal 
the known superior corrosion 
resistance of phosphated and 
painted surfaces as compared 
with painted but untreated 
surfaces. Strains of anaerobic 
bacteria ( V, desulphuricans ) are 
being intensively studied in 
relation to the general mechanism 
of anaerobic corrosion. New 
methods of extracting germanium 
and gallium from low-grade 
sources have been worked out. 

A preliminary investigation on 
the separation of isotopes by base 
exchange methods have been 
commenced. 

A study of the chemistry of 
functional groups of high poly- 
mers has been initiated with the 
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object of disclosing new techniques 
for the elucidation of chemical 
structure and for the preparation 
of special polymers. Consider- 
able progress has been made 
towards a clearer understanding 
of the relationships existing be- 
tween the properties of rein- 
forced plastics and those of other 
components. An investigation is 
being made on the influence of 
fat and wax, as impurities, on 
the adhesion between cotton 
fibre and phenolic resin. The 
commercial development of s\'n- 
thetic adhesives for wood has 
enabled high joint strength to 
be maintained under most severe 
climatic conditions but these 
glues are expensive and require 
great care in handling. A neutral 
cold -setting glue which over- 
comes the latter disadvantage has 
been developed from resorcinol 
and formaldehyde. Certain special 
applications of ion-exchange resins 
are being investigated. 

The work now initiated on 
coal-tar includes a study of 
newer separation processes, the 
preparation of tar constituents in 
the purest attainaVile state and 
the determination of pliysical 
and physico-chemical constants 
with high accuracy. As an 
example of recent work on the 
isolation of pure components is 
the recovery from coal-tar base 
fraction of ^-picoline. .\mong 
its 3 constituents, 2 : 6-lutidine, 
y-picoline and ^-picoline, the last 
compound has a current import- 
ance as an intermediate for the 
production of nicotinic acid. Th<‘ 
separation of the 3 individual 
bases was effeced by azeotropic 
fractional distillation, using acetic 
acid as azeotroyiic former. A 
method for recovering the acid 
for reuse has been developed. 
Attention is being paid to And 
large-scale industrial uses for 
higher aromatic hydrocarbons of 
coal-tar. Acenaphthene, present 
in coke ov^en tar to the extent of 
1 per cent, and readily extractable 
in pure form, shows promise 
of yielding industrially valuable 
plastics with high softening point 
and good electrical properties. 

The high pressure equipment 
in the Chevnical Research Labora- 
tory has been used in 2 important 
lines of investigation, one leading 
to an improved process for con- 
verting phenols into corresponding 
aromatic amines, and the other 
for producing higher fatty alcohols 
from the corresponding acids. 

At the request of the Board of 
Trade an investigation on the 
methods of preventing the caking 


of mixed fertilizers has been 
commenced. 

Other matters receiving atten- 
tion are : development and pro- 
duction of acetylene and its 
utilization as an intermediate 
product in chemical industry : 
field trials with phenanthridium 
compounds in the control of 
Nagana in Africa. 

Co-ordination of 

Cartographic Services 

The United Nations Organi- 
zation, early in 1948, approached 
interested international organiza- 
tions to submit relevant informa- 
tion and comments upon the 
Brazilian Resolution on “ Co- 
ordination of ('artographic Ser- 
vices Accordingly, a meeting 
of the experts and representatives 
of a few international organiza- 
tions was convened during June 
2-3, 1948 in Washing ion under 
the joint sponsorship of the Pan 
A uteri ran Institute of Geography 
History and the International 
Council of Scientific Unions. 

The members of the Conference 
were satisfied that the term 
“ Cartography ” in the Re.solution 
was employed in its fullest sense, 
i.e. all types of surveys and of 
maps and their attendant l)y- 
products and the graphic portrayal 
of economic, social and cultural 
factors. 

The three basic ideas contained 
in the Resolution arc : (a) that 
the ('ouncil recommend to the 
Member Governments the stimu- 
lation of the accurate surveying 
and mapping of their national 
territories ; (b) that the G.X. 
Secretary-General take ap])ro- 
priate action to further such 
efforts by specific means including 
the advancement of the science 
itself ; the preparation of an up- 
to-diitc study on modern carto- 
graphic methods; and the develop- 
ment of uniform international 
standards ; and (c) that the 
cartographic services of the United 
Xations and the specialized agen- 
cies be co-ordinated, taking into 
account the work of the various 
inter-Governmental and inter- 
national non-Ciovernmental orga- 
nizations. 

The concensus of the group 
as to the most practical way to 
undertake an appropriate study 
of the Resolution would be the 
calling of a meeting of experts 
and representatives of the in- 
terested agencies and international 
organizations. 

Attention was drawn to the 
concrete contributions which 
existing international organiza- 


tions and specialized agencies* 
can make by providing available 
reports on (a) their achievements 
to date in the development of a 
body of uniform international 
standards, including their propo- 
sals for the future, and of (b) their 
past accomplishments, present 
programmes and future plans in 
the field of cartography. 

The urgency of an early meet- 
ing of experts and also of adequate 
documentation, therefore, was 
stressed by the greup so as to 
enable the proposed meeting to 
come off early i, 1949. The 
specific interests of various 
participating organizations were 
considered, and it was felt that 
it would be desirable to give an 
idea of the nature of discussion 
on the subject which the several 
organizations might wish to take 
under advfisement. The follow- 
ing draft was submitted by the 
President of the International 
Council of Scientific Unions to 
facilitate other organizations in 
their consideration of action to 
be taken at the forthcoming 
meeting : 

“ The International Council of 
Scientific Unions desires to stress 
to the Secretary-General of the 
United Nations its urgent sen.se 
of the need for a full realization 
of the general import of the 
Resolution on ‘ Co-ordination of 
Cartographic Services of Special- 
ized Agencies and International 
Organizations ', particularly, with 
reference to the scientific and 
technical aspects of cartography. 
Besides national and international 
interests and other scientific and 
technical interests, such as hydro- 
graphic, aerological, geological, 
surveying and mapping, and 
similar fields of scientific endea- 
vour, those of the International 
Council of Scientific Unions bear 
significantly on this subject as 
evidenced by its autonomou.s 
member Unions of (Geography, 
Gecjdesy, Geophysics, Astronomy, 
Scientific Radio and Scientific 
Biology ( and eventually Mathe- 
matics, now being reorganized ). 

“ At pre.sent, there exists dupli- 
cation of effort and of personnel in 
these varied and related fields* 
A considered co-ordination * of 
these overlapping activities must 
perforce result in the economical 
use of funds and in advantage to 
future advance in the cartographic 
science and its application to 
human welfare. 

‘ ‘ Some indication of the interest 
of the International Council of 
Scientific Unions in the suggested 
International Cartographic Orga- 
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nization was set forth by 
Professor E. de Martonne in his 
communication to the U.N. Secre- 
tary -General. It was stated that 
such an organization would help : 

(1) to expedite the survey of the 
world and propagate the results 
of this survey ; (2) to unify carto- 
graphical methods and processes ; 
and (3) to support and promote 
cartographical works of the type 
of the National Atlas. The 
propagation of the progress 
of cartography in each country 
would not only be a boon to ail 
the theoretical and research bodies 
depending upon geographical 
knowledge, but would also serve 
as a stimulant for the progress 
of this knowledge. 

“ This progre.ss could be achiev- 
ed by the publication of an inter- 
national cartographical biblio- 
graphy, mentioning not only the 
maps published by national carto- 
graphical services, but large- and 
small-scale maps representing 
the extent of physical and eco- 
nomic phenomena ...” Scientific 
and practical advances in the 
studies of the earth sciences and 
phenomena thereof involve carto- 
graphic matters of first importance 
in geodesy, meteorology, seismo- 
logy, geology, geomagnetism, 
oceanography, vulcanology and 
hydrology. Other Unions un- 
doubtedly have similar interests, 
such as scientific biology, scientific 
radio, astronomy and mathematics. 

As complementary to co-ordina- 
tion activities in the field of carto- 
graphy and n la ted sciences, and 
of cartographic services inter- 
nationally, the group invited 
attention to the polar regions 
as an area of the world in which 
the co-oi dination of cartographic 
operations would yield immediate 
and fruitful results. 

Inter- University Relations 

The question of inter-uni veu- 
sity relations ^^■as di.scussed at a 
recent Congress of Universities 
of the Commonwealth. The prob- 
lems discussed covered both 
administrative and academic as- 
pects such as, business arrange- 
ments between universities Jis 
will enable a student or a teacher 
to move from one university to 
another without academic loss of 
standing or financial embarrass- 
ment, and to make such an ex- 
change sufficiently attractive from 
an academic point of view as to 
research and other facilities. The 
Congress agreed to recommend 
that the universities of each 
country should be encouraged to 
form an agency which should act 


as an instrument of communica- 
tion with universities elsewhere. 
Further, since the Congress meets 
only every 5 years, it was sug- 
gested that, in the years betw^een 
such meetings, vice-chancellors 
and senior members of staff 
should visit each other as fre- 
quently and as regularly as 
possible. 

The Congress passed several 
resolutions designed to make the 
traffic between universities easier 
and less hazardous. They were : 

(1) to set up a Central Office of the 
Universities Bureau to announce 
and advertise vacancies. Such 
a Bureau will arrange for candi- 
dates to be interviewed by a 
panel of experts in that particu- 
lar field and the successful can- 
didate to be supplied with infor- 
mation relating to the facilities 
at the university he is to work in ; 

(2) the question of superannuation 
benefits to be taken up so that a 
worker is not made to suffer 
financial loss if he goes to other 
universities ; a Committee was set 
up to enquire into this question ; 

(3) foundations and other bodies 
to be approached for financial 
help to meet travelling expen.ses of 
.scholars {Nature, 1948, 162, 585). 

Industrial Research 

in France 

The setting up of industrial 
research centres to serve the needs 
of industries is facilitated by a 
recent legislation enacted in 
France. Certain industries had, 
prior to this legislation, set up 
representativ'e re.search bodies, 
of which the Centre Technique 
des Industries de la Fonder ie is an 
example. This body derives its 
income from a levy consisting of 
obligatory contributions from 
firms in all branches of the 
founding industry, ferrous and 
non-ferrous, and supplemented 
by payments for specific inve.stiga- 
tions undertaken at the request of 
firms. The aim of the present 
legislation is to define the status, 
and regularize the methods of 
inaugurating new indu.strial re- 
search bodies without materially 
affecting the position of those 
already in existence. 

Under the new Act, research 
centres may be created to serve 
any industry, provided that a 
sufficient degree of agreement and 
support is forthcoming from 
appropriate trade associations 
and organizations representing the 
industry. The approval of the 
Minister for Industry and Com- 
merce must then be secured. The 
aims of industrial research centres 


are to further technical progress, 
to take part in increasing produc- 
tion, and to ensure the quality of 
products of the industry with 
which they are associated. These 
centres are to engage themselves 
in experimental research work 
and to take part in the framing 
and adoption of rules to enable 
the control of quality in produc- 
tion. Each centre is to lie con- 
trolled by an administrative 
Council whose constitution must 
be approved by the Minister of 
I.abour. 

The income of these centres is 
to be provided by a compulsory 
levy from firms within the indus- 
try concerned, and from payments 
made for investigations sponsored 
])y individual firms. The method 
of collecting the.se obligatory con- 
tributions from the industry is to 
be arranged by consultation be- 
tween the Council and the Minister 
of Labour, and the appropriate 
Ministries responsible for finance. 

] ‘revision is also made for the 
setting up of industrial research 
centres which may cover a sphere 
of activity overlapping more than 
one industry. Such a research 
centre would be supported, not 
by contributions from individual 
firms as in the case ni other cen- 
tres, but by sums contributed by 
the research centres representing 
the different industries concerned. 

.\ny research body already in 
existence and associated with a 
particular industry may, under 
the present legislation, make ap- 
plication to assume the status 
and privileges of an industrial 
rtisearch centre provided that 
sufficient support is forthcoming 
from the industry. A research 
centre which is considered no 
longer to have the support and 
confidence of its parent industry 
may be dissolved with the ap- 
proval of the Minister ( Bull. Bri- 
tish Cast Iron Bcs. Assn., 1948, 9, 
251 ). 

UNESCO Grants 

The UNESCO has a.ssigned 
£60,000 to its work of educational 
rehabilitation in war-devastated 
countries. The beneficiaries will be 
-'\u stria, Czechoslovakia, Greece, 
Hungary, Italy, Poland and devas- 
tated British Colonies. 

A grant of $7,500 has been 
made to the International Council 
for Philosophy Humanistic 
Studies to help the Council in the 
early stages of its work. The 
Council is to co-ordinate the 
dissemination of information ra- 
garding works published or begun 
in the field of philosophy, human- 
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istic studies and related branches 
of study and to encourage the 
setting up of international organi- 
zations in fields in which no such 
organizations exist. 

F.A.O. Liaison Committee 

To ASSIST THE GOVERNMENT OF 
India in the discharge of the 
obligation accepted by them as 
members of the F.A.O. of the 
United Nations and to co-ordinate 
the collection of information 
required by the F.A.O. from 
India, and, in general, to act a- a 
clearing house for the exchange of 
information between the F.A.O , 
the Ministries of the Central 
(iovernment, Provincial (Govern- 
ments and Indian States, it has 
been decided to set up a National 
Food & A^yiciiltuve Ov^ani:ation 
Liaision Committee. It will consist 
of the Agriculture Seendary to 
the (Government of India as 
Chairman and 16 other members. 
Of these 5 non-officials will 
represent the Central Legislatun', 
2 will be representatives of the 
Federation of Indian Chambeys 
of Commeire Cy Industry, 3 of the 
rural peoples’ interests to be 
nominated by the Agriculture 
Minister, and one represemtative 
each from the Ministries of 
Agriculture, Food, Health, ('om- 
merce. External Affairs and Com- 
monwealth Relations. The \dce- 
Chairman of the Indian Council of 
A yricultural Research will also be 
a member of the Committee. 

Indian Institute of 

Chemical Engineers 

The Indian Institute of Chemical 
Fngineers ( President : i)r. Hiralal 
Roy ) was inaugurated in Decem- 
ber 1947 at l^atna. At the first 
session of the Institute, also 
held at Patna in January 48, 11 
technical papers were read b\' 
members and discussed. Since 
then, a number of meetings have 
been organized at (Calcutta for 
the discussion of papers on 
chemical engineering topics. The 
Institute has over 100 members 
on its rolls, and its officers are 
temporarily located at 5/2, (Gar- 
lick Place, Calcutta. 

The first general meeting and 
the second annual session of the 


Institute will be held at Allahabad 
in January 1948 during the 
Indian Science Congress Week. 

ANNOUNCEMENTS 

Dr. M. S. Kuishnan, Super- 
intending Geologist, Geological 
Survey of India, Southern Circle, 
has been appointed Director, 
lUireau of Mines, (Government of 
India, in place of Dr. D. N. Wadia 
who has retired from December 1, 
1948. 

The Council of the Tnstitiite of 
JAigineers { India ) have nomi- 
nated Dr. D. R. Malhotra as a 
member of the recently consti- 
tuted Advisory Council for the 
School of Mines & Geology, 
Dhanbad. for a period of 3 years. 

The (Government of India have 
(It'cided to raise the standard of 
tlie Scho<d of Mines (S> Geology, 
Dhanbad, to that of tiie Royal 
School of Mines, London. 

Tiie rMTEi) States Medal for 
Merit, the highest award made 
by the President of the I nited 
States of America, has been 
presented this year to Sir Alex- 
ander I'leming and to Sir 
Howard Idori'V for their work 
on penicillin. 

rniversities Commission : The 
Education ^linistry of the 
Government of India have 
appointed a Fniversities Com- 
mission to study the existing 
system of higher education in 
India and to submit a plan for 
its expansion and improvement. 
The Commission will consist of 
9 members with Dr. S. Radha- 
krishnan as Chairman. Two of 
the members are from IJ.S.A. • — 
Mr. .\rthur E. Morgan, lately 
President of the Antioc College 
ami Chairman of the 7\r..d., and 
Dr. John J. Tigert, lately Com- 
missioner of Education in the 
U.S.A. and President of the 
Florida University. A third 
member, Dr. Duff, is from Bri- 
tain. The Indian members, be- 
sides the Chairman, are Dr. 
Zakir Hussain, Dr. Meghnad Saha, 
Dr. Birbal Sahani, Dr. A. Laksli- 
manaswaini Mudaliar and Dr. 
Tara Chand, 


German Scientific Books:' 
Books published in Germany 
may now be ordered through a 
book-seller who may apply 
directly to the publisher in 
(Germany. The transaction is 
administered through the Joint 
Export Cy Import Agency of 
Military Government and payment 
can be made in the currency of 
the country in which the original 
order is placed. Many publishers 
in (Germany who forsee a demand 
outside for a book in Germany 
generally obtain the required 
licence soon aftiT V appearance 
of the book in Geru.any. 

The publication of a new book, 
Neure Probleme de^ Abstam- 
niung.^lehre by Dr. Berhard Rensch 
( Published by F'erdmand Enke 
Verlag, Stuttgart ) has been an- 
nounced { Nature, 1948, 162, 

562). 

Scientific journals available 
in India : Dr. Alexander Wolsky, 
Principal Scientific (Jfftcer, Science 
(>)-operation Office for South 
Asia, University Buildings, Delhi, 
writes as follows : “It has been 
suggested that a ILst of scientific 
periodicals available in different 
institutions in India would be 
\xTy useful for the scientific 
workers. On account of lack of 
information as to the availability 
elsewhere within the country of 
particular scientific literature, 
progress in work is often hamper- 
ed. It has been proposed that the 
work of compilation of a list of 
periodicals and journals, which 
one may consult at a short 
notice from the libraries in India, 
may be taken up by this Office. 
This information will also be 
very welcome and useful for 
workers outside India in the 
region of this office, like Bunna^ 
Malaya, Siam, as also the regions 
of Middle East and East Asia 
where I ONESCO is keeping similar 
offices." 

Dr. Wolsky will be glad to 
have lists of journals and periodi- 
cals available in the libraries of 
various institutions, grouping 
them under the following heads : 

(i) for consultation on the .spot, 
i.e. not to be taken outside, and 

(ii) for loan ( on pre-payment of 
postage for sending the journals ). 



Reports 
States & 

MADRAS 

Technical Training 

Establishments 

The Auto School for training 
technicians in automobile techno- 
logy, the first of its kind in the 
Province, was recently declared 
open by the Hon'ble Minister for 
Industries in Madras. The school 
will impart training in all branches 
of automobile engineering and 
technology. The school is situ- 
ated in Creneral I^atters Road, 
near Mount Road, Madras. 

There are 8 polytechnic centred 
working in different parts of the 
Province. A trades school is 
^ittached to the polytechnic at 
Mangalore, and industrial schools 
are attached to other polytech- 
nics except those at Coimbatore 
and Vuyyuru. Subjects such as 
cabinet-making, carpentry, gene- 
ral mechanics, book-binding and 
blacksmithy are taught in these 
schools. The courses vary from 
2 to 3 years at the end of which 
certificates are awarded to suc- 
cessful candidates. 

A scheme for special training 
for textile workers is being 
examined by the Director of 
Industries. 

Irrigation Project 

for Malabar 

The first major irrigation 
project for Malabar, the Malam- 
puzha Scheme, has been sanc- 
tioned by the (kjvernnU’nt. The 
main object of the project is to 
stabilize the existing ^irrigation 
facilities afforded to 40,000 acres 
in Palghat taluk andj its sur- 
rounding areas. At a later stage, 
this scheme will be developed into 
‘a hydroelectric project. The 
scheme will cost Rs. 3*3 crores in 
its first stage, of which Rs. 135 
lakhs will be paid by tl\e Govern- 
ment of India. ‘ 

The scheme will enable 5,800 
additional acres to b^ brought 
under cultivation ; 7,10(^ acres of 
single-crop land can be converted 
into double-crop land, and on 
11,350 acres' of double-crop 
land, a third crop can also be 
cultivated. As a result of this 
project, 15,000 tons of rice, in 


from 

Provinces 

addition to what is already grown 
in the area, will be available. 

Another project, the Cherii- 
mangalam Irrigation I’roject, esti- 
mated to cost about Rs. 8 lakhs 
and irrigate 1 ,800 acres, has been 
sanctioned by the Government. 

Phosphate Deposits 

A SURVEY OF THE MINERAL 
deposits of the Trichinopoly dis- 
trict, carried out in 1940 by the 
Geological Survey of India, reported 
the occurrence of phosphatic 
nodules over an area of 11 to 12 
square miles. The reserves, oc- 
curring to a depth of 50', were 
estimated at 2,000,000 tons. 

The (rovernment have examined 
the question of utilizing these 
phosphatic nodules for the pro- 
duction of superphosphates. 3 
methods have been suggested 
for trial : (1) conversion of the 
ground nodules into superphos- 
phate by treatment with sulphuric 
acid ; (2) calcination of the ground 
nodules witii felspar, quartz and 
magnesite in a rotary kiln to 
yield a sintered product in which 
part of the phosphate in the 
original mineral is rendered solu- 
ble ; (3) fusion of nodules with 
silica and magnesia in electric 
furnace to yield a product in 
which all the phosphate is con- 
verted into a soluble form. 


NEW DELHI 

Asian Regional 

Commission of the I.M.O. 

The 11-day session of the 
first Asian Regional Commission 
qf the International Meteorological 
. Organization concluded in New 
Delhi on 27th November, 1948, 
after passing 44 resolutions and 
Tecommendations for the better 
co-ordination and utilization of 
meteorological services in the 
region. 

The Conference resolved that 
sub-continental broadcasting cen- 
tres should be established at 
New Delhi, Tokyo and Kahbrosk 
( USSR ). These broadcasts are 
intended for the meteorologists 
of the respective countries and 


will be in codes approved by the 
I.M.O. It was recommended that 
all countries in the region shoulJ 
organize their own national broad- 
casts on proper standards so that 
the sub-continental transmissions 
are facilitated. The Conference 
also recommended that national 
broadcasting centres be estab- 
lished in Afghanistan, Arabia, 
Iran, Saudi Arabia and Syria. 
Some of the other recommenda- 
tions made by the ('onference 
relate to the co-ordination of the 
national and sub-continental 
broadcasts, data to be included, 
codes to be used and standards 
of transmission. Area for meteoro- 
logical reports from ships and 
for shipping forecasts were also 
allotted. 

It was resolved to establish 
Standing Sub-Commissions for 
agricultural meteorology, hydro- 
logy, meteorological transmis- 
sion and development of mecha- 
nical statistical methods. These 
sub-commissions will function in 
close collaboration with the I.M.O. 
Commissions and co-ordinate and 
develop the work of the various 
organizations in the region. 

Otlier resolutions and recom- 
mendations passed by the ('on- 
ference were in respect of improve- 
ment of the existing network of 
meteorological stations and their 
working. It was decided that 
the countries in the regions should 
adopt 4 international synoptic 
hours of observation for surface 
observations. It was recommen- 
ded that 03 -00 and 15*00 
( (f.M.T. ) should be ado])ted for 
radio-sonde observations ( with 
a tolerance of ^ one hour ), and 
15*00 (;.M.T. and 00*00. 09*00, 
15*00 and 21*00 hours for pilot 
balloon observations. The adop- 
tion of these hours is to come 
into force from January 1, 1949 
and, if that is impo.ssible, by 
January 1, 1950. 

The Conference also recommen- 
ded that countries in the region 
should individually or jointly 
arrange for the establishment of 
island weather stations, stationary 
weather ships and meteorological 
reconnaissance flights and for the 
securing of weather report.s 
regularly from transport air-craft. 

It was found that the inter- 
national system of storm-warning 
signals was not adequate for 
tropical regions and the Con- 
ference accordingly recommended 
a review of the existing system. 
It was also decided that four 
countries should be selected for the 
maintenance of standard barome- 
ters to facilitate intercomparisons. 



INDIAN PATENTS 

The following is a list of a few of the Patent Applications notified as 
accepted in the Gazette of India, Part II, Section I, for November 
1948. Patents from the Council of Scientific & Industrial Research 
are indicated by an asterisk. 


Chemical & Allied Products 

raints, Winiishcs Lacquers 

*38062. SiniMyi’i : C'onv'crsion of Bhilawan Sholl 
li(|ui(l to a non-\c‘sicatin^ Oryin^^ product for 
the manufacture of air-drvini^ varnish composi- 
tions : Copolvniericiiig Bhilaiuan Shell liquid 
icith turpentine. 

*38064. SiDDign cS: Du \k : ('onversion of Bhilawan 
Shell liquid to a non-vesicating; drying; product 
for th(“ manufacture of lacquer varnish, stov- 
in^^ enamels. waterj)roohn;; or like materials : 
Cnp()lv>neri:ini^' vegetable oils, Jlhiluwan Shell 
liquid, turpentine or rosin. 

I nor^anie Cheinieuls 

30320. SrT.xoNi:, Saletdre <fc ]\Iene : Activation 
of bau.xite for bh'achiii}; \'e;;ctable oils and 
fats : I'inely poiedered bauxite is dehydratid at 
a temperature of above 300 C., cooled, treated with 
aeid, washed and dried. 

Ori^anie Chemicals 

39503. X. W De Bata a esc he Betkoletm Maats- 
CHAIM’IJ : I‘'xtracti\’e crystallization process : 
Contactini^ mixtiire of oryanie compounds with 
urea in presence of water, separatiny the slurry 
of complex compound jormed and deeomposiny it. 

38930. C'lBA Ltd. : Manufacture of new amines. 
(.\ddition to No. 36267) : Reaction a 1 : 2-dihy- 
drofluoranthene with an alkyl halide containiny a 
Itasie yroup in the presence of an ayent capuhle 
of eliminatiny hvdroyen halide. 

30476. Mead Johnson & Co. ; Process of prepariii}; 
2-sulfanilamidopvrazint* : Reaetiny 2-aminopv~ 
razine with p-acetanunobenzene-sulfonyl chloride 
and removiny acetyl yroup from the product. 

37345. Williamson : Method for producing; 5, 6- 
dimethoxy-8-amino quinoline ; Comprises of 
reaetiny 4-acetamino-5'nitro~veratrole, ylycerine, 
arsenic acid and sulphuric aeid. 

40090. l.C. 1. Ltd.: New quinoline derivatives: 
Reaetiny pyrimidulamino quinoline with a quater- 
nary salt-form iny ayent. 

3 / iscella neous Chemicals 

38823. Kao & Skeenivasava : Production of dis- 
tillery washes liavin^ alcohol concentration of 
10 to 14 per cent by volume : Ferment iny suyar 
solution by yeast of the species of Saccharomyces 
cerevisiae. 

36961. Universal Oil Products Co. : Process for 
producing hydrogen : Reaetiny catalytically 
gaseous hydrocarbon and steam. 

40111. Kloppenburg : Process for winning sugars 
from the molasses from a cane and/or beet 
I sugar factory : Alcohol-water solution of molasses 
treated with lime to form monocalcium salt of the 


suyar which is thereafter treated witii carbon acid 
to yet free suyar and calcium carbono ^ precipitate, 

31398. LC. 1. Ltd.; Construction of ircraft run- 
ways, roads, iloors, and like surfaces and 
manufacture of water-repellent materials there- 
for : To the earth's .surface is applied an aqueous 
solution of ammonium or other wate -soluble salt 
of a water-insoluble carboxylic acid and an 
aqueous solution of a water-soluble multivalent 
metal salt. 

31610. l.C'.I. Ltd. : Manufacture and application of 
Wcder-repelli'iit constructional materials : Pre- 
parations are intimate mixtures in powder form 
containiny at least two inyredients from the 
followiny, viz. (a) water-soluble salts of water- 
insoluble carboxyl ic acids ; {b) water-soluble salts 
of polyvalent metals ; (c) water-insoluble polyvalent 
metal salts of carboxylic acids obtainable by 
interaction of (a) and {b) ; {d) water- insoluble 
carboxylic acid ; (c) salts of acidic polyvalent 
metal oxides, which salts are either water-soluble 
or decompose on contact with water into a water- 
soluble base and a water-insoluble polyvalent 
metal hydroxide, subject to certain provisions. 

36682. Khorana & Bhunvara : Mucilage of plan- 
tago as an emulsifying or thickening agent. 
Fmulsifyiny paraffin or veyetable oils with 
extract of plantayo seeds. 

37604. Anglo- I RANI an Oil Co. Ltd. : Synthesis of 
hydrocarbons and oxygen-containing com- 
pounds from mixtures of carbon monoxide and 
hydrocarbon. Reaetiny carbon monoxide hydro- 
yen and olefine in presence of catalyst. 

39388. N. V. Vkknknd aa’sche Sajet — En Vijes- 

CHACHTFABklEK VOORHEKN WeD. 1 ). S. VaN 

Schuppen & ZooN : 1 Process for the production 
of sterols and of their additions products 
from material containing sterols. Treating sterol 
containing material with compounds containing 
NH^-yroupsand decomposing the addition product. 

Fuels & Lubricants 

38266. N. V. i)E Bataaesche Petroleum Maats- 
CHAPPij ; Mineral greases containing barium 
and/or strontium soaps : Comprises of using oxy- 
fatty-acid in mineral oil. 

37719. Standard Oil Develop. Co. : lh*oce.ss for 
the gasification of carbonaceous materials and 
for the manufacture of water gas : IVithdrawing 
a portion of carbonaceous material from the 
reaction zone and contacting it with air under 
combustion condition. 

Medical Research & Practice (Including 
Clinical Application of Drugs & Phar- 
maceuticals ) 

38479. Uhosh ; Process for the preparation of 
cinchonine ethyl carbonate and dichinconine 
carbonate : Condensing cinchonine with car- 
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bonyl chloride or ethyl chlorocarbonate or diethyl 
carbonate, 

37354. Campbell : Ariti'm^Urial compounds, inter- 
mediates and process of producing them : 
Condensing O-nitro-p-alkoxy aniline with methyl- 
vinyl ketone to form 6-alkoxy-8-nitvolepidine and 
condensing the lepidine after reduction with 
alkylaminoalkyl halides or their hydrohalide. 

39684. Director, Haffkine Institute : A process 
for the preparation of 2-( para-ami nobenzene- 
sulphonamido )-thiazole : Condensing p-ace- 
tamino-henzene-sulphonyl chloride ivith 2-ami no- 
thiazole in the presence of alkali carbonate and 
heating the condensation product with a further 
amount of 2-amino-thiazole. 

Metals & Metal Products 

37018. John Miles & Partners ( London ) Ltd. : 
Improvements in and relating to the refining 
of metals : By projecting oxidizing fluids into the 
molten metal. 

37606. United Anodising Ltd. : Production f)f 
anodic films on metal surfaces : Current passed 
through metal articles disposed between anode and 
cathode but not connected to them. 

38302. United Anodising Ltd.: Electrolytic treat- 
ment of metals : Bath containing orthophosphor ic 
acid, organic inhibitor, water and sulphuric acid, 
used for polishing metal put as anode. 

39720. Kepublic Steel Cokpn. : Refining of ore 
in blast furnaces : Ratio of charge maintained 
between 2 45 and 2'8, blast rate kept above normal, 
and discharge gases thrattled to maintain furnace 
top pressure at least 5 lb. per square inch gauge. 


Miscellaneous 

38633. Chloride Electrical Storage Co. Ltd. : 
Level indicating devices for electric accumu- 
, lators : Of the type comprising a float with a stem 
projecting upwards with marking thereon. 

37448. Booth : Aeration or flotation machines and 
methods of froth flotation : Setting in motion 
an axial current of aqueous pulp, intercepting the 
pulp flow along on iniperforaie plane having a 
trailing edge and sweeping a current of aerating 
fluid over and aerors the trailing edge into the 
pulp flow. 

38424. Bake : A method and an apparatus for 
withering tea-leaf : Tea-leaf is conveyed by means 
of an air current through one or more withering 
rooms, and subjected to a movement opposite to 
the direction of said current. 

39767. Apte & Sengupta : An improved type of 
gas and air filter : Jn air filter for internal 
combustion engines in which saiu dust is used 
instead of coir, felt, etc. 

38046. Fre\"SSinet : A method of manufacturing 
pre-stressed concrete articles particularly rail- 
way sleepers and articles : Placing in the 
rounded end portions of hoops two members 
capable of resisting the tension exerted by these 
hoops, incorporating the said members in the 
interior portions of a mould and housing concrete 
into the mould. 

39930. M. Konecnv' : Manufacture and application 
of insulating material for buildings and the 
like ; Consisting of bands made by binding 
corncobs. 



Study of the History of Science 


T he decision to form a Society for the 
promotion of study and research in 
History of Science in India, reached 
at a meeting of Indian scientists at 
Allahabad on January 3, is to be welcomed. 
Sucli an organization co-operating with the 
International Union of History of Science 
would gi\'e a much-needed fillip to the pro- 
motion of knowledge on a subject of the ut- 
most interest and importance to this country. 

It must be admitted that the attention 
given so far to the study of history of sciences 
in India is ver\' meagre, but then the 
recognition of history of science as an 
independent discipline and the realization 
of its importance as a subject for study and 
research are comparatively recent. It is 
true that both history and science are ancient, 
but their combination, “ the application of 
the well-known methods of history to the 
well-known facts of science ” is relatively 
new. It is only since the close of World 
War I that the subject gained a place in the 
curriculum of studies in American uni- 
versities, and at a somewhat later date in 
British universities. The first journal 
devoted to history of science — the Isis, 
was started in Belgium in 1913, and the 
History of Science Society, an international 
organization with its centre in America, 
was founded later. In India, while individual 
scientists have made valuable contributions 
to this subject, its study at the university 
level was initiated only 5 years ago in the 
Delhi University, thanks to the foresight of 
the members of the Faculty of Science who 
were seized of the importance of its study, 
particularly in India, which shares with Egypt 
and early Asian civilizations the distinction 
of being the ancient home of science. 

It is of interest to examine briefly the 
value of this comparatively new discipline 
in order to appreciate the significance of the 
decision taken at Allahabad to establish 
the new Society. History of science, as we 


have stated before, is both history and 
science. Science is systematized positive 
knowledge — or what has been taken as 
such in different ages and in different places. 
In the words of Dr. George Sarton*, the 
accumulation and systematization of positive 
knowledge are the only human activities 
which are truly cumulative and progressive, 
and history of science is the only history 
which can illustrate the progress of mankind. 
In fact, according to Sarton, progress has 
no meaning in other fields than in the field 
of science. The understanding of this pro- 
gress is greatly assisted if we penetrate into 
its genesis and evolution. “ Knowledge is 
not something dead and static, but some- 
thing fluid, alive and moving. The latest 
results are like the new fruits of a tree ; the 
fruits serve our immediate practical pur- 
poses, but for all that it is tlie tree that 
matters. The scientist of pliilosophic mind 
is not interested so much in the latest 
results of science as he is in its eternal 
tendencies, in the living and exuberant and 
immortal tree. The fruits of today may 
be tempting enough, but they are not more 
precious, to his way of thinking, than those 
of yesterday or tomorrow. ’ ’ Early science was 
once alive, even as our own will soon be 
dead, and to understand the life of science 
we must observe it as it grows around us. 

And why should there be so much em- 
phasis on the understanding of science ? 
Science represents the greatest triumph of 
the human mind. Its positive achievements 
are many, and it has provided the means ^o 
advance our material welfare. Even more 
important than its achievements are its 
methods and techniques. It is of funda- 
mental importance that every man and 
woman should understand the methods and 
spirit of science and should be educated to 
consi der every day problems and social and 

"^The Study of the History of Science, 1936, Har- 
vard University Press, Cambridge, Massachusetts. 
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political controversies objectively and disin- 
terestedly. It is this objective, disinterested 
struggle for the discovery of truth that forms 
the theme of history of science. The great 
men and women to whom we owe our heritage 
of knowledge and culture are the heroes of 
this history. Their biographies, which are of 
intense human interest and provide material 
for the study of man, fill its pages. They 
are the actors in the great and noble struggle 
for knowledge, and it is they that fashioned 
the tools which mankind employed in raising 
itself from one cultural level to another. 
The method of history is the method which 
leads to the understanding of science — the 
method which leads people to appreciate 
the tasks and social implications of science. 

The promotion of the study of history of 
science is in effect the promotion of a wider 
understanding of science and scientific method, 
and it is for this reason that we welcome the 
inauguration of the Society. Many schemes 
have been formulated and implemented for 
the development of scientific research in this 
country. These are of the utmost value for 
the promotion of nationcil welfare. But the 


problem of educating the people at large to 
appreciate the objects and methods of science 
so that the\^ may enthusiastically support 
scientific research and development has yet 
to be tackled. History is an instrument of 
public education, and we look upon the for- 
mation of the new Society as a landmark in 
the progress of science in the country. Pro- 
fessor Govind Behari Lai, Science Editor of 
the Hearst group of papers in the United 
States, during his recent visit to India, urged 
the need for a scientific movement in this 
country. “ We have got to infuse the mass- 
es with the scientific spirit ; ” he said, “ they 
should have a scientifically trained mind. In 
the past our conditions taught us to think in 
terms of politics. We have now to learn to 
think in terms of science.'’ The scientific move- 
ment to which Professor Lai has referred lias 
been, in our opinion, well and truly initiated 
by the formation of the Society of History of 
Science, and we have every confidence that 
the new Society would help in a wider under- 
standing of the tasks of science and lead the 
people of this ancient land witli its rich scien- 
tific traditions “ to think in terms of .science”. 


Central Food Technological Research Institute 


T he Cheluvamba Mansion, a beautiful 
and spacious building situated on 
160 acres of land, in the capital city 
of Mysore, has been placed at the dis- 
posal of the Government of India for the loca- 
tion of the Central Food Technological Re- 
search Institute. The mansion was formally 
taken over by Pandit Jawaharlal Nehru on be- 
half of the Government of India on December 
29 at a special function organized for this 
purpose and attended by a large gathering 
of scientists and prominent State officials. 

.The Cheluvamba Mansion is situated on 
elevated ground in close proximity to the 
Mysore Railway Station and commands an 
impressive view of the Chamundi Hill on one 
side and the main part of the city on the 
other. The mansion is a 2-storeyed building 
measuring 210' by 445'. There are over 100 
halls and rooms covering a floor area of about 
130,000 sq. ft. The halls are ideally suited for 
lecture halls, library, machine rooms and 


workshops, wliile the rooms are spacious, well 
ventilated and can be readily con\Trted into 
laboratories. The gardens and roads are 
well laid out. The surrounding ground is 
suitable for construction of additional labora- 
tories and staff quarters. It is proposed to 
make immediate arrangements for converting 
a part of the mansion into laboratories and 
to start work in the summer of 1949. 

The Food Technological Research Institute 
is one in the chain of eleven national institu- 
tions sponsored b\^ the Council of Scientific & 
Industrial Research. The Institute will 
have divisions for research and investigation 
on storage and reclamation of food grains, 
composite and emergency foods, food en- 
gineering and dietetics’ adulteration, etc. 
Steps would be taken to stimulate food 
industries in the country, and the Institute 
would collect food statistics and issue 
bulletins on food and food products for the 
information of the public. 



Characteristics of the Ionosphere 
at Calcutta ( November 1948 ) 

S. S. BARAL, S. N. CxHOSH. R. K. MITRA. 
I). C. CHOliDHURY & (Miss) T. K. PAL 

Wireless Laboratory, rniversity College of Science, Calcutta 


T he following are the ionospheric data 
for the month of .November 1948. 
The observations were made at each 
hour of the day for 5 days a week, 
hig. 1 presents the mean iiourly values 
of the virtual heights and critical frequencies 
of the Eg -tnd the critical freciuency of 

the E layer in graphical form during the 
month of November 1948. Eig. 2 gives the 
predictions of maximum usable frequencies 
which can be used for different distances of 
transmissions during h'ebruary 1949 by 
reflection at the V region over ('alcutta. 
I able I gives the list of occasions when 
the E region was found to be abnormal 
and the corresponding penetration frequen- 
I'ies and heights. It is found that in 
this month the abnormal E ionization is 
most prominent during the early morning 
hours. 
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Characteristics of Photoflash Lamps 


MOHINDER PARKASH MURGAI 
Department of Physics, Delhi University, Delhi 


P HOTOFLASH lamps first appeared 
in the market in 1930. The bulb 
was filled with oxygen and contained 
a quantity of aluminium foil which 
was flashed by igniting a chemical covering 
a thin wire through which a current was 
passed^. As the total duration of the flash 
was only a small fraction of a second, it was 
immediately accepted as a suitable source 
of illumination for indoor, instantaneous 
photography. The bulb was naturally a 
great improvement over the magnesium 
powder whose open firing often caused 
accidents, apart from the uncertainty of 
the flash itself^-^. The photoflash lamp, 
on the other hand, provided a completely 
controlled source of illumination. 

To begin with, a certain amount of judge- 
ment was necessary in taking a photograph. 
The shutter was opened just before the flash 
and closed immediately afterwards. This 
naturally entailed some practice before 
successful photographs could be taken, and 
to get over this difficulty synchronizers ” 
were introduced. These were small mecha- 
nisms which permitted simultaneous and 
automatic opening and closing of the shutter 
at the time of the peak intensity of the flash. 
This maximum intensity was standardized to 
occur after about 20 millisecs of the switching 
on of the current in the filament. Under 
such conditions the total duration of the 
flash after reaching half peak intensity was 
slightly less than 10 millisecs. As it was 
found difficult to synchronize the opening 
of the shutter with the flash during such a 
short interval, attempts were made to 
increase the duration of maximum brilliancy 
of the lamp. This was achieved by replacing 
the foil with shredded foil or filaments. The 
deration of the peak intensity was, in this 
way, doubled and led to an easier manipula- 
tion of the shutter'. Curves in Fig. 1 show 
the chief characteristics of the foil-filled and 
filament-filled lamps. It will be seen that 
both types reach the maximum peak 
intensity about the same time. But whereas 
the foil-filled lamp reaches' a higher peak 
intensity than the filament-filled lamp, the 



iMCi. 1 

duration of the flash is larger in the latt(T. 
Also the finish starts more quickly in a wire- 
filled lamp. 

The suitability of the radiant energy 
emitted by the photoflash lamp for photo- 
graphic purposes’’* can be ascertained by 
a comparison of colour-temperatures ( tem- 
perature for black bod\' giving the same 
colour ) of various sources ( Table I ). 

The photoflash lamp is the nearest approach 
to sunlight. 

An interesting recent develoj)ment of the 
flash bulb is the GEC ( speed, midget ) flash 
bulb. This does not contain any wire or 
foil-filling. The sole illiiminant is an extra 
large dose of primer com{x>und oi] the 
heating wire. The special advantage of this 
is the elimination of time lag. 

The foil-filled lamps investigated by us 
were made in the laboratory, for the first 
time in India, with materials available here. 


TABLE I 


Source CoLOitR 

TEMPERATURE 

C. 

Nernst filament 2, 4(H) 

IjinKSten temperature 2,780 S, (MM) 

riash powder ;{,800 

Carbon arc 4,000 

Photoflash lamp .'),(M)0 

Sun r».400 
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Our studies have shown that the bulbs com- 
pare quite favourably with the imported ones. 

Construction 

The essential constituents of the lamp are: 
(a) hollow bulb of known capacity ; (b) hair- 
thin filament connected to electrical leads ; 

(c) primer compound coating for the filament ; 

(d) aluminium foil-fillings ; and (e) oxygen 
at suitable pressure. 

The bulbs were supplied by Kaycee & Co., 
Ltd., Lahore, and were tho e ordinarily used 
for lighting purposes. To avoid accidents, 
particularly while dealing with high-pressure 
oxygen flash lamps, it is desirable to give 
them an inner coating of transparent lacquer. 
This, however, was not necessary in the pre- 
sent work since the pressure of oxygen was 
alwavs kept much below than that of the 
atmosphere. The glass should be of uniform 
texture to minimize chances of cracking. 

As regards the filament for coating the 
primer compound, nichrome was selected 
as the most suitable. It has high electrical 
resistance combined with a high melting 
point ( 1400X.). Since only a few milli- 
meters of the wire are employed, the gauge 
number should be so selected that even one 
or two volts from a cell could provide 
sufficient current to raise the temperature 
of the wire to a degree sufficient to cause 
the ignition of the primer compound. SWG 
No. 40 ( resistance 94 ohms/meter ) was 
used. Half a centimeter of this wire has a 
resistance slightl\’ less than half an ohm. 
Since the fusing current is 1 amp., one to two 
volts should be enough to cause fusion. 

Primer Compound — A mixture of sulphur, 
charcoal and nitre was used in the proportion 
2:1:1. This was coated on the filament with 
a paste of shellac in methylated spirit. The 
mixture burn.^*' with a fountain effect, pro- 
ducing sparks and aids in tlie complete 
combiLStion of the foil contents of the bulb. 

Aluminium F oil — The thickness of the foil 
in the imported bulbs is of the order of 
0-()0()04 cm. The foils used in the present 
work varied in thickness from 0*000056 to 
0*00012 cm. as measured by weighing foils 
of known areas. These foils were locally 
produced by hammering in gold-beaters skin 
and were found quite satisfactory. 

Oxygen — The actual quantity of oxygen 
required depends upon the weight of the 
aluminium foil used. For complete com- 
bustion the bulbs are filled with dry oxygen 
at a pressure of about 30 cm. of mercury 
for 65 mg. of aluminium charge. Oxygen 


was obtained from commercial suppliers and * 
dried by storing over calcium chloride. The 
jar containing calcium chloride is first 
evacuated and then filled with oxygen at 
atmospheric pressure. It gets sufficiently 
dry after 24 hours. The reservoir is con- 
nected to the bulb and sufficient oxygen 
admitted to give the desired pressure as 
indicated by a mercury- manometer. 

Characteristics of the Lamp 

The following characteristics ol the bulb 
must be known : (a) total qiianti of light 
in lumen-seconds ; (b) maximum intensity 
of the radiation in lumens ; (c) time from the 
application of the filament current to the 
start of the flash, in milliseconds ; (d) Time 
from the application of the filament current 
to the peak intensity of the flash, in milli- 
seconds ; (e) total duration of the flash 
above a certain specified minimum intensity ; 
and (f) spectral distribution of the flash 
light. 

The bulbs are manufactured in different 
sizes. A determination of the character- 
istics of the bulb fixes the exact use to vvdiich 
a bulb of any particular size can be put to 
the best advantage"'. For example, the total 
quantity of light of commercial bulbs manu- 
factured by the General Electric Company 
and numbered 10, 20 and 75. are suitable 
for portrait photography, small groups and 
large groups respectively, (c), (d) and (e) 
characteristics are used to regulate the speed 
of the camera shutter in order to avail of 
the maximum light in the flash. Since the 
opening of the shutter is not instantaneous, 
the actual quantity of light across will vary 
with time and mav be represented by a 
graph of the type shown in Fig. 2. The 
shutter opens full\’ only for a part of 
tile time and, consequently, the shutter 
and the flash should be so synchronized that 
the flash reaches the peak at the ]K)int A, 
when the shutter is fully open. 

The determination of the spectral distribu- 
tion of the flash is useful for colour photo- 
graphy*^. .Slight variations in the distribu- 
tion do not matter for ordinar\’ jfliotography, 
but as the distribution ])lays an impornmt 
role in the colour pliotography, due con- 
sideration sliould b(' given to it. 

Rotary Flashometer 

For determining the characteristics men- 
tioned above a flasliometer is emploxcd. 
Various forms of this have been u.sed b\’ ])re- 
vious workers"**. The rotating flashometer 



46 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 2 



Fig. 2 

used in the present experiments was designed 
and constructed in the laboratory and has 
proved completely satisfactory. This con- 
sists of a rotating drum on which a photo- 
graphic film is wrapped. The light from the 
flash bulb, after passing through a slit, is 
made to fall on the film and traces out a 
band of graded intensity. Starting with low 
intensity it reaches a maximum and then 
again falls to zero. As the drum rotates 
at a previously determined speed, the total 
duration and time for which the lamp flashes 
at its peak value can be ascertained. Ab- 
solute intensity can be measured by com- 
paring with a standard source. A special 
feature of the arrangement was the com- 
mutator by means of which it was possible 
to arrange the opening of the slit just before 
the closing of the electric circuit for the flash, 
and the closing of the slit automatically 
when the bulb ceased to glow. Details of 
the assembly are as follows. 

Camera — This consists of two parts : 
a wooden box of special construction and a 
metallic drum capable of rotating round its 
axis, held inside the box. The box is 14" x 
6" X 6" with about a dozen circular holes, each 
0-25" diameter, in a line on one of its sides. 
Attached to this side of the box is a metallic 
cover which is worked by an electromagnet 
for opening and closing the holes, and which 
can be put in the front of any one of the 
openings. The drum is 4" iri diameter and 
12" long, and is positioned at the centre pf 
the box by an iron rod running along the 
axis of the drum. A part of the rod projedls 
outside the box and supports a pulley for a 
belt drive for rotation. The surface of the 
drum on which the photographic film is 
wrapped is about an inch away from the 
holes in front of the box. In order to get a 
sharp impression on the photographic record 
a smalT metallic cylinder with a sharp slit 


attached to the side is inserted in each one 
of the small openings on the side of the box, 
and the slit brought as close to tlie drum 
surface as possible. 

The electromagnetic arrangement for 
opening and closing the holes is shown in 
Fig. 3. E is the electromagnet which 
actuates the rod MN about the fulcrum L. 
H is the hole in the metallic strip. The 
hole normally remains closed, and opens 
only when the magnet is actuated. By a 
spring action the slit closes again as soon as 
the current is stopped. 

Commutator — To operate tlie'flashometer 
it is necessary to have some mechanical 
contrivance by which the following opera- 
tions could be automatically carried out 
successively : Opening of the shutter at pre- 
determined intervals, flashing tlie lamp and 
finally closing of the shutter. This was 
arranged by a commutator of special design 
shown in Fig. 4. 

This consists of a cylinder 3" in diameter 
and 4" in length, partly brass and partly 
ebonite as indicate^d. A V-shaped spiral 
groove of 5 or 6 turns is cut over the whole 
length, the last turn being a continuous 
circular groove. The commutator is suitably 
supported and made to rotate by means of 
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n bc‘lt drive at a retaliated speed. Two 
elastic metallic brushes press against tlie 
grooves and move laterally as the com- 
mutator is rotattd. Tliis lateral movement 
stops a-; soon as they naich tlie circular 
groove. As the liritshes move in the spiral 
groove, one of tlie brushes leading the other 
bv a fraction of a revolution, electrical 
connections are made hv the metallic portions 
of the groove. The leading one opens the 
shutter by actuating a current in the electro- 
magnet, and the other closes the (drcuit for 
flashing the lam{). The circuit is broken 
after one and a half revolutions as soon as 
the brushes come over the ebonite portion. 
The circuits are shown in Fig. 3. 

Some of the photographic records made 
with different weights of aluminium foil at 
various ])ressures of oxygen are sliown in 
Fig. 5. The total duration of the flash can 
be estimated from those with a fair degree 
of accuracy' if the speed of the drum is 
known. 

For the determination of the interval of 
lime between tlie contact and the peak of the 
flash, a 2-volt torch-bulb is put in series with 
the flash bulb. The metallic brush used for 
operating the electromagnet was permanently 
connected to the metallic part of the 
commutator through a kew Also two 
slits are provided instead of one, one 
for the flash bulb and the otlier for the 
2-volt bulb, both worked b\’ the same 
electromagnet. 

In starting the observations the motor 
was allowed to run for a time till it acquired 
a constant speed. The ke>' was then 
closed and the brush allowed to fall on the 
commutator. Two flashes are traced out 
on the film, one through each slit. Assuming 
that the time required for lighting up the 
2>volt bulb is negligibly small, it is easy to 
determine the interval between the contact 


and the peak of the flash. Fig. 6 a record 
of one of these observations. 

Measure ment of Light Intensity Imr 

measuring the illuminating ])ower a 500-watt 
lam}'‘ was selected for comparison, 'braces on 
the film with this lamp at different distances 
were obtained and microphotographed along 
with that of the flash bulb. For cutting 
down light from the bulbs b\’ a known 
fraction, screens for transmitting a definite 
fraction of the light were used. These 
screens were pre])ared 1;\' stretching metallic 
strip."' of about 2 mm. width at suitable 
distances across a frame and placing them 
between the bulb and ilie slit at the time of 
taking the trace. No special advantage is 
obtained bv rotating the frame as the 
duration of the flash is too short. 

Lumens St Lumen Seconds 

The illuminating power of the flash lamp 
at its peak value is given by the relation 
in 100 

47711-^, X/ X 

where 

U' - wattage of the standard lamp whose 
intensity at a distance d { in feet ) equals 
the intensity of the flash lamp placed at a 
distance D. 

T = percent age 7 of light transmitted 
through the screen. 

f — conversion factor for expressing 
wattage in candle powers. 

The photomicrogram gives the variation 
of the intensit\' of the flash bulb with time. 
PTir determining the total output of light in 
lumen seconds, a time-intensity curve is 
plotted for the flash bulb. The distances 
on the trace are convertible into time scale 
and the deflections of the microphotometer 
are expressible in terms of intensity ; since 
the response of the microphotometer, as 
that of the photographing film, is not linearly 
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TABLE II 

Dist-anck in Dkflection 

INCHICS JN CM. 

52 

5iS> 5 • 2 

7(J 7- 5 

90 U-5 


related to the intensity, the curve is divided 
up into a number of smaller parts where this 
relation may be considered sensibly linear. 
The mean percentage of the intensity of 
light for each one of these parts is then 
calculated by first obtaining the point by 
extrapolation where the intensity may be 
considered 100 per cent and then applying the 
inverse square law for calculating the average 
intensity for various deflections. Conver- 
sion factors are obtained for time-axis and 
intensity-axis. The total area in the time- 
intensity graph being divided into a number 
of smaller areas, the actual energy output of 
the flash lamp is given in lumen seconds by 
multiplying each area with its corresponding 
conversion factor and adding all the products 
together (Fig. 6 ). 

The following observations recorded in a 
typical set are given as an illustration. 


where 

W ~ 500 watts 
/ = 2 c.p./watt 
d - 45/12 := 3*r 
T 25% 

1^ — 78 X HF lumens 

The curve is divided up in .ceven lengtlis, 
as shown in Figs. 6 and 9. The intensity 
is 100% at 45^ 

Total length of the flash — 12 cm. 

Total duration of the flash — 120 millisecs. 

Most effective duration of the flash 
40 millisecs. 

Lapse of time between contact and peak 
of flash — 100 millisecs. 

Total energy output — 172 x 10'“^ lumen 
seconds. 

Energy output at the peak — 8,500 lumen 
seconds. 








Fig. 7 — Tracs of the flash bulb. 
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TABLE III 


Horizontal 

OISTANCK ALONO 

X-axis oivino 

1 1 M i: 

(III. 

()•() 

1 4 
'i-7 


0(1 

] 2 r. 

12 U 
I US 
21 s 
•i.*) • i 
2 U • 
27() 

2S ■ <) 
:i 2-7 
• 7 

:is • s 


VllRTICAL 

DI'FLia’TION AI.ONO 
INTI-.NSITV 

cm. 

11 U 
KM 
4 :{ 

5 • 

40 

;i -2 

0-7 

U 

ij- 1 

(I- 1 
(i:{ 

0-7 
1 -4 

:>■() 

70 

90 


TABLE IV 


No. 

DkFLKCTI ON- 
IN CM. 

Mi;an 

DISTANCF 

IN INCIIFS 

’’b 

IN . F.NSITV 

a 

(M) to 2 0 

470 

IH K 

b 

2 0 to :$ ■ .') 

OO.') 

70 0 

c 

• .*) to 4-4 

.').•$ O 

720 

d 

4-.‘) to U O 

.'>UO 

(«!•.'» 

(• 

UO to 7 0 

U1 

.')0:i 

f 

7 0 to lOO 

7s ■ ."> 

;i2 • 0 


10 ■ 0 to 1 1 • .'» 

1(0 

1 0 • s 


Spectral Distribution 

To examine the character of lif" t in the 
flasli, its spectrum was photogra])lieAl with a 
quartz spectrometer. For this purpose a 
side tube was attached to the bulb and a 
(juartz window provided. This wa;^ placed 
quite close to the slit of the spectrometer. 
The spectrum of tlie flash was very diffuse 
containing arc lines of copper and alu- 



PhOTOMICROGRAPHS 1, 2 AND 3 ARE FOR THE THREE PARTS OF THE PHOTOFL.\SH TRACES. 

Remaining three traces are for the standard lamp at different distances. 
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Fig. 9 ~ Deflkction of the microphotometer 

FOR THE FLASH BULB TRACE. 

minium superimposed on a continuous 
background. 

In order to see how different wave-lengths 
in the spectrum change with time, the slit 
of the spectrometer was reduced to a small 
square of J mm. side. The telescope of the 
spectrometer was removed, and the light 
coming out of the spectrometer prism was 
focussed by a lens on the drum of the rotating 
flashometer. The drum was then set rotat- 
ing and the lamp flashed. The resulting 
spectrum gave the wave-lengths emitted at 
different times It was found that these 


were not very different from those observed 
in the previous photographs. 

These observations are, however, only of a 
preliminary nature and the work is l)eing 
continued. 

The work described in this paper was 
carried out under the direction and super- 
vision of Dr. P. K. Kichlu, and the writer 
wishes to express his best thanks to him for 
his interest in the work and for his encourage- 
ment during the investigation. 
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Race, Language and Culture, hy Franz 
Boas (Macmillan & Co. Ltd., London), 
1948, pp. xx+647, 90 illustrations. Price 
27s, 6d. net. 

The late Prof. F'ranz B^.as’s contribi;- 
tion to anthropology is well known both in 
India and abroad. His work in the fields cf 
physical and cultural anthropology had been 
prolific, thought provoking and competent. 
He founded a school, and his students are 
spread over the Americas and many from 
Europe and Asia have learnt at his feet. 
He was one of those who have given star us 
and reorientation to the science of man. 
To him anthropology had never been merely 
antiquarian research, mere curiosity, ‘Tegard- 
ing the early history of mankind ”. ‘ Knowl- 
edge of the lif(‘ processes ”, wrote Prof. 
Boas, “ and behaviour of man under condi- 
tions of life fundamentally different from our 
own can helj) us to obtain a freer view of 
our own lives and of our life problems.” 
He was more interested in the dynamics of 
life than in the material of cultural life 
thougli the relation between the two was 
never ignored by him. 

In this volume Prof. Boas has tlirown 
light on many problems of anthropology, 
ph\ sical and cultural, and his treatment of 
the two branch(‘s shows his s\'noptic attitude 
to culture which finds culmination in the 
gestalt approach to culture by the most 
aiticulate of his disciples. Dr. Ruth Benedict. 
Tlie book is di\’ided into three major sections. 
Rac(‘, Language and Culture, with a small 
tail of miscellaneous writings on aims and 
advances in anthropological methodology. 
The problems mooted and the arguments 
advanced have the freshness of field and 
first-hand research ; the academic approach, 
where it has become necessary, is not allowed 
to be dogmatic, though the egalitarianism 
in him runs through the whole narrative. 
It is difficult to swim against the tide and 
Boas’s task has been complicated by the 
emotional reaction of peoples of his country, 
and his thesis on the sociology of racism 
has had to be administered in doses mild and 
innocuous. Whether his attitude to racism 
is deliberate or not, his approach has the 
merit of objectivity which seldom has 


inspired the ” so-called ” literature on race 
and ” racialism Prof. Boas recognizes the 
influence of the environment on the body 
form. “I think”, he writes on page 59, 

” the evidence showing that the form of the 
head is susceptible to environmental in- 
fluences is inconvertible.” ”1 al believe 
that adequate proof has been given for 
modification in the width of the face under 
changed conditions of life.” Vet Prof. Boas 
avows that the causes of these changes arc 
still entireh' obscure. If chemical changes 
occur under new' environmental conditions 
and unequally influence growth in different 
directions, he advocates investigations of 
the instabilitx' of the l)ody under varying 
environmental conditions as one of the 
most fundamental subjects to be consider- 
ed in an anthropometric study of human 
population. This is the scientific attitude 
and this is Boasian in ilie fullest sense of 
the term. 

Boas has been a most difficult personality 
in ethnology for his achievement, in the 
words of Prof. Lowie, is full of paradoxes. 
Boas has been accused of a lack of synthesis 
though hi.> is a method probably more 
totalitarian than the functional approach 
of Malinow'ski. Saws Lowie, “ It is still more 
|)aradoxical that this indefatigable collector 
wiio lias consistenth' preached the totali- 
tarian view of culture, has produced not a 
single full length monograph of an>' one 
tribe.” But Boas’s training and his inter- 
ests iB'ver compromised with the study of 
dosed groups, wiiile his ” totalitarianism ” 
finds expression in the sweep of studies he 
made, his owm. His failure to w’rite a mono- 
graph is probably due to the recognition of 
the gaps that every ethnologist has to fill 
up with cement and plaster, but Boas was 
too puritanical to attempt the same. Other 
strong points in Boas’s discipline are. his 
historical sense, his relevant arguments bn 
the phenomenon of cultural parallelism 
w'hich he weighed cautiously with mytho- 
logical evidences, his analysis of the factors 
leading to Eskimo migration, his insistence 
on the comparative method with regard to 
the display of museum specimens and his 
substitution of phenomenalism for “ an arid 
conceptual realism based on premature 
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cljussification ”, exemplified by the literature 
on Totemism. 

In his approach to cultural evolution, 
Boas has an enigmatic role. While Lowie 
thinks Boas was not anti-evolutionary but 
merely attacked Morgan's and others’ evolu- 
tionary schemes, Leslie White thinks it 
otherwise. Boas and his students are said 
to have shown little hospitality to the theory 
of cultural evolution. It is also true that 
Boas and his school, even if they did not 
object to the theory of cultural evolution in 
toto, did not develop an adequate form of evo- 
lutionist theory. Goldenweiser and Radin 
also have characterized Boas’s philosophy 
as anti-evolutionist, a contention which has 
formed the subject of an animated contro- 
versy in the pages of the American Anthro- 
pologist, more particularly^ between Lowie and 
Leslie White. Even if Prof. Boas has not 
been an anti-evolutionist, his approach to 
problems of race and culture in effect gives 
the impression that his first-hand investiga- 
tions and laboratory experiments did not 
encourage him to support the evolutionary 
point of view but the departure probably 
was the result of a scientific scepticism. 
Cultural evolution, however, stands on a 
different footing than that of racial evolu- 
tion, and as Ellwood has shown, a parabolic 
development from pre-control to rational 
decontrol may replace an unilinear evolution 
which Boas and his school have rightly 
contested. Whether Boas believed in evo- 
lution or not, the march of culture is a 
process in which evolution does have its 
role and as Leslie White (Am. Anth., 1947, 
49 , No. 3 ) affirms, evolution is not losing 
ground in American anthropology though 
the Boas school has probably done much 
to undermine it. 

The sweep, the contents, and the methocf- 
that Boas condenses in this volume 
will benefit students of anthropology in all 
parts of the world, and although from a 
cursory perusal the chapters may appear 
to be ” bites”, there is a vast store of knowl- 
edge at the back of the information doled 
opC * is a man lacking and scorning 
any artifice that might attract students. 
Yet he has trained and influenced the 
greatest number cf professional anthropo- 
logists.” The book as presented will equip 
the students of man with multiple starting- 
points for both field study and academic 
researdh without Prof. Boas’s claiming the 
same. We. recomn>end the book to all 
anthropplogisti^ and dso to laymen, for 


both are likely to profit in obviously diverse 
ways. The absence of an index is a desi- 
deratum for which we can blame the pub- 
lishers alone. 

D. N. Majumdar 

A Human Relations Casebook for Exe- 
cutives and Supervisors, by Frances 
S. Drake & Charles A. Drake ( McGraw- 
Hill Book Co. Inc., New York, London ), 
1947, pp. xiv-t-187. Price $2.50. 

This is a book which should be carefully 
read by all persons charged with the res- 
ponsibilities of running an industry or a 
business house or any other organization 
employing a number of persons. In my 
opinion our industrialists have been too 
much preoccupied with technical improve- 
ments of the plant and have somewhat 
ignored the men who ultimately have to 
run the plants and who must be in a right 
frame of mind if maximum advantage is to 
be secured from the available physical 
resources and plant. The McGraiv-Hill 
publishing house has brought out a series of 
useful books, — ” the Industrial Organization 
and Management Series”, de^aling with this 
aspect of industry. 

The approach to this subject in the present 
book is practical. It deals section by section 
with topics like : ” Adjusting the Human 
Resources ”, ” Developing Attitudes and 
Sentiments ”, ” Using and Abusing Incen- 
tives ”, ” Bargaining with Individuals and 
Groups ” Mobilizing tlie Brainpower of an 
Organization ” and ” the Ways of Execu- 
tives and Supervisors”. In each section a 
number of practical cases are taken up and 
topics for discussion arising therefrom are 
suggested and certain principles are derived. 
It may be that conditions in the Western 
countries are different and, therefore, the 
psychological background may have but a 
remote bearing to the conditions existing in 
our country. An intelligent person will, 
however, by studying particular cases, 
easily grasp the principles underlying 
their studies* and apply the principles 
ffiiUatis mutandis to conditions existing in 
our own country. When one considers the 
loss of industrial resources as a result of 
strikes, slackness of workers, disorganiza- 
tion, lack of co-ordination of work in a 
factory and other human elements, one 
cannot under-estimate - the importance of a 
concerted effort to grasp the principles that 
should determine the relations between the 
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executive and the worker in an industrial 
organization and the principles that make 
for maximum output by a harmoneous 
working of the labour force. But under- 
standing of principles is not enough. The 
executive should be trained to apply these 
principles in actual life. I feci that books 
like the present are helpful in achieving 
both the objectives. 

K. R. F. Khilani 

Heat, by Archie G. Worthing & David Halli- 
dav { John Wiley & Sons Inc., New York ; 
Asia Publishing House, Bombay), 1948, 
pp. xii+522. Price $6.00. 

The book opens with a chapter on some 
laboratory procedures — methods of obser- 
vation ; record and treatment of data ; 
presentation of a report ; etc., etc., — and 
sets the pattern on which the whole book is 
cast. It is specially written for the benefit 
of those who are taking up a serious study 
of heat for the first time, and the authors 
have, therefore, been at pains to emphasize 
the physical and tjie experimental sides. 
The whole book abounds with neatly drawn 
diagrams, sketchej*, charts, graphs and 
tables of constants. Numerous applications 
of the princi])les to industry and every-day 
life are discussed and will be greatly apprecia- 
ted by young readers as aids to a clear 
understanding of the subject. 

Each chapter is preceded by an intro- 
duction giving the relative importance of the 
topics discussed. After every discussion 
examples have been worked out to elucidate 
the manner of calculating the results from 
the data j)rovided ; in man\' cases alternative 
methods for the. determination of a quantity 
are given. Wherever possible methods and 
rt^ults of recent developments have been 
incorporated. As an exercise to the student, 
a large number of carefully selected problems 
are added at the conclusion of each chapter. 
In general the treatment is elementary but 
complete within limits, and the derivation 
of formulae which require the use of advanced 
mathematics or understanding of complicated 
physical processes is left out. For the 
benefit of the diligent student who might 
like to go deeper, the derivation of Maxwell 
law of distribution of velocities is given in the 
appendix. Short biographies of great per- 
sonalities in physics mentioned in the text 
form a most interesting feature of the book. 

The topics covered in the book are gene- 
rally those prescribed for pass B.Sc. course 


in Heat of Indian universities and the book 
will be greatly welcomed by a large body of 
undergraduate students. The treatment is in 
some ways different from what the Indian 
students have been accustomed to, but the 
departure is all to be desired and will be 
found most refreshing and stimulating. 

It is a modern text-book in every way. 
Considering the scope of the book the 
authors, as experienced teachers, have done 
a service to the student world by presenting 
the material in such an attractive form. 
There is perhaps nothing the reviewer 
would like to sav by way of crjticism, but 
he feels that the chapter on “ Kinetic 
Theory ” might have been written in slightly 
greater detail. Also, a knowledge of the 
properties of substances at low temperatures 
has become important both in science and in 
industry. A discussion of the liquefaction of 
gases and other methods of producing low 
temperatures could have been included with 
profit. 

The get-up is excellent and the book 
is strongly recommended for adoption by 
Indian universities. 

P. K. K. 

Chemical and Electro-plated Finishes : 

The Protective Treatment of Metals, 

by H. Silman ( Chapman & Hall Ltd., 

London ), 1948, pp. xiii-| 414. Price 30s. 

net. 

Intensive and extensive sctentieic in- 
vestigations into the principles underlying 
the processc's of electrochemical and purely 
chemical methods of suj)plying protective 
and decorative coatings on metals have 
led to vast advances in the industrial 
techniques employed in these fields. Mr. 
Silman has presented in this book a very 
readable account of the subject which will 
be welcomed at once by those interested 
in the underlying scientific fundamentals, 
and those who are mainly interested in the 
technical applications. 

Chapters I to IV deal with the preparation 
of the metal surfaces for the \'arious finish; 
ing processes. All the methods are dealt 
with in sufficient detail, and the data on 
the plants and machinery supported by 
choice illustrations enable the interested 
readers to benefit greatly by the information 
given. The recent developments in elec- 
trolytic pickling are included and also the 
electrolytic methods of polishing of metals. 
The latter subject has roused considerable 
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interest in recent years both on account 
of the reduction in cost and in labour, and 
also because of the fact that in some instan- 
ces, as in the case of aluminium, it is pos- 
sible to produce a higher degree of finish 
than is obtainable by mechanical methods 
of polishing. There can be little doubt 
that electrolytic methods of polishing have 
a considerable future. The electro-polished 
surface is usually free from strain while the 
technique enables a variety of surface 
finishes ranging from a full bright to satin 
or matt finishes. 

Chapter V gives a very helpful account 
of the various methods of metal colouring 
that are now successfully adopted on a large 
scale, processes such as phosphatizing, in 
which metal surfaces are suitably treated 
with solutions of chemicals to develop a 
coating which has a good degree of rust 
resistance and other desirable properties. 
The recipes commonly ijsed are given in 
fair number, with the compositions in the 
oz.-gal. or gr.-lit. system according, perhaps, 
to the available data. 

Chapters VI to XII cov^ering nearly 160 
pages of the book are devoted to the details 
of the modern electro-plating methods and 
plants. The hardness, uniformity, and the 
durability of even thin coatings are the chief 
merits of this important finishing process 
which has now been developed into an art 
well based on a growing science. The 
modern methods of bright nickel plating 
have received special attention over nearly 
12 pages. 

Chapter XIII deals with the important 
subject of finishing of light alloys of 
aluminium and magnesium. Here a good 
account is given of the industrial methods 
of anodizing and subsequent finishing. 

The last chapter, XIV, bespeaks the 
scientific character of this apparently pro- 
fessional book, and gives the various stan- 
dard testing methods for quality control. 

The book cannot claim to be a complete 
guide to the processes described and does 
not claim to be so. It should, however, meet 
adequately the requirements of designers 
and engineers and the processing techno- 
logists. There are also select references to 
original literature at the end of each chapter. 
The book is well printed with many clear 
photo reproductions and neatly arranged 
with an appendix of useful reference tables 
and indexes. The book is highly com- 
mended. 

M. A., Govinda Rau 


Standard Design of Reinforced Concrete 
Road Bridges, by L. E. Hunter (Chap- 
man & Hail Ltd., London ), 1948, pp. 
XV f 176. Price 25s. net. 

Standardization in design and cons- 
truction of reinforced concrete road bridges 
is of the highest importance, especially in the 
present post-war period when damaged 
communication systems have to be set right 
without much delay to bolster up the shat- 
tered economy of many countries. The 
stereotyped methods of design adopted in 
the pre-war period were uneconomical and 
caused considerable loss of time in the 
execution of much-needed bridge projects. 
This book has been published at the most 
appropriate time, and it is certain to be of 
invaluable assistance to students, bridge 
designers and practising engineers. The 
author has to be congratulated on his fine 
effort in publishing so useful a book on an 
extremely difficult subject. 

The author has aptly stated in the preface 
that it would take normally a life-time or 
more to deal adequately with the subject. 
It is indeed .remarkable that he has so 
dexterously compressed a vast amount of 
useful information in a single \’olume of 
176 pages. 

The book deals with simplified designs on 
reinforced concrete road bridges of the 
various types generallx' used. It includes 
also one chapter on steel bridges. It abounds 
in a large number of valuable sketches, 
design tables and diagrams which, along 
with the formulae and calculations used to 
arrive at the dimensions of various members 
comprising a bridge, will definitely simplify 
the work of bridge engineers in the evolution 
of sound and economical designs. 

This book should prove particularly 
valuable for students in engineering colleges 
of Indian universities. 

R. K. N. Iyengar 

The Indian Cotton Textile Industry - - 
1947-48 Annual, by M. P. Gandhi 
( Gandhi & Co., Bombay ), 1948, Vol. XI, 
pp. xiv-f-184-f xxvii. Price Rs. 6. 

Mr. M. P. Gandhi deserves to be com- 
plimented for bringing his 1947-48 annual 
of the Indian Cotton Textile Industry 
which, in a comprehensive and well-arranged 
manner, brings to light all the important 
developments of the cotton textile indu.stry 
in India during 1947-48. The statistical 
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information which was not available in 
earlier annuals have been mostly made 
good and it is hoped that in future annuals 
more complete statistical data would be 
included. 

The contents of the annual have been 
very ably classified and should serve as a 
very valuable ready reference book worthy 
of the library of all those interested in the 
textile industry, — students, economists, in- 
dustrialists and business men. While chro- 
nologically detailing the various develop- 
ments that lead to the discontinuance and 
reintroduction of the cotton control measures 
regarding output, price and distribution, 
he has analysed and given certain very valu- 
able suggestions. So long as the Govern- 
ment of India depend for their advice 
and guidance mostly on those engaged and 
actively interested directly in the profits 
of the industry, and as long as they do not 
have on their staff specially qualified and 
able men in the Textile Directorate, no 
continued and useful policy regarding the 
textile industry can be evolved. In the 
case of such an important national industr^’ 
like the cotton textile industry a policy of 
make-shift just to meet the exigencies of 
times is adopted which, in my opinion, 
gravely affects the future of the textile 
industry. There are (|uite competent men 
well able to determine and advise the 
Government but may not be able to do so 
as long as their loyalties remain divided 
between his employer on the one hand and 
the Government who seek his advice from 
time to time without a cliance to put such 
advice to practise on the other. Both on 
account of its natural importance and on 
account of the varied and several most 
complicated problems involved at each 
phase of the cotton textile industry, the 
Government of India should examine the 
advisability of having a textile directorate 
manned with competent and well-qualified 
staff specially trained for the purpose on a 
permanent basis. 

The several important problems that face 
the Indian cotton industry both now and in 
future have been ably discussed by Mr. 
Gandhi and deserve careful reflection by all 
concerned in the development of the industry 
in India. 

B. K. Murthy 


Microwave Transmission Circuits, edited 

by G. L. Kagan ( McGraw-Hill Book Co. 
Inc., New York), 1948, pp. xvii+725. 

Price $8.50. 

This volume, which is No. 9 of the 
“ Radiation Laboratory Series ”, deals with 
the theory and practice of coaxial cables 
and wave-guides used in the propagation 
of microwaves. Seven authors who worked 
in the M.I.T. Radiation Laboratory have 
contributed to it under the heads ; Ele- 
mentary Line Theory, Materials ai Cons- 
tructional Techniques, Rigid Transmission 
Lines, Flexible Coupling Units and Lines, 
Transition Units ( between coaxials and 
wave-guides ), Motional Joints, Tuners, 
Power Dividers and Switches, Theory of 
Microw’ave Filters, and Design of Microw^ave 
Filters. 

Although the earlier volume, No. 8, of 
the Series entitled ” Principles of Microwave 
Circuits ” covers the theoretical aspect 
of the subject, a certain amount of repetition 
has become inevitable in the present volume 
for the sake of completeness. The chapter on 
Theory of Microw’ave Filters covers aspects 
a])plicable to low frequency weaves also and 
it is followed by a chapter dealing compre- 
liensively with the design of microwave 
filters. ” The theory and techniques des- 
cribed in these tw’o chapters ”, it has been 
stated, ” came too late to pla}' a signifi- 
cant role in the war, but they should prove 
extremely useful in peace-time applications.” 

'The term ” microw^ave ” is as vague as 
ever. For example, Vol. 1 1 on Micro- 
wave Measurements defines microwaves as 
extending from 1 me. /sec. to 30,000 me. /sec. 
In \'oL 8 the word microwave does 
not necessarily imply a particular range 
of frequencies, but ” a characteristic tech- 
nique and aperture field”. In the present 
volume the term ” microwave ” may be 
assumed to include all frequencies greater 
than 1,000 me. /sec., but it has been speci- 
fically stated that the circuits described 
operate in the range from 2,500 to 25,000 
me. /sec. In conformity wdth other volumes 
of the series mks units are used throughout* 
the book ; the text matter is well illustrated. 
The volume is beautifully got up, and it 
is a monumental contribution to the rapid- 
ly growing literature on microw’aves. 

B. N. Singh 



NOTES & NEWS 


Precision Graduation of 

Scientific Glassware 

Mr. H. Dutta, Chief CxLass 
Technologist, Ganga Glass Works 
Ltd., Bulwali, writes as follows : 

“ Students of science and tech- 
nology and research workers, all 
concerned with measurements of 
volume, demand accurately gra- 
duated and properly standardized 
measuring vessels for their work. 
There are a few firms in India 
turning out graduated gla.ssware, 
but the bulk of the articles turned 
out have not attained the accu- 
racy of the N.P.L. ( National 
Physical Laboratory, Teddington ) 

‘ A ' or ‘ B ’ grade. It would be 
realized that the expense apd 
labour spent on accurate or faulty 
graduation are nearly the same, 
and with a little extra care it 
should not be difficult to turn out 
graduated ware of dependable 
accuracy in India.’* 

The writer of this note recently 
visite<i U.K. to study the methods 
of graduation and calibration 
employed by manufacturers of 
scientific glassware in that coun- 
try. The following notes based on 
his experience and study may be 
of interest to Indian manufac- 
turers : 

1. Chemical Composition of 
Glass — No definite composition 
of glass has been prescribed for 
scientific ware. The coefficient of 
cubical expan.sion determines the 
choice of glass employed for volu- 
metric vessels. As the coefficient 
of cubical expansion of water 
is much higher than that of glass, 
it would be sufficient for most 
purposes to use low-alkali high- 
lime silica glass for making 
measuring vessels. Pyrex glass is 
generally employed wherever high 
accuracy is demanded. 

2. Method of Graduation — The 
methods for marking vessels which 
are required to be accurate for 
contents, e.g. cylinders, flasks, and 
those which are required to be 
accurate for delivery, e.g. burettes, 
pipettes, are too well known. 
These methods which have been 
practised for some decades still 
prevail for precision jobs and for 
small production. For mass pro- 
duction of items, e.g. measuring 
glasses, the method is to employ 
pi'e-graduated paper transfer 
scales. After ajpplying the trans- 


fers, the articles are passed 
through a furnace when the 
graduation is permanently trans- 
ferred to tjie glass. 

The major difficulty in adopting 
this method in India is that the 
transfer scales have to be imported 
and they can be employed only if 
the sizes of the articles conform 
accurately in every respect to the 
standard. Any variation, however 
slight, would render their use out 
of question. More recently an 
ingenious printing machine and 
a new technique, “ Silk Screen 
Printing ”, have been developed 
in Britain, whch will render 
possible the precision graduation 
of syringes, ampoules, measuring 
glasses, etc. Although not directly 
applicable to all types of scientific 
glassware, these developments 
have great possibilities in India, 
and their adoption demands close 
consideration. 

The scientific associations in 
India have to examine the position 
connected with the development 
of precisioi^ instruments required 
for re.searcl, education and pro- 
fessional work, and co-operate 
with manufacturers in their pro- 
duction. Standards have to be 
evolved and prescribed for adop- 
tion in India. It should be made 
incumbent on manufacturers to 
stamp their names on articles, and 
a certifying agency as in the tl.K. 
should be established to issue 
certificates of accuracy for scien- 
tific glassware. 

Synthetic Glycerol 

The first synthetic glycerol 
plant, constructed by the Shell 
Chemical Corporation at Houston, 
Texas, went into operation last 
September. Commercial success 
has been attained for the first 
time since the discovery by 
Scheele, 170 years ago, that 
glycerol can be produced synthe- 
tically (Chem. Age, 1948, 59 , 
584). Employed in the manu- 
facture of high explosives, surface 
coatings, and some 1,500 other 
applications, glycerol has become 
a heavy chemical in its own right, 
whose availability as a by-product 
of soap manufacture is no longer 
looked upon as a satisfactory sole 
source of supply. 

The starting material is pro- 
pylene produced from petroleum 


hydrocarbons. Chlorination of 
propylene yields allyl chloride 
and hydrolysis of the chloride to 
allyl alcohol which in turn is 
chlorohydrinated are the principal 
stages in the process. The result- 
ing glycerol dichlorohydrin is 
hydrolysed to glycerol. 

98 per cent pure propylene is 
employed in the process. A suit- 
able excess of propylene is main- 
tained, the mole ratio of propylene 
to chlorine being about 7:1. A 
temperature of 500° to 580°C. is 
maintained during the reaction 
and yields of allyl chloride as high 
as 85 per cent are reported. The 
reaction products are fir.st freed 
of hydrogen chloride by water 
scrubbing. The organic chlorides 
are removed by a kerosene wash 
and are then separated by frac- 
tionation. The residual propylene 
is recycled to the chlorination 
reactors, which it enters pre- 
heated to 400°C. by the outgoing 
products of reaction. 

The hydrolysis of allyl chloride 
to allyl alcohol is carried out 
continuously at 150°-160°C. A 
pressure of about 200 Ib./sq. in. is 
necessary to maintain a liquid 
phase. The allyl chloride con- 
centration in the aqueous .solution 
is of the greatest importance and 
the optimum concentration main- 
tained is about T25 N., i.e. 
corresponding to about 5 per cent 
sodium hydroxide as the hydro- 
lysing medium. Another impor- 
tant factor in the hydrolysis reac- 
tion is the alkalinity of the solu- 
tion. Using sodium carlx)natc 
instead of sodium hydroxide, the 
ether formation is successfully 
repressed well below 10 per cent. 
However, the evolution of carbon 
dioxide results in undesirably high 
pressure. Only a small amount 
of sodium carbonate is, therefore, 
employed and the proper pH is 
restored by successive additions 
of caustic soda to keep carbon 
dioxide in solution. An alcohol 
yield of over 90 per cent is obtain- 
ed. The allyl alcohol is readily 
recovered in its azeotropic ( 71 
per cent ) composition by simple 
stripping. 

The hydrolysis reactors must be 
carefully designed to prevent allyl 
chloride accumulating in overhead 
pockets and causing corrosion. 

The allyl alcohol is readily 
chlorohydrinated in dilute solu- 
tion by contact with gaseous 
chlorine. The reaction tempera- 
ture must be maintained at 
20°-25°C. by removing the heat 
of reaction. Starting with a 
5 per cent solution of alcohol 
in water, 92 per cent yields of 
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the chlorohydrinatccl allyl al- 
cohol can be readily obtained. 
The product of this reaction 
is hydrolysed without purifica- 
tion. Aqueous alkali containing; 
10 per cent caustic soda and 1 
per cent sodium carbonate gives 
the best results. Preferred opera- 
ting temperature is 150"'C. with 
a contact time of 30 minutes. 
About 95 per cent yield can be 
attained in the hydrolysis. 

The crude glycerol is concen- 
trated to 85 per cent in flash 
evaporators. Further purification 
to 99 per cent is effected by a 
combination of .solvent extraction 
( with xylene ) and vacuum frac- 
tionation. 

Tn the alternate and equally 
efficient method, also success- 
fully worked out by* Shell, the 
allyd chloride is directly chlor(j- 
hydrinated. By close control of 
the /?H and a voiding the presence 
of gaseous chlorine in the system, 
it has been possible to obtain 
yields of glycerol dichlorohydrin 
in excess of 95 per cent. Glycerol 
chlorohydrin is hydrolysetl par- 
tially ( 50 per cent ) by treatment 
with lime in a stripping column. 
'I'he resulting glycerol epichloro- 
hydrin is distilled overhead and 
is readily hydrolysed to glycerol 
by treatment with caustic soda 
and soda ash. This process re- 
sults in a sav'ing of nearly' one-half 
of the caustic soda consumption 
l)y the substitution of lime. 

The glycerol manufactured by 
the Shell Chcynical Corporation 
meets the very stringent specifica- 
tions of U .S. Pharmacopoeia. The 
product is water-white, odourless, 
and assays more than 90 per cent 
glycerol. 

Lime-zeolites for 

Water Treatment 

The advantages of the lime- 
/eolite process for water treatment 
arc being increasingly recognized 
{Chern. &• Jnd., 1948, No. 44, 
p. 695 ). The use of carbonaceous 
zeolites for softening municipal 
and industrial water supplies in 
conjunction with lime, overcomes 
many of the disadvantages en- 
countered in the lime and lime- 
soda methods. The carbonaceous 
zeolites, as ion-exchange materials, 
are immune to acid attack and are 
equally effective as the synthetic 
calcium-alumino-silicates in elimi- 
nating supersaturation due to 
calcium and magnesium salts and 
in absorbing small amounts of 
excess calcium hydroxide. They 
can be regenerated with acids. 

The treatment is conducted in 
3 stages. The first stage includes 


treatment of water with excess of 
lime adding, if necessary, a co- 
agulant such as activated sodium 
silicate, alone or in conjunction 
with aluminium sulphate. The 
effluent at this stage should 
analyse to the following : alka- 
linity to phenolphthalein, 40-50 
parts CaCOg per million ; alka- 
linitv to methyl orange, 60-70 
parts CaCOg per million ; hardness, 
60-70 parts CaCOg per million -h 
the permanent hardness present 
in the untreated waters. It is 
not neces.sary to filter the water 
leaving the lime-treatment plant, 
as any suspended matter will be 
retained in the next stage. 

The effluent is passed in the 
second stage through a pre.ssure 
filter containing a stabilizing bed 
of carbonaceous zeolite in the 
calcium form. The carbonaceous 
calcium zeolite acts both as a 
catalytic and mechanical filter. 
It removes suspended matter, 
completes the lime-bicarbonate 
reaction, retains the precipitated 
calciumc arbonate and magne- 
sium hydroxide and absorbs any 
excess of lime. Tests on this 
stabilized effluent should be ap- 
proximately as follows : alkalinity 
to phenolphthalein, nil ; Alkalinity 
to methyl orange, 10-15 parts of 
CaC'Og per milhon ; hardness, 
10-15 parts of CaCOg per million 
t the original permanent hard- 
ness in the untreated water, and 
/)H 6-9-7T. 

The accumulation of calcium 
carbonate and magnesium hydro- 
xide is periodically' removed from 
the stabilizing bed b\' means of 
acid. 

In the third stage the effluent 
from the stabilizing plant (suitable 
without further purification for 
many purposes ) is passed through 
a normal base-exchange softener 
which may' contain a zeolite of 
the natural sodium-alumino-sili- 
cate or carbonaceous ty'pe, in 
which the sulphates, chlorides 
and nitrates of calcium and 
magnesium are converted into the 
corresponding sodium salts. 

The effluent from the base- 
exchange unit is ideal for most 
industrial purpo.ses and should be 
of the following quality : alkali- 
nity to phenolphthalein, nil ; 
alkalinity^ to methyl orange, 10-15 
parts of CaCOg per million ; total 
hardness, nil ; pH 70-7 2, and 
free carbon dioxide 2 p.p.m. 

The zeolite is regenerated by 
treating the bed in an upward 
direction with a solution of sul- 
phuric (05 per cent) or hydro- 
chloric acid ( up to 10 per cent ). 
The base-exchange unit is regene- 


rated with sodium chloride in the 
conventional manner. 

Manufacture of Urea 

The theoretical aspects of 
urea synthesis and the methods 
employed in its industrial produc- 
tion have been recently described 
( Chem. Cy Ind., 1948, 60, 22 ). 

The two fundamental steps in 
the synthesis starting from the 
relatively cheap raw materials, 
ammonia and carbon dioxide, are 
the formation of ammo nium car- 
bamate and the delr ration of 
carbamate into urea. The reac- 
tion being an equilibrium reaction, 
the rate of transformation of 
ammonia into urea in a single 
operation never exceeds 50 per 
cent. The recovery'' of re.sidual 
ammonia and carbon dioxide 
becomes incumbent for economic 
production. Where gases arc uti- 
lized in an auxiliary production, 
such as preparation of ammonium 
sulphate by the gypsum process, 
the recovery is relatively simple. 
Ammonia and carbon dioxide are 
compressed into an autoclave 
{ min. pressure, 120-170 atm. ) at 
170" to 180°C. The transforma- 
tion into carbamate, and its 
dehydration into urea is complete 
in 15 to 20 min. The reaction 
products enter a distilling column 
in w'hich the pressure is reduced 
to 2 to 3 atm. and the temperature 
kept at 75° to 80^ C. Unrcacted 
ammonia and carbon dioxide arc 
led out from the top of the column 
to the auxiliary plant. Urea is 
evacuated from the bottom in the 
form of a concentrated solution 
and cry^stallized. The heat of 
reaction serves to pre-heat the 
gases and maintain the tempera- 
ture of the autoclave at the desired 
level. 

The reactants must ht pure. 
Corrosion of equipment is a .serious 
problem, the outlet valves of the 
autoclave being the most vulner- 
able. A special alloy has been 
elaborated to overcome corrosion. 

The gaseous products containing 
about 6 per cent of water vapour, 
escaping from the top of the 
distilling column, are recycled in 
the absence of an auxiliary plant. 
This proportion of water vapour 
is admissible. The compression 
of the gaseous mixture is not easy, 
and it is inconvenient to introduce 
them under pressure into the 
autoclave in a continuous manner. 
The gases may be introduced in 
the form of aqueous solutions 
pumped continuously into the 
autoclave under pVessure and 
supplemented with additional 
quantities of gases. After the 
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reaction, the mixture is submitted 
to a double distillation. In the 
first distillation, carried out under 
pressure, the . major portion of 
ammonia is liberated. It is lique- 
fied and recycled. After the 
second distillation, at atmospheric 
pressure, the liberated gases are 
dissolved in a minimum quantity 
of water and recycled into the 
autoclave. This process is adopt- 
ed by Dti Pont de Nemours because 
of its several adA’antages. 

The A.F.C. process operated in 
France employs a colloidal sus- 
pension of ammonium carbamate 
in a mineral oil medium. By 
mixing carbon dioxide and ammo- 
nia in a paraffin medium, suspen- 
sions containing 50 per cent or 
even more of ammonium carba- 
mate are obtained. These are 
capable of being pumped without 
difficulty. The suspension is in- 
troduced under pressure continu- 
ously into the autoclave at the 
same time as fresh gases. After 
the reaction the oil is separated 
by decantation. The advantages 
are the non-formation of crusts 
by ammonium carbamate, and 
the easy dissipation of heat. 

After entering the hot autoclave 
the carbamate melts or dissolves 
in the reaction mixture. If the 
reactants enter from the bottom, 
thq oil rises to the top where it is 
constantly evacuated. The auto- 
clave is always full of carbamate. 
The theoretical heat balance is nil 
or slightly po.sitive starting from 
a rate of transformation into urea 
of 40 per cent, if ammonia is 
introduced above its critical tem- 
perature, , and the suspension 
contains 50 per cent of carbamate. 
Urea solution is drawn from the 
bottom of the attached distilling 
column, concentrated under vacu- 
um and crystallized. The gaseous 
mixture from the top is recycled 
to produce the suspension. 

K. Vyasulu 

The Pneumatic Balance 

The principle or the pneumatic 
balance and some of its applica- 
tions have been recently described 
{Md: Chemist, 1948. 214, 676). 

A number of devices based on 
the principle of the Electroflo 
Pneumatic Transmitter developed 
by the Electroflo Meiers Co. Ltd, 
have been given with special 
reference to their applications in 
industry. 

In the pneumatic balance the 
pan and th6 measuring weights of 
a conventional chemical balance 
aj;e replaced by a diaphragm 
which is arranged so that an air 
pressure applipi to it can be 


regulated just to balance the 
material which is being weighed. 
If a baffle is attached to the 
indicating pointer, of the balance, 
and a nozzle supplied with a 
constant source of air is fixed 
beneath it, the^ distance of the 
bafile from the nozzle will control 
the air pressure at the nozzle. 
This pressure can then be used to 
indicate on a gauge when the 
correct pressure is applied on the 
diaphragm to balance the material 
weighed. Such an arrangement 
will give a degree of precision 
comparable with the chemical 
balance, as a minute movement of 
the baffle will produce a big 
deflection of the gauge connected 
to the nozzle. By applying the 
nozzle pressure direct to the 
balancing diaphragm the system 
becomes self-balancing. (Ireat 
sensitivity is attainable without 
any detectable hy.stcresis as there 
is absence of movement. 

The obvious advantages of 
pneumatic balance are for those 
applications where it would be 
neces.sary to run connecting pipes 
containing corrosive, inflammable 
or toxic fluids into control rooms, 
etc., or employing electricity 
where there are fire and explosion 
hazards. 'I'he pressures and flows 
of corrosive fluids can be measured 
and transmitted by this means 
employing a diaphragm chamber 
ancl diaphragm constructed of 
suitably resistant materials, thus 
eliminating the need for liquid 
seals and purging systems in the 
majority of cases. The measure- 
ment of viscous fluids such as 
heavy fuel oil and pitch has been 
successfully undertaken ; the only 
precaution being that the mea- 
suring chamber and the connect- 
ing lines are kept at the same 
temperature as the main feed line. 
The method may also be success- 
fully employed with liquid ammo- 
nia and other fluids which eva- 
porate at normal temperatures. 

The pneumatic balance principle 
can be employed to convert into 
measurable air pressure any quan- 
tity or condition which can be 
caused to apply a force to the 
transmitter weigh-beam, and this 
pressure may be used not only for 
indicating or recording, but also 
for controlling the force. One 
application is, for example, that 
of the level measurement and 
control. Another adaptation of 
this principle is the detection of 
small force changes in a system 
where differences in vapour pres- 
sures of 2 fluids are to be deter- 
mined. A device based on this 
principle has been perfected to 


detect the presence of of 1 
per cent of butane in i.sobiitane. 

Many of the difficulties usually 
encountered with orthodox flow 
meters may be successfully over- 
come by using the force balance 
method employing the same prin- 
ciple. Owing to the absence of 
displacement, the flows of con- 
densible vapours such as steam 
may be measured without the 
necessity for constant-level reser- 
voirs. Other applications in which 
the principle has found use are : 
measurement and control of speed 
of rotation, the pull of a speed 
governor being applied to the 
beam or of torque, weight, etc. 

Grease for Rust Prevention 

In the TKOPICALIZATION OK MOTOR 
vehicles it was hnind necessary to 
devise a means for protecting the 
threads of nuts and bolts against 
rust, and to allow for their easy 
removal. A number of rust in- 
hibitants were tried and an 
aluminium stearate grease com- 
position was selected as satisfac- 
tory [Can. J. Res., 1^48, 26F, 
347 ). The grctise contains : 2 
per cent zinc chromate ( as used 
in paint formulation ), 5 per cent 
graphite (fine flake), 7 per cent 
aluminium .stearate and 0 2 per 
cent stearic acid ; the remainder 
was acid and clay treated Colum- 
bia Distillate having a viscosity 
of approximately 90 S.U.S. at 
210^K. The graphite and zinc 
chromate were slurried with some 
of the oil and passed twice through 
a colloid mill or other shearing 
device to disperse them. The 
remainder of the oil and other 
ingredients were then added and, 
after mixing in the cold, the 
dispersion was heated to 160' C. 
with constant stirring. 'This was 
then allowed to cool and let stand 
for 24 hr. before use. 

Plates with bolts and nuts after 
treatment with the grease com- 
position were subjected to immer- 
sion in sea water for 8 hr. a day ; 
they were then heated in water 
at 50°C. and after 1 hr. the 
heat was cut off and the atmos- 
phere allowed to cool and condense 
slowly. This cycle was repeated 
every 24 hr. After 10 weeks 
under these severe conditions of 
test it was found that the bolts 
and nii,ts treated with the special 
grease composition could be 
loosened by hand and easily 
turned. 

New Uranium Mineral 

A NEW RADIOACTIVE MINERAL 

containing uranium has been 
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reported from Belgian Congo by 
Dr. Paul F. Kerr of the Columbia 
University. The mineral was dis- 
covered by Dr. J. F. Vaes of 
Union Miniere, Jadotville, Belgian 
Congo. Laboratory tests show 
that the material is an unknown 
uranium mineral. It has been 
named “ Sengierite ” in honour 
of Hdgard Sengier who directed 
wartime mineral production in 
Belgian C'ongo. 

Sengierite is found in small 
green crystals which cling to a 
chlorite- talc rock found in th. 
mines. It is similar to the 
American uranium mineral, car- 
notite. except that sengierite is 
a copper uranium mineral while 
carnotite is a potassium uranium 
mineral ( Set. New.^ Letter, Oct. 
1948, p. 248 ). 

Castor Oil in Steel-casting 

C'astor oil promises to be .\n 
etf(‘ctive substitute for linseed oil 
in steel-casting as a binding 
materia! for sand cores. The 
quantity required is usually 2 per 
('(‘lit on the weight of sand employ- 
ed. .\t a conference called at 
r.eamington Spa by the Steel 
Castings Division of the Iron 
Steel Research .Association, it was 
reported that castor oil may be 
effectivelv substituted for linseed 
oil ( Ghent. A^e, 1948, 59 , 630 ). 

New Instruments for 

Textile-testing 

Exhibited at the 19th annual 
meeting of the 'I'extile Research 
Institute Inc., U.S.A.. held in 
New York ('ity last November, 
was a new tensile tester which 
incorporates new electronic prin- 
ciples of kxid -weighing and which 
prov'ides full-scale load ranges 
from 2 gm. to 1,000 lb. In another 
instrument an acoustic pulse is 
introduced into the material being 
tested and its time of propagation 
is measured between a transmitter 
and a receiv'er. By this means 
the elastic modulus of the material 
is determined with great simplicity 
and speed. Electrical instruments 
for moisture determination and 
control as well as measuring ins- 
truments for accurately determin- 
ing the diameters of yarns were on 
exhibition. An()th('r instrument 
was a non-contact continuously 
indicating measuring device for 
the diameter of textile varns and 
fibres. 

Other instruments on display 
were a high-speed microtome for 
cutting extremely thin sections of 
textile materials for microscopical 
examination, and a knit fabric 
shrinkage tester. 


Livestock Feed from 

Citrus Wastes 

One of the most interesting 
developments in the citrus fruit- 
processing industry in U.S.A. has 
been the devek^pment of valuable 
by-products which eliminate the 
high cost of citrus waste disposal. 
Waste pulp and peelings are con- 
verted into high-grade shredded 
livestock feed. It contains large 
pc'rcentages of carbohydrates and 
substantial quantities of fat and 
minerals. The liquor which drains 
from pulp and peel as it passes the 
livestock feed processing can be 
converted into valuable citrus 
molasses by vacuum evaporation 
and added to mixed cattle feeds as 
a substitute for more expensiAC 
sugarcane molasses. The juices 
can also be conv^erted into indus- 
trial or beverage alcohol. Oils are 
used as bases for flavourings, 
beverage bases, perfumes and in 
the preparation of certain phar- 
maceuticals. Citrus seeds yield 
oils useful in the manufacture of 
siilphonated oils. 60 per cent of 
the pectin of commerce is obtainenl 
from waste orange, lemon and 
grape-fruit p(‘el. 

cither possibilities are ; ascorbic 
and citric acids can be obtained 
from the waste ; sugars can be 
utilized in the production of food 
yeast ; enzymes u.seful in the early 
processing of fruit juices can be 
prepared. -- U.S.l.S. 


Photo- typesettin^t Machine 

At the recently opened labo- 
ratories of the Printing Research 
Association at Leatherhead, Sur- 
rey equipment has been ins- 
talled to demonstrate a system 
of photo-typesetting which dis- 
penses with cast metal type. Its 
trade name is “ Rotokjto 

The new method is a purely 
photographic process which should 
be u.seful in priming type by the 
lithography and gravurt processes 
now vvddely used in the production 
of books and periodical The new 
system appears to !>;* as cheap as 
standard printing practice ; and it 
has the obvious advantage that 
the photographic master-copy of a 
book’s typescript, from which 
r(‘prints can be made, can be 
stored in a small space. 

The “ Rotofoto " equif)ment 
comprises a .Monotype keyboard, 
a line-projector, and a make-up 
machine for pn^ducing paper 
proofs and film transparencies. .V 
punched paper record, represent- 
ing the “ copy ", is first made by 
a Monotype keyboard operator. 
This paper r(‘cord is transferred to 
the line-projector which contains 
the mechanism of the Monotype 
composition caster with the main 
difference that a photographic 
negative takes the place of the 
matrixes. 

The letters punched in the 
rc'cord are photographed on a roll 
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of 35 mm. cinematograph film 
carried in a camera under the type 
negative. After a full line has 
been completed the film is ad- 
vanced, the distance depending on 
the space required between the 
lines, and the next line is photo- 
graphed. The line-projector ope- 
rates at about the same speed as a 
Monotype casting machine. 

Readers’ and authors' correc- 
tions are dealt with separately and 
contained in other rolls of films : 
the make-up machine operator 
introduces the corrected lines dur- 
ing the process of making a perfect 
photographic transparency of the 
type matter. 

The operations are simple and 
rapid and produce transparencies 
of high fidelity. Any type-face 
can be employed by using the 
appropriate negative, the type 
sizes can be controlled by the 
magnification employed in the 
make-up machine. At present 3 
negatives are used to cover the 
complete range of composition 
sizes. 

Mica Substitutes 

Germany produced, during the 
World War II, large sheets of 
mica using natural mica available 
in powder form ( usually a waste 
product in mica industry ). The 
mica powder was melted in gra- 
phite crucibles at 2,350'’F. and 
cooled under regulated conditions 
in the complete absence of any 
vibration. During cooling a tem- 
perature gradient and a horizontal 
magnetic field are imposed. This 
process of forced formation of 
crystals in large laminated sheets 
was developed in the Kaiser 
Wilhelm Institute for Silicate 
Research. 

Various substitutes for mica 
were developed in Germany during 
the war. They were mainly, com- 
pressed paper products impreg- 
nated with artificial resins. The 
more important of these were : 

'* Pertinax " developed for high- 
tension condensers. “ Paxolin ” 
and “ Formalite ”, two phenol- 
formaldehyde compositions, and 
” Leatheroid ”, a fibrous material 
produced from cellulose. None of 
► them seriously threatened the 
natural mica market. 

The Massachusetts Institute of 
Technology announced { U.S. 
Tariff Commission Report, No. 130 ) 
recently the development of in- 
organic films closely resembling 
mica in their important electrical 
and physical properties. When 
certain highly hydrated gels such 
as, for exampiif, bentonite are 
suspended in water, and substan- 


tially monodisperse fractions of 
the colloidal particles are separa- 
ted out, the gels of these fractions 
form, upon drying, coherent, self- 
supporting and flexible films. No 
binder is necessary. When these 
films are heated under pressure 
their strength and transparency 
are greatly increased and their 
electrical resistance is comparable 
to that of mica. Although rela- 
tively polydisperse fractions also 
form films, those made from 
substantially monodisperse frac- 
tions are of superior quality. 
Monodisperse fractions may be 
obtained by allowing suspensions 
of clay to separate into layers 
according to size by gravity, and 
later to separate them in a super- 
centrifuge. 

Such films, when made from 
bentonite (hydrated aluminium 
or magnesium silicates ), are very 
similar in chemical composition to 
mica and when dried to a low- 
water content, exhibit many of 
the properties of mica. Films of 
different thicknes.ses can be made, 
depending upon the thickness of 
the original layer of gel. Similarly, 
a laminated product may be made 
from a number of thin sheets. 

Intensive research is under way 
to obtain more information regard- 
ing the characteristics of the films 
under a variety of conditions, and 
in order to develop more fully the 
theory of their formation. Careful 
consideration is being given to the 
suitability of various treated films 
as substitutes for natural mica in 
condensers, radio tubes and other 
applications. 

An arrangement has been made 
by the Institute with the Research 
Corporation of New York to un- 
dertake the commercial develop- 
ment of the patented process. 

('olloidal clays are inexpensive 
and widely distributed. The quan- 
tities required for synthetic mica 
sheet production are relatively 
insignificant. The process would 
yield films or thick sheets as 
desired, which are technically 
perfect in physical structure and 
chemical analysis. The possible 
substitution of synthetic sheets for 
the built-up mica now universally 
used in electrical designs, appears 
to be the most significant economic 
aspect of the synthetic develop- 
ment. 

D. B. Sahana 

Sterols from Wool Fat 

A RECENT PATENT TAKEN OUT BY 
a Netherlands worsted yarn-spin- 
ning mill relates to an improved 
method for separating sterols, e.g. 
cholesterol, from the liquors ob- 


tained in wool-washing. The 
sterols may subsequently serve as 
basic materials for the manufac- 
ture of vitamin D and some 
hormone preparations. 

.The unsaponifiable portion of 
wool fat is heated in the presence 
of a metal salt, e.g. anhydrous 
calcium chloride, the resulting 
addition product is treated with 
a .solvent, e.g. acetone, whereby 
the addition product is partially 
or entirely di.ssolv^ed. The method, 
it is claimed, is economical and 
gives a higher yield of sterols. 

Storage Life of Adhesives 

The STORAGE LIFE OF RESIN 
adhesives is an important criterion 
in their applications and useful- 
ness. Studies on the storage life 
of “ Tego-gluefilm ” under tropi- 
cal conditions are described in the 
Indian Forest Leaflet No. 99. The 
tests were conducted with veneers 
obtained from Mangifera indica, 
Cedrela toona and Dalbergia sisson. 

"I'he studies reveal that the films 
when kept in an ordinary carton 
container, termed ” open parcel ”, 
lose their power of adhesion in 
about 3 months. When packed 
in paper and then placed in an 
air-tight metal container, termed 
” sealed parcel ”, the films are 
usable up to about a year. 

Notes on Soldering 

In a new EDITION OF THE Tin 
Research Institute's handbook, 
Notes on Soldering, W. R. 
Lewis, reviews the recent re- 
searches on soldering process and 
presents a compilation of the 
more important facts which are 
likely to be of value in a large 
variety of industries. 

Advances in soldering tech- 
nique, with particular reference 
to mass-production methods of 
assembly, are discu.ssed and the 
various forms of solder and 
methods of applying heat to 
the joints are described briefly 
so that their principles may be 
easily discerned and readily 
adapted for any particular appli- 
cation. 

The principles underlying the 
production of ” wiped joints ” in 
lead pipes are fully covered and 
alternative types of joint in lead 
pipe are described and illustrated. 

Aluminium, stainless steel, cast 
iron and other diflicult-to-solder 
alloys are capable of being sol- 
dered by the special methods 
suggested. 

Data on the behaviour of sol- 
ders at various tempetatures 
under tensile and shear stresses, 
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and under creep conditions, so 
important to the designer and to 
the production engineer, have 
been presented, together with 
notes on the properties and 
metallurgical constitution of the 
tin-lead solders. 

The book also contains an 
adequate bibliography and a 
detailed scheme for the chemical 
analysis of tin-lead solders devised 
by Dr. J. W. Price. 

This 88-page booklet, which is 
suitably illustrated with 47 photo- 
graphs and diagrams, is available, 
free of charge, on application to 
the Tin Research Institute, Fraser 
Road, Greenford, Middlesex, 
England. 

Tars & Bitumens in 

Road Construction 

Ro.m) Research Technical 
paper No. 12, Properties of Road 
Tars Asphaltic BiHimens in 
Relation to Construction, published 
recently by the D.S.I.R., London, 
discusses the properties of road 
tars and bitumens and their 
significance in terms of the be- 
haviour of surfacings in which 
they are emplyed. 

Bituminous and tar road-sur- 
facings mu.st resist the transient 
forces imposed by traffic, but 
yield to slower forces of expansion 
and contraction and they must 
retain these properties under 
conditions of severe exposure to 
weather. The properties of the 
binder such as viscosity, its 
capacity to adhere to aggregates 
and its resistance to deleterious 
effects of weather are discussed 
in the paper in relation to various 
types of road-surfacings. 

The phenolic constituents of 
the tar are reported to give 
better adhesion properties than 
bitumen in the presence of water. 
Bitumens fluxed with tar oils 
have better adhesion than those 
fluxed with petroleum oils. It 
has been found that improved 
adhesion in pre-mixed surfacing 
materials can be obtained by the 
incorporation in the binders of 
surface active materials such as 
heavy metal soaps and sulpho- 
nated oils. In surface-dressing 
improved adhesion in wet weather 
can be obtained by treatment of 
the stone with a adhesion agents 
such as calcium oleate and iron 
oleate. 

The measurement of brittle 
characteristics of tar and bitu- 
mens at low temperatures provide 
a useful means of following the 
deterioration in the binders caused 
by exposure to weather. 


Road tars and bitumens are 
amenable to oxidation at atmos- 
pheric temperature, the effects 
being more detrimental to tar. 
Atmospheric oxidation, which is 
accelerated by light, is largely a 
dehydrogenation process leading 
to brittle resinous compounds. 
Removal of the phenolic consti- 
tuents of tar reduces susceptibility 
to oxidation. The outstanding 
problem in this field is the 
development of an oxidation test 
for bituminous materials which 
will make it possible to predict 
road performance. Oxidation 
under pressure provides a reliable 
accelerated test. 

Building Research in U.K. 

Load tests carried out by the 
Build ini^ Research Station, 
D.SJ.R., London, on full-scale 
structures which have been accep- 
ted as standards are described in 
the Special Report No. 1, publish- 
ed by the H.M.S. Office, London. 
Standard impact tests have been 
enumerated. Under strength 
requirements a factor of 2 has 
been suggested analogous to the 
factor of safety which allows for 
errors in assumptions, calcula- 
tions and workmanship. Stiffness 
requirements prescribe that the 
structural part should recover 
appreciably after the test load is 
removed. The exact require- 
ments under this head for t^ach 
structural part are enumerated in 
a summary at the end of the 
report. Actual application of test 
loads and measurements of deflec- 
tion or deformation are described 
including a number of photo- 
graphs and a sketch to illustrate 
the testing of panels of a roof 
or floor. Vertical loads like dead 
load, superimposed load, impact 
load and lateral load ( wind load 
mainly ) are also dealt with. 

The report is valuable to the 
designer, safety engineer, factory 
engineer and the industrialist 
interestt‘d in building design and 
construction. 

Clay ■'build in Bricks — This 
Bulletin, the first in the National 
Building Studies series, issued 
by the D.SJ.R., London, contains 
the researches carried out at the 
Building Research Station on clay- 
building bricks. 

The Bulletin is in 3 parts. The 
first part deals briefly with the 
manufacture of bricks from raw 
clay. The second describes the 
characteristic properties of brick 
such as compressive strength, 
water absorption and other pro- 
perties including thermal, con- 
ductivity, sound insulation, resis- 


tance to weathering and the 
effect of soluble salts. HUMults of 
tests on the efficiency of brick- 
work are summarized in the last 
part. These notes are intended 
to indicate the limited applicabi- 
lity of the test data in actual 
practice. 

The Bulletin stresses that in 
order to guarantee a satisfactory 
construction more attention 
should be paid to planning and 
design of building as a supple- 
ment to the test data. 

References have been given 
to the relevant B^- fish Standard 
Specifications and t; e publications 
of the Buildinit Research Associa- 
tion. 

Concreting in Cold Weather — 
Measures which can be taken to 
enable concreting and bricklaying 
work to proceed normally in cold 
weather are described in the 
National Building Studies Bul- 
letin No. 3, issued by the Building 
Research Station, D.S.I.R., Lon- 
don. Precautions to ensure the 
continuation of work on buildings 
in cold weather chiefly relate 
to concreting and bricklaying, 
because (a) the water in mortar 
and concrete mixes freeze, and 
(b) such mixes harden more 
.slowly at subnormal temperatures. 

.\mong the step.s that could be 
taken to allow concreting to 
continue under winter conditions, 
the use of calcium chloride in the 
mix is recommended to reduce 
the period of setting and harden- 
ing. The incorporation of cal- 
cium chloride ( 2 per cent on the 
weight of cement gives maximum 
efficiency ) increases the rate of 
strength development, especially 
at the early stages and reduces 
the time-period during which it 
is necessary to protect the con- 
crete. It also increases the rate 
at which heat is evolved from the 
cement during the early period 
of hardening, .\nother effect is 
to lower the freezing point of the 
wet mix. In order to obtain 
full benefits of the addition of 
calcium chloride use of insulation 
is recommended in order to 
conserve the heat liberated during 
setting. 

Calcium chloride may be used* 
with either ordinary or rapid 
hardening cements. Ft is pointed 
out that calcium chloride should 
not be used in reinforced con- 
creting work where thin cover is 
allowed. 

Special precautions recommen- 
ded for urgent work when frost 
conditions are severe are : to 
pre-heat the materials and heating 
the framework and keeping the 
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newly placed concrete warm. 
The use of rapid hardening cement 
is recommended for concreting in 
cold weather. 

Bricklaying is not influenced 
to the same degree as concrete- 
laying by winter weather. The 
composition of the mortar mix is 
varied ; 2 parts of cement, 1 part 
of lime and 5-6 parts of sand 
gives good results. The use of 
calcium chloride in the mortar 
is not beneficial ; mixing in a 
warm enclosure, pre-heating of 
water, keeping the mortar warm 
and insulation of the brickwork 
are the other precautions recom- 
mended to ensure work to proceed 
normally. The bricks employed 
should be kept dry and should 
not be dipped in water before 
laying but used in a dry condition 
allowing for the suction by 
adjusting the amount of mixing 
water in: the mortar. 

N. K. V. 

Rubber Seed Oil 

Experiments conducted bv the 
Ceylon Government rubber tech- 
nologist confirm the opinion ex- 
pressed by the Rubber Com- 
mission that oil extracted from 
rubber seeds may form a suitable 
substitute for linseed oil. A ton 
of rubber seed oib fetches £150 
and the extraction of oil on a 
large scale is regarded as a 
reasonable commercial proposition 
(Chem. Af^e, 1948. 59, 594). 

On a conservative estimate, 
it is expected that Ceylon can 
produce about 10,000 to 12,000 
tons of oil worth 10-12 million 
rupees. Ceylon may be able to 
export 3,000 tons of oil when the 
necessary plant for large-scale 
extraction is erected. 

Rubber Production Plan 

A Rs. 15 CRORE SCHEME FOR 
making India self-sufficient in 
rubber is envisaged by the Indian 
Rubber Board at its fourth annual 
meeting held at Bangalore. The 
Bo'iid suggested that steps should 
be taken for stepping up the 
country's rubber production of 
16,000 tons to at least 40,000 tons 
within five years. 

World Rubber Production 

in 1948 

The tOTAL WORLD OUTPUT OF 
natural rubber during the first 9 
months of 1948 by the Rubber 
Study Group^ of the F.A.O. was 
1,140,460 metric tons, an increase 
of 213,360 metric tons over the 
comparable period in 1947. 
World stocks of rubber, excluding 


stocks in Russia, are estimated at 
812,800 metric tons, as on Sep- 
tember 30, 1948, an increase of 
36,474 metric tons since June 
1948. 

World production of 40,640 
metric tons of synthetic rubber 
in September 1948 brought the 
total for 9 months to 403,860 
metric tons and consumption for 
the year to date was 373,380 
metric tons. Stocks of synthetic 
rubber increased from 70,740 
metric tons at the beginning of 
the year to 114,300 metric tons 
at the end of September 1948. 

Mica Marketing 

Control Board 

The Ctovernment of India have 
decided to appoint a Committee 
consisting of 15 members to 
consider and report on the practi- 
cability of setting up a Mica 
Marketing Control Board in India, 
and, if such a Board is considered 
feasible, to suggest its constitu- 
tion and functions and also to 
work out a detailed scheme for 
the efficient marketing of mica. 

Dr. M. S. Knshnan, Director, 
Indian Bureau of Mines, is the 
Chairman of the Committee. A 
representative of the Ministry of 
Commerce, one representative 
each of the Governments of Bihar, 
Madras, West Bengal and Rajas- 
than. and eight representatives 
of the trade are the other mem- 
bers of the Committee. 

A meeting of the Interim Mica 
Advisory Committee was held at 
Madras on December 20 and 21 
to consider, among other subjects, 
a scheme for mica-mining classes 
for training mine managers, levy 
of Mica Mines Labour Welfare 
Cess, railway priority for scrap 
mica and a revised rate of royalty 
for mica. 

Show Rooms for 

Forest Products 

The establishment of indus- 
trial show rooms at important 
centres in India, for the display 
of products utilizing timber and 
other forest produce on a com- 
mercial scale, is engaging the 
attention of the Forest Research 
Institute, Dehra Dun. Chambers 
of Commerce and Forest Depart- 
ments of Provinces and States 
have been asked to make sugges- 
tions regarding the establishment 
and maintenance of the show 
rooms. 

The purpose of the show rooms 
will be to bring out effectively the 
re.sources of the forests of the 
adjacent regions, to draw atten- 


tion to established industrial uses 
for them and to indicate the scope 
for extending the utilization as 
revealed by research and develop- 
ment. The exhibits will be col- 
lected from Provincial and State 
Forest Departments, established 
industries utilizing forest products, 
and from the Forest Research 
Institute, Dehra Dun. 

The questions likely to be 
examined si^parately for each 
centre will be whether the show 
rooms should form part of a 
general or industrial museum, 
whether it should be set up as an 
independent show room under 
Government management, or 
whether it should be attached to 
a recognized or large industrial 
undertaking. 

Exemption of Duty 

on Insecticides 

As AN F-XPERTMENTAL measure, 
the (.'rovernment of India have 
decided to exempt from payment 
of customs duty insecticides, 
fungicides and weedicides, includ- 
ing the basic chemicals employed 
in their preparation. This 
exemption will remain in force 
for one year, after which the 
position will be reviewed. 

To ensure that the materials 
imported are used for the purposes 
for which the concession is grant- 
ed, importers are required to pro- 
duce from manufacturers and 
agriculturists employing them, a 
certificate, within 6 months of 
importing them, to the effect that 
they have been properly utilized. 

The Indian Standards 

Institution 

The first Annual Report of 
the hidian Standards Institution 
( f.S.l.) for the year ending 31st 
March 1948 shows an impressive 
development in the activities of 
the Institution in the short period 
of a year. The Executive Com- 
mittee, in addition to dealing with 
the day-to-day administrative and 
organizational matters, has, at 4 
meetings held during the year 
under review, made many im- 
portant decisions relating to the 
basic structure of the Institution 
and its various Councils and Com- 
mittees to deal with standardiza- 
tion in the national and inter- 
national jipheres. 

The I.S.I represents India on 
the International Organization for 
Standardization and new Secre- 
tariats for 2 Technical Committees 
for shellac and mica have been 
entrusted to the I.S.I. Accord- 
ingly, secretariats have been set 



February 1949 ] 


NOTES 


NEWS 


63 


up and draft terms of reference 
for both have been prepared for 
circulation. The Institution has 
admitted 333 Sustaining Members 
and 23 Ordinary Members during 
the year. Invitation to neigh- 
bouring countries for Sustaining 
Membership of the Institution and 
collaboration in its activities were 
extended by the first President 
of the I.S.L, Sri C. Rajagopala- 
chari. The Government of 
Ceylon has already become a 
Sustaining Member. 

The Textile Division Council 
of the I.SJ. held its first meeting 
on 7th August 1947, and appointed 
6 Sectional Committees to deal 
with an approved list of subjects 
falling under the following groups : 
Textile standards ( standard me- 
thods for testing textiles ), cot- 
ton yarn and cloth, jute, wool; 
Textile chemistry : and Textile 
stores. Five of these, excepting 
Jute Committee, at their first 
meeting, appointed 22 Sub-Com- 
mittees to (leal with specific 
subjects. 

The Textile Division Council 
has also Vieen entrusted with the 
work of drawing up a specification 
for the Indian national flag in 
consultation with the Ministry 
of Defence. The specification is 
under preparation. Standardiza- 
tion of filter cloth for shellac is 
another subject under the active 
consideration of the Institution. 

The Engineering Division 
Council at its first meeting, held 
during November 1947, appointed 
13 Sectional C'ommittees to deal 
with an approved list of technical 
subjects. 

A report suggesting the adop- 
tion of the metric system of 
weights and measures was pre- 
pared by the Director and for- 
warded to the Ministry of Industry 
and Supply as directed bv the 
Exec It t i i C o m m i ttce. 

The establishment of the 
Chemical Division Council has 
been expedited. Nearly 100 sub- 
jects for standardization have 
been proposed by the members 
and other bodies for considera- 
tion of the Division. 

The formation of the Agricul- 
tural and Food Products Divi- 
sion Council and the Building 
Division Council has been post- 
poned for the time being. 

.At the instance of the first 
President of the I.SJ., Sri 
C. Rajagopalachari, the Director 
prepared a report on the rational- 
ization of Indian coinage on the 
basis of the decimal system. 

Close liaison has been main- 
tained through I.SJ, between 


India and National . Standards 
Bodies of all countries, members 
of the International Organisation 
for Standardization and the British 
Commonwealth of Nations. In- 
formation on standardization is 
being constantly exchanged be- 
tween India and these countries. 
More than 170 references were 
rectfived inviting opinions on 
draft specifications. 

The sale of publications, in 
India, of foreign standard bodies, 
particularly those of the British 
Standards Institution, has been 
undertaken by the I.S.J. 

A Sectional Committee on 
Quality Control and Industrial 
Statistics consisting of 18 members 
has been appointed, including 
Dr. W. A. Shewart, for the pur- 
pose of finalizing draft standards 
on quality control methods for 
India on the basis of existing 
standards. The C'ommittee has 
since reprinted the American 
Standards Association Standard 
Z-1.3 on "Control Chart Method 
of Controlling Qualitv during 
Production ", pemling the formu- 
lation of an Indian Standard, on 
which a Sub-Committee is now 
working. 

A nucleus of a library has been 
started. The present collection 
includes standards issued by 
various bodies in India. Great 
Britain, United States, Canada, 
Russia, Australia and a few other 
countries. During the period 
under review, 5412 sp(*cifications, 
171 draft specifications and 89 
proceedings of Committee meet- 
ings of v'arioiis national organiza- 
tions were received in the library. 

A New Statistical Series 

.\ NEW ST.\TISTrCAL SERIES, EN- 
titled " Monthly Ab.stract of 
Statistics ", showing the changing 
pattern of the economic activity in 
India, has been brought out by 
the Statistici.an to the (rovern- 
ment of India in the Ministry of 
Commerce. 

Figures are provided in the 
" Ab.stract " on population ; em- 
ployment ; agriculture, industrial, 
mineral and power production ; 
transport including civil aviation ; 
value of contracts, foreign trade ; 
banking, currency and finance ; 
stocks and consumption of food, 
raw materials and manufactures ; 
postal traffic ; prices of preciou.s 
metals, securities and commo- 
dities ; cost of living ; and indus- 
trial profits and disputes. 

The statistics which have been 
collected from various sources are 
compiled and presented according 
to the International Standards. 


The publication is priced annas 
9 or \0d. per copy, and can be 
had from the Manager of Publica- 
tions, Delhi. 

Aeronautical Society of India 

The Aeronautical Society of India 
was inaugurated by Pandit Jawa- 
harlal Nehru, Prime Minister of 
India, on December 27, 1948, at 
Bangalore. The Societv ( Presi- 
dent, Mr. N. C. Crhosh, Director of 
Civil Aviation in India ) has been 
formed for promoting the advance- 
ment of the profession of aero- 
nautics. Its meipl-^ rship includes 
scientists, cnginecis am,! key- 
technical men of aviation organi- 
zations. The Prime Minister of 
India was elected Patron-in-Chjef 
of th(‘ Societv. 

Electrical Communication 
Engineering Department — 
Indian Institute of Science, 
Bangalore 

The FOUNnATION-STONlC OF THE 
new premises for the Dev)artment 
was laid by the Prime Minister of 
Indiaon December 27. 1948, at tV\c 
Indian Institute of Science, Ban- 
galore. 

The Government of India have 
made a grant of Rs. 4*25 lakhs 
for the construction of the build- 
ing and equipment. In the de- 
sign of the building, provision 
has been made for future expan- 
sion. 'I'lie ground floor with a 
plinth area of 19,000 sq. ft. will be 
constructc'd for the pre.sent at an 
estimated cost of Rs. 2’75 lakhs. 
This will provide 4 big size 
laboratories and several smaller 
ones besides the lecture halls. 

Instruction and research in 
electrical communication is being 
carried on at the Institute for the 
past 25 years as a part of electrical 
technology. The Institute was 
the first in India to introduce the 
subject as a separate study. 

Crystallographic Exhibitlof\ 

The first crystallographic 
exhibition in India was recently 
organized at Bangalore in con- 
nection with th(* 14th .Annual 
Meeting of the Indian Academy,. 
of Sciences. 7'he exhibits were 
arranged in the Physics Depart- 
ment of the Central College. 
Bangalore, and was visited by 
Pandit Jawaharlal Nehru, Prime 
Minister of India, who was on a 
visit to the city then. 

Explaining the exhibits. Sir 
C. V. Raman, President of the 
Indian .Acadeni}?, and the Foun- 
der-Director of the Raman He- 
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search Institute, stated that 
unity of science was very well 
illustrated by the science of 
crystallography. The homo- 
geneous nature of thousands of 
particles contained in the minerals 
could be seen there. Sir C. V. 
Raman, world’s leading expo- 
nent of crystal physics, intends 
to start a museum of crystals 
with his fine collection as the 
nucleus. It may be mentioned 
here that the Indian Academy 
of Sciences has published, most 
appropriately, a symposium of 
papers on crystal physics to 
commemorate his sixtieth birth- 
day which was recently celebrated 
in Bangalore. 

UNESCO Book 

Coupon Scheme 

$150,000 WORTH OF BOOK COUPONS 
were delivered to representatives 
of 13 participating countries by 
the Acting Director-Oeneral, (idr- 
don Menzies, during a special 
ceremony held during December 
1948 at the UNi:SCO House. 
Paris. The scheme, devised to 
overcome foreign exchange dif- 
ficulties will enable educational 
and scientific institutions of 
“ soft ” currency countries to buy 
publications from hard currency 
countries, while making payment 
in their own national currency. 
Coupons worth $50,000 will be 
donated by UNESCO to Austria, 
China, Czechoslovakia, Cireece, 
Hungary, Italy, Indonesia, Iran, 
the Phillipines and Poland. The 
additional $100,000 worth of 
coupons will be put on sale in 
China, Czechoslovakia, France, 
India, Poland and the United 
Kingdom. 

A distributing body in each of 
the 13 countries wall be in charge 
of allocating these coupons and 
will indicate the rate applicable 
for their purchase. The coupons 
can be used to buy books on 
education, science and culture 


and can be used for subscription 
to periodicals or photo-copies. 

Booksellers who accept these 
book coupons wall be repaid by 
UNESCO in their* respective 
national currencies. 

Announcements 

Indian Science Congress Session. 
1950 : The 37th Session of the 
Indian Science Congress will be 
held at Poona from 2nd to 8th 
January 1950. F^rofessor P. C. 
Mahalanobis, F.R.S., has been 
elected as the President of the 
Session. 

The following have been elected 
Sectional Presidents : Mathematics : 
Prof. N. M. Basu ( Aligarh ) ; 
Statistics : Dr. P. V. Sukhatme 
( New Delhi ) ; Physics : Dr. R. N. 
Ghosh ( Calcutta ) ; Chemistry : 
Dr. J. K. Chowdhury ( Calcutta ) ; 
Geology and Geography : Mr. 
J. Coats (Digboi ) ; Botany : Prof. 
P. Maheswari ( Calcutta ) ; Zoo- 
logy and Entomology : Dr. B, C. 
Basu ( I zatnagar ) ; A nthropology 
and Archaeology : Dr. Christoph 
Von Furer Haimenderf ( Hydera- 
bad ) ; Medical and Veterinary 
Sciences : Dr. M. V. Radha- 
krishna Rao ( Bombay ) ; Agri- 
culture : Rai Bahadur R. L. 
Sethi ( New Delhi ) ; Physiology : 
Dr. Kalidas Mitra ( New Delhi ) ; 
Psychology and Educational Science : 
I'rof. Kali I^rasad ( Lucknow^ ) ; 
Engineering and Metallurgy : Mr. 
D. R, Malhotra ( Ajmer ). 

The Association of Scientific Work- 
ers of India : The following 
othce-bearers for the year 1949 
have been elected : President : 
Pandit jawaharlal Nehru ; Vice- 
President : Dr. B. C. (niha ; Gene- 
ral Secretaries : Dr. 1^. K. Kichlu 
and Mr. C. R. Mitra. 

The 5th International Congress 
for Comparative Pathology will be 
held at Istanbul, May 17-20, 
1949, and will be under the 


chairmanship of Akil Moukhtar 
Ozden. Papers on problems of 
medical, veterinary, or plant 
pathology sciences may be sub- 
mitted to ; Dr. Louis Grollet, 
Secretaire General, Comite Inter- 
national Permanent des Congres de 
Pathologic Compare?, 7 rue (riis- 
tave Nadaud, Paris, 16e, France. 

The National Registry of Rare 
Chemicals, 35 We.st 33rd Street, 
Chicago 16, Illinois, is currently 
interested in obtaining the 
following “ wanted ” chemicals : 
lecithin phosphatase, />-tolylphos- 
phorus dichloride, pyrosulphuryl 
chloride, 2-fluoroethanol, copper 
hydride, pelargonin chloride, l- 
borneol, mesobilirubinogen, clu- 
panodonic acid, altrose, tagatose, 
C90-fenchyl alcohol, myrtenol, sabi- 
nol, verbenol, thujyl alcohol, 
bufotenidin, 5-{ hydroxymethyl )- 
2-furaldhyde, hyodcsoxycholic 
acid, phosphopyriivic acid, and 
coproporphyria. 

UNESCO New Director-General — 
M. Jaime Torres Bodet, Mexi- 
can Foreign Minister, has been 
elected Director-General in suc- 
cession to Dr. Julian Huxley at 
the third Cxcneral Conference of 
U NESCO held last December at 
Beirut. 

Nobel Prize for Medicine The 
Nobel Prize for Medicine for the 
year 1948 has been aw^arded to 
Dr. Paul Moller of the Geigv 
Company of Basle for his dis- 
covery of the insecticidal etfect of 
DDT. 

Dr. fames W. McBain, IVofessor 
of Chemistry at the Stanford 
University, U.S.A., has been ap- 
pointed Director, National Che- 
mical Laboratory, Poona. 

Prof, S. N. Bose of the Calcutta 
University has been elected Presi- 
dent of the National Institute of 
Sciences of India for tlie vear 
1949. 



Reports from 
States & Provinces 


MYSORE 

Mineral Investigations 

The Rerovih of the Mysore Geo- 
logical Department for the year 
1945 ( Supdt., (h)vt. Press, Ban- 
galore, pp. iv-1-104, 1948, Vol, 44 , 
price Rs. 2 ), includes an inter- 
esting and exhaustive paper on 
“ Gold Investigations in Mysore ” 
by Mr. B. Rama Rao. The 
paper reviews the position of 
India in the world with regard to 
gold production, and shows that 
out of about 1 per cent of India’s 
share, 99 per cent comes from 
Mysore. It is stated that ancient 
miners had touched all the pos- 
sible gold-bearing quartz reefs, 
and these though not always 
rich, have provided guidance for 
further investigation and explora- 
tion. The Kolar Gold-fields 
have been developed on ancient 
gold-workings. In recent years 
there have been many explora- 
tions for gold and the laterite- 
covered schistose ground near 
Manighatta, where extensive geo- 
physical and trenching surveys 
were conducted, revealed no 
workable gold-bearing quartz 
reefs. Other explorations include 
alluvial gold extractions in the 
Tungabhadra river near Holalur 
and Govinkere villages, and at 
Kudurekonda and Palavanahalli ; 
but these also did not prove to be 
paying on account of water 
scarcity and poor concentration 
of gold in the washings. The 
explorations at Kudurekonda- 
I^alavanahalli and Bellara, where 
the mode of occurrence of gold in 
the quartz reefs is almost similar 
to that at Kolar, did not turn out 
to be hopeful, due mainly to 
difficulties encountered in mining 
operations in areas with heavy 
inrush of water or the poor 
quality of the ore. Only sporadic 
occurrences of comparatively rich 
gold shoots and splashes occur. 
The paper ends with a list of 
localities for future investigation 
with geological aspects and mining 
possibilities. The author strikes 
an optimistic note about the 
investigations to be carried out 
in spite of the cost involved. 

The paper “ On the occurrence 
of road metals and lesser minerals 


in Kunigal taluk, Tumkur Dis- 
trict " is of special interest. 
Besides road metals, the author 
mentions the availability of kankar 
for extraction of lime, alluvial 
clays in the valleys and tanks 
useful for roofing and flooring 
tiles, and of semi-precious ruby 
corundum and pink garnet crys- 
tals in the gneiss and pegmatites. 
Amphibole asbestos is also found 
in small stringers in the amphi- 
bolites. 

The results of geophysical pros- 
pecting for graphite near Mavi- 
nahalli, My.sore District, carried 
out by Mr. M. B. Ramachandra 
Rao, are included in the Records. 
The occurrence of a graphitic 
lode in a small band of ultra-basic 
rock amidst the thick .scrub 
jungle had been reported pre- 
viously, and geophysical tech- 
nique was employed to liiscovi'r 
the extent of the graphite load 
beneath the cover of thick jungle 
and soil. An area of about 60 
acres was surveyed bv the spon- 
taneous polarization and the 
earth resistivity methods along 15 
lines totalling 15.400' involving 
1,472 determinations. The elec- 
trical reactions obtained on the 
known lode were too poor and 
indistinct to offer any clue about 
the probable extent of the lode 
since graphite occurs therein 
mostly in an unevenly dissemina- 
ted flaky form, which does not 
react as a continuous conductor. 
The conductive anomalies noticed 
in the area were due to the pre- 
sence of the clayey materials 
with entrapped moisture which 
serves as a continuous ionic 
path for the current. The results, 
though not encouraging, contain 
valuable information about the 
practical details of geophysical 
techniques and their interpreta- 
tion. 

The occurrence of the felsite 
series near Marconahalli with a 
brief petrographic description of a 
few of the types found therein 
are reported in another paper. 
The chief types are vitrophyric, 
felsophyric, granophyric, and 
some modified types, among 
which there is a felspathic rock 
resembling the contact meta- 
morphic rock “ Unakite ". it is 


concluded that the felsite .series 
are products of cry.stallization 
from an acidic magma, which 
lat<‘r emplaced older hornblende 
schists and have given rise to the 
modified members by partial 
assimilation and metamorphism 
following granitization. 

.\ report containing the occur- 
rences, quality and extent of 
quartz deposits within an area of 
15 miles’ radius around My.sore, 
suitable for the manufacture of 
ferrosilicon m the Ferro-alloy 
Fa!'tory, Mysore, forms the next 
paper in the Rerord . 

The last papiT i’ the Records 
cf -n tains a note on “ Bowenite and 
Talc-Picrolite intergrowth in the 
Dltra-basic rock from Hole- 
narsipur area ”. The optical pro- 
perties and chemical analyses 
of talc and picrolite are giv^en, 
and the latter is remarkable in 
having no ferric oxide but in 
containing alx)ut 5 per cent of 
aluminium oxide. 'I'he apple- 
green serj)entine, which has 
greater hardness than the usual 
v'^arieties, is identified to be 
Bowenite ”. 

N. V. IT SUBRAllMANYAM 


Plastics Factory 

for Bangalore 

MaCHINIvKY and other equip- 
ment worth Rs. S lakhs for the 
Idastics Factory is ready for 
shipment in Britain. I'he machi- 
m ry were especially designed in 
one of Britain’s most up-to-date 
factories at Upper Basildon. Berk- 
.shire. The plant consists of 
lour 3", six 2" and eight IJ'^ 
extruders, with wire covering and 
cable equipment, conveyor and 
take-off mechanisms, extruder 
dies and nozzles. 

Two apprentices from Mysore 
have been trained at the Berk- 
shire factory and three British ex- 
perts will be in charge of erection 
of plant at the site. 


HIMACHAL PRADESH 


Fruit Development 

A PROPOSAL TO BRING UNDER 
fruit cultivation about 7,0()0 
acres of unu.sed forest land in the 
Himachal Pradesh is under the 
consideration of the Central Minis- 
try of Agriculture. A recent 
survey of two tehsils in the 
Himachal Pradesh showed that 
the area is suitable for growing 
walnuts, almondfe, apricots, raisins, 
chilgoza and grapes. 



INDIAN PATENTS 


The following is a list of a few of the Patent Applications notified as 
accepted in the Gazette of India, Part II, Section I, for December 
1948. Patents from the Cotincil of Scientific & Industrial Research 
are indicated by an asterisk. 


Plastics & Plasticisers 

39251. Happe : Urea formaldehyde composition : 
Plasticizing urea-formaldehyde resin with albu- 
minous substances in the presence of free urea. 

Inorganic GheiMcals 

37421. Delhi Cloth & General Mills Co. Ltd., 
Sharma, Jain St Chipalkatti : Process for the 
production of raw material rich in titanium 
from residue of bauxite after separation of 
alumina : Treatment with sulphuric acid to 
dissolve only aluminium ayid iron. 

37422. Delhi Cloth & General Mills Co. Ltd., 
Sharma & Chipalkatti : Process for the pro- 
duction of a solution rich in titanium from 
bauxite or residues of the same obtained after 
separation of alumina : Bduxite treated with 
sulphuric acid till all constituents dissolve, then 
water added. 

37419. Delhi Cloth & General Mills Co, Ltd., 
Parthasarthy & Arvamuthachari : Proce.ss 
for the preparation of chloro-sulphonic acid : 
Mixing contact gas directing with HCl gas within 
the limits of 20 : 1 to 30 : 1 at a temperature 30"^ 
to lOO^C. 

37420. Delhi Cloth & (General Mills Co. Ltd., 
Kumar, Parthasarthy & Arvamuthachari : 
Process for the preparation of chloro-sulphonic 
acid : Passing HCl gas in liquid SO^ produced 
by condensing the vapours obtained by distilling 
oleum. 

38308. Standard Oil Development Co. : Synthesis 
of hydrocarbons from carbon monoxide : Con- 
tacting carbon monoxide and hydrogen with a 
relatively dilute catalyst, withdrawing the un- 
reacted CO and H and contacting them ivith a 
dense fluidized mass of catalyst. 

30340. LC.I. Ltd. : J^urification and compression 
of ethylene : Forming solid ethylene hydrate and 
recovering ethylene from it. 

37860. K.l. Du Pont De Nemours & Co. : Produc- 
tion of aromatic aldehydes : Subjecting an 
aromatic hydrocarbon and carbon monoxide to 
the action of mixed hydrogen fluoride-boron 
trifluoride catalyst. 

Analytical Chemistry 

38754. American Cyanamid Co. : Separation of 
sugar from molasses : Passing molasses through 

, an organolite charged with hydrogen ions, and 
then concentrating sugar from it. 

30888. The Aluminium Plant Sc Vessel Co. Ltd. : 
Distillation of complex mixtures : Distilling 
the mixture oj acetone-methanol-water in presence 
of a paraffinoid aromatic hydrocarbon mixture. 

40242. Anglo-Iranian Oil Co. Ltd. : Refining of 
kerosene : Subjecting to the treatment with sul- 
phuric acid and then with liquid sulphur dioxide. 

38389. American Cyanamid Co, : Purification of 
aqueous solutions of sugar : Passing of solution 
through ion exchanger, adding about 0 01 to 01 


per cent of phosphoric acid and keeping the pH 
near about 6-8. 

Miscellaneous Chemicals 

37426. Delhi Cloth & General Mills Co. Ltd., 
Gupta, Jagannathan & Chipalkatti : Im- 
proved composition for preparing sizing mate- 
rial for textile fibres and proce.ss for making 
same : Comprising rosin, glue, an emulsifying 
oil and a preservative . 

Fuels & Lubricants 

39057. Koppers Co. Inc. : Coking expanding coals : 
Expanding coal admixed with pitch, forming 
the oven charge, is surrounded by a .stratum of 
non-coking solid fuel, and coking the charge 
while it is maintained stationary. 

Leather Sc Leather Products 

*38063. Siddiqui & Dhar ; Compositions and 
process for the manufacture of patent leather : 
Dissolving oil-resin along with film scraps in 
butyl acetate and solvent naphtha. 

Metal & Metal Products 

32435. I.C.I. Ltd. : Copper alloys : Copper alloy 
comprising nickel 9-30 per cent, manganese 5-30 
percent, aluminium O' 1-2 per cent and rest copper. 
32434. I.C.I’ Ltd. : Copper alloys : Consisting of 
copper, manganese 5-30 per cent and iron 
05-5 per cent and nickel 5-30 per cent. 

37205. Electric Furnace Products Co. Ltd. : 
Iron-base alloys : Containing 15-25 per cent 
chromium, 15 per cent nickel, 10 per cent to 25 
per cent cobalt, 1 per cent to 3' 5 per cent molyb- 
denum, 05 per cent to 3 per cent of one or more 
of niobium, tantalum, and vanadium, 2 per cent 
manganese, 1 per cent silicon, 35 per cent carbon, 
05 to 25 per cent nitrogen, characterized by 
having a tungsten content before 7 5 to 15 per 
cent, and iron content at least 13 per cent of the 
alloy. 

Rubber & Rubber Products 

38224. Wingfoot Corp. ; Method of making im- 
proved sponge rubber from latex : Heating latex 
with 1 to 3 per cent of paraffin or wax followed 
by the addition of vulcanizers, gellers, anti-oxi- 
dants and accelerators at 160° -400° 

Textile & Textile Products 

39202. Rao : Preparation of solutions or dispersions 
of cellulose and their application in textile 
sizing, finishing, dyeing and printing : Textile 
is sized, finished or dyed with a solution or dis- 
persion of cellulose activated by nietalhc catalyst. 

Miscellaneous 

39431. National Radio & Engineering Co. Ltd. : 
Method of preparing electrodes for capacitors : 
Silver nitrate mixed with water and glycerine and 
heated to effect reduction of silver nitrate, silver 
separated from glycerine being mixed with a lac- 
quer, the paste being suitable for making electrodes. 




“The 


Wealth of India” 


W E welcome the publication of The 
Wealth ofl ndia, a new encyclopaedia 
dealing with the natural resources of 
India, in six volumes, the first of 
which has just reached us. The Council of 
Scientific & Industrial Research, which has 
taken the initiative in compiling and publish- 
ing a standard work of reference on the natur- 
al resources of India, must be congratulated 
on this commendable and great enterprise. 

The pioneering efforts of George Watt to 
take stock of the raw material resources of 
India resulted in the publication, some 
fifty years ago, of the now well-known 
Dictionary of Raw Materials of India in six 
volumes. The Commercial Products of 
India, — which is a brief summary of his 
bigger work, appeared in 1908. Watt had 
collected together information and opinions 
from many sources fer his compilation, and 
the opinions, often conflicting, were published 
without any attempt to critically appraise 
them. Later researches have proved or 
disproved the validity of many of the views 
brought together in the Dictionary. The 
scientific and vernacular names used were 
the best he could collect at that time, and 
these too have lindergone changes. Library 
and laboratory facilities in India were limited 
during Watt's time and many of the materials 
briefly referred to in the Dictionary have 
formed the subjects of intensive study in 
later years. These facts led the Council to 
make a fresh attempt to compile a new 
critical compendium of data relating to the 
present and potential wealth of the country. 

The importance of this work cannot be 
over-rated. India is passing through a 
period of rapid and fundamental changes. 
The somnolent agricultural country of yester- 
day is blossoming into an industrial State of 
great potentiality. Every day one hears of 
a large number of plans and projects under- 
taken by the Government and by individuals. 
Planning must be based on a correct and ac- 


curate knowledge of the potentialities of the 
country, and a complete resume of the coun- 
try’s resources is the crying need of the hour. 

The material resources of the country lie 
scattered far and wide, in the rich fields of 
the plains, in the minerals underground, in 
the creatures of the sea and in the plants and 
trees of the forests. The compilation com- 
prehends all the information on these 
resources. Very often the administrator is 
baffled by conflicting and contradictory 
opinions given by different workers on the 
same topic. In this newly planned Dictio- 
nary, an attempt is made to critically assess 
all opinions and to present a carefully integra- 
ted view supported by scientific reasoning. 
Statistical information, wherever available, 
is also presented in carefully arranged tables. 

At present, various departments of the 
Government are engaged, incidentally, in 
collecting together information relating to 
their specialized fields. Thus, the Forest 
Research Institute, in addition to its regular 
research work, collects all information on 
forest products. The Indian Council of 
Agricultural Research, through its several 
schemes and Commodity Committees like 
the Cotton Committee and the Sugarcane 
Committee, is doing similar work on crops 
and plants. The Central Agricultural Mar- 
keting Department publishes frequently 
various reports dealing with surveys and 
standards for trade of particular commodities. 
The Tariff Board carries out detailed inquiries 
into industries and makes suggestions to the 
Government on price structures, duties and 
tariffs. The Zoological Survey and the 
Geological Survey conduct fe^^arches in their 
particular fields and publish memoirs on the 
results achieved. There are a number of 
research journals published by learned so- 
cieties and research institutions located in 
various regions of the country. Any indiv- 
idual interested in a particular problem has, 
at present, to go through a maze of papers 



68 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 3 


and sift for himself the information which he 
requires. Thus, a scientist working on an 
economic plant may have to consult the 
Forest Research Institute publications, Tariff 
Board reports and several scientiftc papers 
for acquainting himself with the work done 
on the different aspects of the plant. The 
assembling of information in the encyclo- 
paedia would provide a valuable aid to him 
in his search, while for details relating to 
techniques and results, he would have to still 
look to original papers as source materials. 
F'or the scientific worker, this book will also 
be a good guide to bibliography. 

The office of the Dictionary of Economic 
Products is fast becoming a store-house of 
information on divergent subjects. For each 
topic, a separate ledger containing all avail- 
able information is opened. A batch of 
workers, combing the journals and periodicals 
})ublished here and abroad, is carefully adding 


to this pool of knowledge. The ledgers are 
thus kept “ alive ” and can be consulted by 
anyone interested. We have in these columns 
repeatedly stressed the necessity for organiz- 
ing a Central Scientific Information Service 
for India. There is every reason to hope 
that the Councirs organization for compiling 
the Dictionary would form the necessary 
nucleus for building up such a Service. 

The work is of immense value to the 
industrialist. He will get at one glance a 
correct perspective of the present state of the 
industry he is interested in — its drawbacks 
and its potentialities. He can base his further 
plans of improvement on this knowledge. 

The task undertaken by the Council has 
great potentialities. In the present stage 
of the country's development such ctn 
encyclopaedia is an absolute necessity, and 
it is hoped that the Council would complete 
the work expeditiously. 


Scientific Information 


T he recommendations relating to the 
preparation of scientific communica- 
tions adopted at the last meeting 
of the Royal Society Scientific In- 
formation Conference ( June- July 1948) 
are of wide interest. The Conference called 
upon all those handling papers in draft form, 
including heads of departments in univer- 
sities and technical colleges, and directors 
of Government laboratories, research asso- 
ciations, and industrial laboratories to do 
their utmost to ensure that : 

“ Manuscript submitted by authors under 
their direction is written in clear and concise 
English, and is prepared in accordance with 
the rules of the journal for which it is in- 
tended. 

To the best of their knowledge and belief, 
any contribution passed through their hands, 
whether as communicator dr referee, is worthy 
of publication on its merits as scientific 
information alone. 

They would help their students and as- 
sistants in preparing such material. 

Special efforts are made to save time at 
all stages of preparation, from the completion 
of actual research work to final printing, so 
as to avoid the psychological effect of 
dilatoriness on all those involved in the chain 
of publication. 


Scientists, as potential authors, should be 
trained in the initial preparation of manus- 
cripts designed for publication, so as to 
reduce subsequent corrections by printer 
and author to a minimum, and thus save the 
time of scientific editors. The need for 
layout and expression should be emphasized. 
For reproduction by photo-lithography this 
is of particular importance." 

The Conference recommended that critical 
and constructive reviews, written in particu- 
lar fields, and reviews by specialists for other 
workers in science, are of great importance. 

Critical, general and specialist reviews 
should be made informative to non-specialists 
by a general introduction and conclusion. 

Senior scientists should regard the pro- 
vision of reviews as an important ancillary 
to the pursuit of new knowledge. 

Annual reviews, progress reports and books 
on recent advances covering limited fields 
in a comprehensive but critical manner are 
very valuable and serve a purpose different 
from that nf reviews. Their production 
should be encouraged. 

The attention of the appropriate societies, 
institutions, and Government organizations 
should be drawn to the importance of pro- 
viding reviews on the progress of applied 
sciences. 



The Patent System & the Scientist* 


K. RAMA PAI 


A “ PATENT ” is in the nature of a 
contract between the State and the 
inventor. Under the contract, the 
inventor discloses to the State what 
he believes to be a new invention ; and in 
consideration of the disclosure made by 
the inventor, the State grants him a 
“ patent " for the invention disclosed. The 
effect of granting a patent is to confer on 
the grantee certain exclusive rights in respect 
of the patented invention for a limited 
period, which is usually 16 years. 

It is understood that the information 
disclosed by the inventor would be published 
by the State even before the patent is 
granted, and that on the expiry of the patent, 
the invention would become dedicated to the 
public for free use by any one without being 
under any obligation to the patentee. 

The result of such disclosure is to render 
the patent office a central treasury of inven- 
tions and technical information. A question 
may, therefore, be asked in this connection 
whether the scientist also has not a duty to 
bring his inventions on the records of the 
patent office, and thereby add to the wealth 
of information available in the nation's 
treasury of inventions. As thousands of 
inventions are disclosed every year to the 
various patent offices, patent literature 
constitutes the most exhaustive form of 
technical literature pertaining to any and 
every branch of industry. I believe, this 
is a matter which has not been adequately 
appreciated in this country ; for, so far as 
I am aware, there is no research centre in 
India where the patent literature of indus- 
trially advanced countries such as the 
United States of America, the United 
Kingdom, or Germany can be had for con- 
venient reference. 

Another matter which deserves notice is 
that industrialists, when they are on the 
look out for inventions, invariably consult 
the patent literature of the industry con- 
cerned. Accordingly, publication of inven- 
tions through the Patent Office brings such 
inventions to the notice of the very people 


who are likely to be interested in them, and, 
therefore, ensures for such inventions the 
most effective form of publicity. 

Next, I would refer to the exclusive 
right ” conferred by a patent. This right is 
given only in exchange for two privileges 
surrendered by the inventor, namely : 

(i) the prompt disclosure of the invention 
to the public ; and 

(ii) the unreserved dedication of the 
invention to the public on the expiry 
of the patent. 

What the patent system actually does is 
merely to restrict the period of exclusive 
right to a reasonable period of 16 years. The 
patent does not compel the patentee to 
exercise his exclusive right. An inventor 
can allow the public to use his invention 
freely even after patenting it, or use his 
patent rights to regulate the manufacture 
and the sale of the patented article in the 
best interests of the public, as was done by 
the Toronto University in connection with 
their patent for insulin. 

A new invention, as soon as it is evolved, 
is not readily adaptable for industrial pur- 
poses. It requires to be developed at con- 
siderable expense and labour. If, when this 
development is made, the person who takes 
the trouble to develop the invention cannot 
have, even for a short period, vSome privileged 
rights over the invention as compared with 
others who had been indifferent to the inven- 
tion, there would be no incentive for anyone 
to develop new inventions. 

I would now consider why scientists should 
concern themselves with the patent system. 
In this connection it is necessary to be clear 
as to the role of science in the present day. 
The traditional role of science has been the 
search of knowledge for its own sake. 
Nevertheless, society looks up to the scientist 
not only to expand the frontiers of knowledge, 
but also to solve numerous problems which 
face it, such as the economic problem of 
finding food and employment, the defence 
problem of maintaining an adequate war 
potential which would ensure freedom to the 


♦ From contribution to the Symposium on the Patent System held during the Annual Session of the 
Indian Science Congress, 1949. 
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nation, and a thousand and one other prob- 
lems • which would assist men in passing 
through life with maximum comfort in return 
for the minimum of effort. Accordingly, 
scientific research includes not only funda- 
mental research which discloses to us 
nature's secrets, but also applied research 
which enables us to make use of the discover- 
ies resulting from fundamental research. 

Hence, the best results out of scientific 
research would accrue to society only if the 
maximum advantage is taken of discoveries 
of both categories of research. If this is 
accepted, it would also follow as a natural 
corollary, that the scientist has a duty to 
concern himself with every factor which 
would be helpful to him for adapting his 
discoveries in the field of applied research, 
for utilitarian purposes. 

The patent system has been recognized 
as one of the most powerful factors which 
would encourage inventors to develop 
inventions from the laboratory stage to the 
industrial stage ; and, therefore, in order 
that discoveries of utilitarian value may be 
used for the maximum advantage of the 
society, it is incumbent on the scientist to 
take full advantage of the patent system 
for developing his inventions for industrial 
purposes. 

I would now refer to a few instances which 
would show how the country cannot get the 
best out of her research resources so long as 
the scientist is indifferent to the patent 
system. In the first place, I would refer 
to the neglect of patent literature. As a 
result of this neglect, it has been noticed 
that in numerous instances scientific research 
workers have been merely re-inventing what 
had been already invented by others. To 
the extent that the resources of research 
have been utilized for re-inventing what has 
already been invented by others, the inven- 
tor has been wasting the industrial resources 
of the country. He can avoid such waste 
merely by consulting the patent literature 
before he embarks on his research. 

Next, I would refer to an instance where 
an Indian scientist invented a very 
useful machine. He sent the description 
of the machine to a scientific journal for 
publication. As soon as the description was 
published, one of the British instrument 
manufacturers got interested in the invention, 
and asked for the inventor’s terms for obtain- 


ing' from the inventor an assignment of 
his patent rights for the invention. But the 
inventor had not taken out any patent ; 
nor could he apply for a patent after the 
publication of the invention. Accordingly, 
as the result of- premature publication of the 
invention, a commercial transaction which 
would have brought money not only to the 
inventor, but also indirectly to the country, 
could not materialize. The question may, 
therefore, be asked whether scientists are 
justified in thus causing an economic loss 
to the country by their indifference to the 
patent system. 

Next, there is the question of the develop- 
ment of the invention. It was found in 
other countries that inventions of utilitarian 
value were developed under patent protec- 
tion and that without patent protection 
they were not adopted for industrial purposes 
even if they had immense potentialities. At 
present, no systematic survey has been made 
by anyone to see to what extent results of 
applied research in India have been developed 
beyond the laboratory stage. But, to the 
extent that I have had personal experience, 
I have found that in the case of patented 
inventions, serious attempts are invariably 
made for developing the inventions for 
industrial purposes ; but where the inven- 
tions have not been protected by a patent, 
they are invariably abandoned at the 
laboratory stage. I consider, therefore, that 
the neglect of the patent system by the 
Indian scientist results at present in a huge 
waste of the country's industrial and econ- 
omic resources. 

India has embarked upon a scheme of 
research on an unprecedented scale, and 
there can be no doubt that many inventions 
of a high order would be made by the Indian 
scientists. If such inventions were merely 
broadcast for free use by anyone who would 
like to use them, it would be like scattering 
good seedlings on the highway in the hope 
that somebody would pick them up and take 
the trouble of planting them on proper soil 
and fostering them until they grow up into 
bij|3ing plants. 

' lif ' order to ensure that the country gets 
the best advantage out of our slender re- 
sources for industrial research, it is urgent, 
therefore, that a carefully chalked out 
policy should be formulated for the guidance 
of scientists engaged in industrial research. 



The Board of Scientific & Industrial Research 
Twenty-second Meeting, New Delhi 


A MEETING of the Board of Scienti- 
fic & Industrial 'Research was held 
in New Delhi on 18th February 
1949. The Hon’ble Pandit Jawahar- 
lal Nehru presided. 

On the recommendation of the Board of 
Scientific & Industrial Research, the 
Governing Body approved the continuance 
of over hundred schemes of research investi- 
gations covering a wide range of subjects. 
The following new schemes were recom- 
mended for sanction to the Governing Body : 

1. Preparation of drugs containing 
coumarin and chrornone nucleus : Dr. 
D. Chakravarty {Calcutta). 

2. Construction of an osmometer for high 
])olymcr research: Dr. S. R. Palit (Calcutta). 

3. Utilization of cellulose resources other 
than cotton: Mr. D. L. Sen (Bombay). 

4. Insecticides from tobacco : Dr. T. R. 
Seshadri ( Waltair ). 

5. Chemistry and pharmacy of Indian 
ergot : Dr. T. R. Seshadri ( Waltair ). 

6. Survey of fungus flora as sources of 
antibiotics : Dr. S. R. Bose ( Calcutta ). 

Central Food Technological Research Insti- 
tute — The Prime Minister announced the 
gift of the Cheluvamba Man.sion in Mysore 
for housing the Institute. Necessary funds 
have now been sanctioned by the Govern- 
ment of India to equip the buildings with 
laboratory facilities and services. Research 
work on technological aspects of the country’s 
food problems will soon be taken up at the 
Institute for investigation. 

Central Drug Research Institute — The 
Government of the United Provinces have 
offered the historic mansion Chat tar 
Manzil ” at Lucknow for housing the Insti- 
tute. The building has a floor area of 60,000 
sq. ft. and about 80 rooms in its 3 storeys. 

With the establishment of these two 
Institutes, the first phase in the founding 
of a chain of 11 national laboratories in the 
country initiated by Dr. S. S. Bhatnagar 
will be nearly complete. 

Dictionary of Raw Materials & Industrial 
Resources of India — The publication of the 
first volume of the dictionary, The Wealth 
of India, was announced. The work will 
coniprise of six volumes and deal with 4,000 
subjects covering the natural resources of 


India. The first volume covers the letters 
A and B and runs to 400 pages. 

Low-temperature Carbonization of Coal — 
Among the proposals adopted by the 
Governing Body of the ("ouncil was the 
scheme to set up plant-scale investigations for 
low temperature carbonization of coal at 
Fuel Research Institute, Dhanb. By the 

low- temperature carbonization of 3*5 mil- 
lion tons of coal, which amount has been 
estimated as necessary for meeting India's 
soft coke requirements, enough by-product 
tar and oils would be available for the pro- 
duction of nearly 200,000 tons of synthetic 
petroleum and the by-product gas produced 
could be utilized for domestic and industrial 
heating purposes. The proposed plant at 
Dhanbad ( capital cost Rs. 10 lakhs ) would 
carry out investigational work for adoption 
of this ])rocess to Indian conditions. 

Optical Glass Manufacture — The Board 
accepted the recommendation of the Glass ft 
Refractories Research Committee on the 
production of optical glass in India. It 
has been recommended that investigational 
and pilot-plant work should be taken up 
without delay at the Council’s Central 
Glass & Cereimic Research Institute, Calcutta. 
It has also been recommended that a team 
of ceramic and glass experts should visit 
the various ceramic and glass industrial 
centres in the country and make a survey 
of their difficulties and problems and report 
to the Government of India as to what steps 
should be taken to improve the conditions 
in the industry and what help should be 
given for its scientific development. 

Radio Research — It has been proposed 
to set up under the auspices of the Council 
an ionospheric field station outside the city 
of Calcutta at a cost of about Rs. 50,000. 
The station will carry out research work on 
ionospheric conditions over Calcutta and 
will work under the supervision of the 
Radio Research Committee of the Council. 

Malaria Chemotherapy Committee — The 
Governing Body has approved of the proposal 
to constitute a standing Malaria Chemothe- 
rapy Committee under the Pharmaceutical 
and Drugs Committee which would co-ordi- 
nate and direct research on ipalaria preven- 
tion and cure now carried out in the country. 



Exhibition of Scientific Instruments 


T he exhibition of scientific instru- 
ments, which the Indian Science 
Congress organizes at its annual 
sessions, provides an opportunity 
to assess the progress achieved by the 
scientific instruments industry in 'India. A 
large number of well-established firms are 
now manufacturing many of the instruments 
and apparatus which were being imported 
during the pre-war years. 

As many as 15 firms took part in the 
exhibition, and a wide range of instruments 
and apparatus used in teaching and research 
in physical, chemical, and biological sciences 
were on show, In design and quality of 
workmanship also there has been a remark- 
able advance. The exhibits included : cathe- 
tometers, spectrometers and spectroscopes, 
optical benches, reading and research micros- 
copes, telescopes, galvanometers, dip-needles, 
and other electrical measuring instruments, 
several new types of balances, optical lenses, 
laboratory glassware and others. The A ndhra 
Scientific Co, Ltd., Masulipatam, had exhibited 
instruments which attracted much atten- 
tion. A wave-length spectrometer with 
camera attachment and wave-length drum, 
designed and fabricated in their own work- 
shops, was shown. This firm manufactures 
arc lamps and other accessories for advanced 
spectroscopic work. Their Admirality 
Pattern Sextant, manufactured for the first 
time in India, was a notable addition to 
the range of instruments. A specially design- 
ed aberrationmeter for testing inaccuracies 
and defects in lenses was also exhibited. 

A wide range of instruments specially 
designed to meet the requirements of educa- 
tional institutions was exhibited by Messrs 
Scientific Instruments Co., Allahabad ; 
Instruments & Chemicals Ltd., Ambala ; and 
Scientific Apparatus Manufacturing Co. Ltd., 
Agra. These exhibits were characterized by 
sturdy construction and simplicity of design. 
Dip-needles, galvanometers, potentiometers, 
verniers, induction coils, resistance boxes, 
Wheatstone bridges, optical benches, etc., 
were some of those under this head. The 
Agra firm specializes in instruments such as 
kymograph apparatus, myographs, time 
markers, recording drums, respiration pumps, 
etC4 , required in pharmacological and physio- 
logical research. 


Lenses, optical instruments and accessories 
are now being manufactured by the Instru- 
ments Research Laboratory, Calcutta. Optical 
glass is imported in bulk quantity from 
abroad and cutting, shaping, grinding and 
polishing are carried out in the firm's work- 
shop. There is a considerable demand in India 
for achromatic lenses, low-power microscope 
objectives, prisms of various types, optically 
flat glass surfaces, magnifying lenses, etc., 
and they are now being satisfactorily met 
by the Instruments Research Laboratory. 

Two other exhibits which attracted atten- 
tion were a miniature gas plant manufactured 
by Messrs Gansons Ltd., Bombay, and a new 
type of chemical balance with an arrange- 
ment for the mechanical manipulation of 
fractional and gramme weights ( sensitivity 
yV Jiig- ) manufactured by the Balance 
Works, Banaras. The gas plant is a compact, 
self-contained unit working on petrol with an 
automatic control mechanism for gas supply. 
The manufacturers can supply plants of 
various capacities, the largest being able to 
feed 500 burners. 

Mention should be made of Messrs 
Kuycee Industries Ltd., Poona, who had 
exhibited an extensive range of electrical 
measuring instruments of good quality, 
design, workmanship and finish. 

The instruments exhibited during the 
recent session of the Indian Science Congress 
were those marketed by instrument manu- 
facturers in the country. In a highly spe- 
cialized field of this type, there are a large 
number of instruments developed by research 
workers primarily to meet their special 
requirements, but which have potentialities 
for wider use. A large number of instru- 
ments based on research and constructed by 
skilled craftsmen are in use in specialist 
organizations, e.g. Indian Meteorological 
Department , Mathematical Instruments 
Office and Civil Aviation Directorate. For a 
proper appraisal of the progress in the design 
and fabrication of scientific instruments, all 
organizations interested in scientific instru- 
ments should be invited to participate in the 
exhibition. We hope that in the coming ses- 
sion. the delegates would have the opportunity 
to see a wider range of exhibits and to discuss 
with designers and manufacturers the special 
problems relating to their requirements. 
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Characteristics of the Ionosphere 
over Calcutta (December 1948) 

S. S. BARAL, S. N. GHOSH, R. K. MITRA, 
D. C. CHOUDHURY & (Miss) T. K. PAL 

Wireless Laboratory, University College of Science, Calcutta 


T he following are the ionospheric data 
observed at Calcutta for the month 
of December 1948. The observa- 
tions were made at each hour of the 
day for 5 days a week. 

Fig. 1 presents the mean hourly values 
of the virtual heights and critical frequencies 
of the Fg layer and the critical frequency 
of the E layer in graphical form during the 
month of December 1948. Fig. 2 gives the 
predictions of maximum usable frequencies 
which can be used for different distances of 
transmission during March 1949 by reflec- 
tion at the F region over Calcutta, Table 1 
gives the list of occasions when the E region 
was found to be abnormal and the corres- 
ponding penetration frequencies and heights. 
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Fig. 1 December 1948. 5hr. 54 min. ahead 
OF G.M.T. 



At Point of Reflection. 


Fig. 2 

— Predicted M.UJ'. for 
VIA Fj layer, March 

TRANSMISSION 

1949. 


TABLE I 



Month & 

Date Hour 



Year 


Ei 

Ks 



Me. 

Km. 

Dec. 194« 

1 17.00 

3-30 

105 


18.00 

3 00 

105 


19.00 

2-55 

90 


18.00 

2 65 

105 


19.00 

a 55 

105 


22.q() 

2-25 

90 


23.00 

2*25 

90 
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TABLE I — rontd. 


Date 

Hour 

/V 


Month 8c 





Year 



Me. 

Km. 



Date Hour /“_ 
Me. 


00.00 

2-30 

00 

01 .( K ) 

2-55 

90 

02.00 

2-70 

90 

03.00 

2-80 

90 

04.00 

2-95 

90 

05.00 

2-50 

105 

07.00 

2 ' 2.5 

105 

08.00 

3-30 

105 

09.00 

3-35 

105 

10.00 

3-50 

105 

16.00 

3-30 

120 

17.00 

700 

135 

18.00 

6 ( X ) 

135 

19.00 

5-20 

120 

20.00 

2-30 

105 

21 . ( M ) 

2 ■ 25 

105 

22.00 

2-30 

105 


10 03.00 

04.00 
05 . ( X ) 

06.00 

07.00 

^ 00.00 

16.00 

17.00 

16.00 

19.00 

21 .1X1 

22.00 

23.00 


2 -.50 90 

2 - 50 90 
3 15 10.5 
3 00 10.5 
315 105 

3 - .50 105 
3-50 105 
3-40 105 
3 15 105 
8 00 105 
2-30 90 
2 15 90 
2 00 90 


18 16.00 

17.00 

18.00 

19.00 

20.00 
21.00 
22.00 

23.00 

14 01.00 

02.00 

03.00 

04.00 

05.00 

06.00 

07.00 
18 .( K ) 

20.00 
21.00 

15 17.00 
18.00 

16 14.00 
. 17 .( K 1 

18.00 

20 . ( X > 
21.00 
22.00 

17 01.00 

05.00 

06.00 

07 . ( K ) 

08 . ( K » 

09.00 

10.00 

18 16.00 

SO 20 .( K > 

21. (M) 
22 .(M) 
23.00 


4-45 

120 

3-20 

120 

3 • ( K ) 

105 

3 • 00 

105 

2-60 

90 

2 00 

90 

3-25 

90 

2-85 

90 

300 

90 

4 00 

105 

3-30 

105 

3 25 

105 

2*85 

90 

2-80 

90 

3-80 

105 

3*00 

105 

2-45 

90 

2 05 

90 

2-90 

105 

2-50 

105 

4 • 50 

120 

4 • 5 (J 

120 

2-85 

120 

2-50 

105 

3 00 

105 

2-70 

106 

2-50 

90 

2-40 

90 

2-25 

90 

3-00 

105 

3 -( K ) 

105 

3-50 

105 

410 

120 

3-35 

120 

2 ( U ) 

90 

2-65 

90 

2-20 

90 

2-30 

90 


02.00 

200 

05.00 

2-30 

07.00 

2-60 

08.00 

3 • 45 

10.00 

3-75 

11.00 

4-10 

12 .( K ) 

4 '40 

13 .( M > 

4-25 

14 .( H ) 

4 10 

16.00 

3-55 

17.00 

3 00 

18.00 

2-50 

20.00 

2-20 

22.00 

2-10 

23.00 

2-35 

00.00 

2 -SO 

03 . 0 (> 

2 00 

14.00 

4 ' 35 

15.00 

4-70 

16.00 

4-45 

17.00 

4-25 

11.00 

4 00 

13.00 

4-40 

14 .( H ) 

4-(»0 

22.00 

3 '20 

23.00 

4 ■ 50 


24 00.00 4- 00 

02.(K> 4- 00 

04.00 2-80 

05.00 2*50 

06.00 2-40 

07.00 2-85 

00.00 4-00 

02-00 4-00 

04.00 2 -SO 

05.00 2-50 

06.00 2-40 

07.00 2-85 

08 .( M > 3-80 

17.00 3-85 

18.00 3-20 

19.00 2-75 

21.00 2-60 

22.00 2 • 25 


28 22.00 2-90 

23.00 3-05 


00.00 2 • 25 

01.00 2 00 

02.00 2 00 

10.00 4 • 25 

11.00 4-50 


12.00 

4-25 

13.00 

4 • 50 

14.00 

4 35 

15.00 

4-25 

16 . CX ) 

4 00 

20.00 

4-80 

21 .( K ) 

4 • 00 

22.00 

2-40 

23.00 

2 00 

00.00 

2 00 

03.00 

4-70 

04.00 

3 15 

05,00 

2-40 

06.00 

2-65 

07.00 

2-70 

08.00 

4-20 



Km. 


90 

90 

90 

105 

105 

120 

120 

120 

120 

120 

105 

105 

105 

90 

90 


90 

90 

120 

120 

120 

120 


135 

135 

120 

90 

90 


90 
90 
90 
105 
105 
105 
90 
90 
90 
105 
105 
105 
105 
120 
1 20 
105 
105 
90 


90 

90 


90 

90 

90 

105 

120 


135 

135 

135 

120 

120 

120 

105 

105 

90 


90 

105 

105 

105 

105 

106 
120 




Characteristics & Composition of Vegetable 
Fats in Relation to the Habit of the Plant 


M. NARASINGA RAO, R. SUBBAIAH & A. VENKATESWARULU 

Department of Chemical Technology, Waltair & Mrs. A. V. N. College, 
V izagapatam 


P LANTS, bearing seeds which yield 
important vegetable fats, belong to 
various families and exist in different 
statures. From an examination of 
the characteristics and compositions of these 
fats, several important conclusions have been 
drawn. For instance, seeds from plants of 
the same or of closely related natural orders 
furnish oils containing the same fatty acid. 
Certain families produce seeds yielding fats 
predominating in a particular fatty acid 
or acids, e.g. myristic acid in Myristicaceae, 
lauric acid in Lauraceae and elaeostearic acid 
in Euphorbiaceae, etc. It has been recognized 
that the degree of unsaturation of the fat 
is dependent upon climatic conditions^, es- 
pecially temperature, to which the plant is 
exposed. The sensitiveness of the plant to 
variations in climatic conditions is particu- 
larly conspicuous in plants, the seeds of 
which contain unsaturated fatty acids with 
2 or 3 double bonds. 

No definite attempt has so far been made 
to correlate the characteristics and the com- 
position of seed fats with the stature of the 
plant. In the course of our work^ on the 
fatty acid composition and glyceride struc- 


ture of vegetable fats from different botanical 
families, a striking relationshi* was observed 
between the habit of the plant and the degree 
of unsaturation of the fatty acid constituents 
of the seed fats. Tree .seeds, generally, 
yielded fats of a lesser degree of unsaturation, 
while seeds from herbs and shrubs gave oils 
of an unsaturated nature. It was considered 
of interest to examine systematically the 
available data on the characteristics and 
composition of oils with special reference to 
the degree of unsaturation. The data for 
seed oils of the following families have been 
analysed ; (1) Dipterocarpaceae, (2) Myris- 
ticaceae, (3) Guttiferae, (4) Lauraceae, 
(5) Sapotaceae, (6) Anacardiaceae, (7) Sapin- 
daceae, (8) Meliaceae, (9) Myrtaceae, (10) Apo- 
cynaceae, (11) Linaceae, (12) Solanaceae, 
(13) Papaveraceae, (14) Pedaliaceae, (15) Com- 
positae, (16) Acanthaceae, (17) Tiliaceae, 
(18) Malvaceae and (19) Papilionaceae. 

The first ten families consist of trees, 
while the next seven consist of herbs or shrubs 
only. The last two, namely Malvaceae and 
Papilionaceae are interesting in that they 
consist of members of all statures, It can 
be seen from the data presented in Table I 




TABLE 



S. No. Natural order 

Ni^mbkr of plants 

Habit 

Variation 



ST(;DIKU ( KEFEREhtCK 


IODINE 



TO LITERATURE IN 


VALUES 



BRACKETS ) 



1 

Dipt^rocarpacpae 

Four ( 2 !) ) 

Large trees 

32 3-42 -80 

2 

Myristicaroao 

'riiirteen ( 6 10) 

Trees 

I •72-61-0 

3 

(iiittiferae 

Twelve ( 51, 11-17 ) 

Trees and small trees 

36 7-93-5 

A 

Lauraceae 

Eleven ( 51, 6. H, 18-21 ) 

'I'rees and small trees 

4 0-86 -4 

5 

Sapotaceae 

Eleven ( 51, 12, 22-27 ) 

'Frees 

32 -9-60 -7 

« 

Anacardiaceae 

Four ( 55-58 ) 

Trees 

39 -2-97 -8 

7 

Sapindaceae 

Three ( 59-61 ) 

Trees 

43 -8-58 -5 

S 

Meliaceae 

I'wo ( 62, 63 ) 

Trees 

72 6-74 3 

u 

Myrtaceae 

One ( 64 ) 

Tree 

96-4 

10 

Apocynaceae 

Three ( 65-67 ) 

'Frees 

68 -2-87 -6 



One ( 65 ) 

Trees or shrubs 

145-4 

11 

Linaceae 

Seven ( 28-31 ) 

Herbs ( annual ) 

182-3-196-9 

12 

Solanaceae 

Twelve ( 2, 32-39 ) 

Herbs or small trees 

111-7-150-2 

n 

Papaveraceae 

Two ( 68, 69 ) 

Herbs 

121-0-139-8 

u 

Pedaliaceae 

Two ( 70, 71 ) 

Herbs 

110-8-114-0 

15 

Compositae 

Five ( 72-70 ) 

Herbs 

in-3 141-3 

16 

Acanthaceae 

One ( 77 ) 

Herb 

135-0 

17 

Tiliaceae 

One { 78 ) 

Herb 

109-2 

18 

Malvaceae 

Fifteen ( 2, 38. 40-49 ) 

All statures 

34-7 108-9 

19 

Papilionaceae 

Eight ( 8, 50-54 ) 

All statures 

63 -3- 123 -3 
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TABLE II 

Mi^an iodinp valiiP / Shrubs (average of 42 values) 131-94 
Mean iodine value Trees (average of 74 values) 52-60 

Mean difference 79 • 38 

S.E. of mean difference 29-4 

‘f * value for 114 d.f. of 13-9 

that the seed fats derived from trees are 
generally more saturated than those derived 
from herbs or shrubs. The available data 
has been subjected to statistical analysis 
( Table II ). The iodine values, represent- 
ing the degree of unsaturation of the fat, 
have been tabulated according to the statures 
of the plant under two categories : (a) trees, 
and (b) shrubs and herbs. A statistical 
analysis* of the data shows that the mean 
difference in iodine value between the two 
groups of plants is of the order of 79-38. The 
analysis further indicates that the chances 
of a difference as large as that observed 
occurring through pure chance or random 
sampling alone would be less than 1 in 100. 
It may be confidently concluded from the 
analysis that the seed fats derived from 
trees are generally more saturated than those 
derived from herbs or shrubs in general. 


6. Collin & Hilditch : ibid., 1930, 49, 141 T. 

7. Heiduschka & Habel : Arch., Pharm., 1933, 

271, 56. 

8. Lewkowitsch : Oils, Fats <5- Waxes, 1922, 2, 

573, 579. 

9. Baughman et. al. : J.A.C.S., 1921. 43, 199. 

10. Steger & Vanloon : Rec. tvav. Chim., 1935, 54, 

149. 

11. Bushell: Unpublished observations (Hilditch: 

The Chemical Constitution of Natural Fats ). 

12. Hilditch & Saletore : /.S.C.7., 1931, 50,468T. 

13. Vidyarthi & Rao, Dasa : /. Ind. Chem. Soc., 

1939. 16, 437. 

14. Dhingra et. al. : J.S.C.I., 1933. 52, 116T. 

15. Kau & SiMONSEN ; ibid., 1922, 41, 902A. 

16. Dhingra & Hilditch: ibid., 1931, 50, 9T, 468T. 

17. Glasgow: ibid., 1932, 31, 172T. 

18. Puntambekar : J . Ind. Chem. Soc., Ind. < 5 - 

News Ed., 1938; 15, 19. 

19. Puntambekar & Krishna : ibid., 1933. 10, 395. 

20. Gunde & Hilditch: /.C.5.. 1938. Part II, 1610. 

21. Collin : Biochern. J., 1931, 25, 95. 

22. Vidyarthi & Mallayva : f. Ind. Chem. Soc., 

1939.16,443. 

23. Green Sc Hilditch : f.S.C.I., 1938. 57, 49T. 

24. Pelly : f.S.C.I., 1912 , 31, 98. 

25. Bushell & Hilditch . J.S.C.I., 1938, 57, 48T. 

26. Hilditch & Ichaporia : ibid., 1938, 57, 44T. 

27. Hilditch & Stanisby : ibid., 1934, 53, 197T. 

28. Eibner & Brosell : Chem. Umschau., 1928, 

35, 157. 

29. Gay: J.S.C.I., 1932, 51, 126T. 

30. Kaufman & Keller : Z. Am^ew., Chem., 1929, 

42, 76. 


S. No. Natural orukr 


1 Coniferae 

2 Euphorbiaceae 

3 Juglundaceae 


TABLE m 

Number of plants Habit 

STt'DlED ( REFERENCE 
TO LITERATURE IN 
BRACKETS ) 

Nine ( 80-87 ) Trees 

Six ( 88-01 ) Trees and small trees 

Ten ( 92-100 ) Trees 


Variation in 

IODINE 

VALUES 


101-3-1. 56 -3 
129-2-171-0 
97-1-101-7 


It must be observed, however, that the 
conclusion is true only in the case of those 
seed oils which contain the usual types of 
acids. Euphorbiaceae, for example, is ex- 
ceptional in possessing a few species which 
elaborate unusual acids. Thus ricinus 
species contain ricinoleic acid, and two 
species of aleurites yield elaeostearic acid. 
Further, our observation does not hold for 
plants originally belonging to temperate 
climates, e.g. pines, walnut, beech, etc., 
which yield drying oils though they are 
all large trees (Table III). 
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Silica Gel— Its Reactivation & Indication 

C. S. R A O 

Technical Development Establishment I nslrumcnfs & Electronics ), 


Dehra Dun 


S ILICA gel is a common desiccant used 
for the preservation of optical and tele- 
communication stores in transit and 
storage in tropics, primarily because it 
is neutral in character and can be reactivat- 
ed and used a number of times. It is 
usually supplied as a white granular solid ; 
sometimes a portion of the gel is coloured 
with cobalt chloride which acts as an 
indicator as to the condition of the desiccant. 
The granules stained with cobalt chloride 
appear deep blue when the gel is fully active 
and turn pink when saturated with moisture, 
thus indicating that the gel needs activation. 


Reactivation Methods 

Used silica gel can be reactivated for 
further use by heating under controlled 
conditions above a temperature of 300°F. 
If an indicator is present, it should not be 
heated to temperatures above 450°F. White 
gel may be heated to higher temperatures 
without appreciable damage, but a* tem- 
perature of 300° to 400°F. is usually suffi- 
cient for regeneration of all types of silica 
gel, the charges being normally baked for 
2 to 3 hours at this temperature. On account 
of the poor heat conductivity of the material, 
it is important that during the reactivation 
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process it should be spread in thin layers 
and, if possible, frequently stirred to ensure 
uniform heating. Further, during the first 
hour of reactivation, the temperature should 
not be allowed to exceed 250°F. to obviate 
the possible breaking up of the granules. 

For bulk regeneration, specially construct- 
ed electric ovens with thermostatic control 
are ideal. The ovens should be fitted with 
fine wire-mesh trays on which the gel is 
spread out in layers of about quarter-inch 
thick. The ovens should have air vents at the 
top and bottom to provide free circulation 
of air through the chamber and to facilitate 
escape of moisture during the reactivation 
process. The temperature of the oven should 
be regulated to ZSO^^F. during the first hour 
and then increased to 400°F. and maintained 
at this value for a further two hours. 

There may be, however, numerous occa- 
sions when the necessary equipment of the 
type mentioned above is not available. A 
sigri, stove or other source of heat available 
can be used for the purpose, the gel being 
roasted on a thick metal ( e.g. iron ) plate 
placed over the source of heat. The gel 
must be constantly raked on the tray to 
prevent over-heating. 

Indication of Active Silica Gel 

Two methods are usually employed to 
observe visually the state of exhaustion of 
the silica gel employed in a container and to 
know when it needs reactivation : 

1. A portion of the gel ( not enclosed ) is 
coloured with cobalt chloride solution, 

2. When the gel is enclosed in a linen 
bag or kept in a metal container with a 
perforated lid, a dab of cobalt chloride 


solution on the outside of the linen bag or a 
thin filter paper strip dyed with the indicator 
solution and stuck on the perforated lid will 
provide the necessary indication. A 30 
per cent solution of cobalt chloride for 
dyeing the filter paper gave the best results. 
A sufficiently Strong and easily distinguish- 
able tint develops at low humidity values 
without leaving a deposit of excess salt 
over the surface of the paper. 

The transition of colour from blue to pink 
of the indicator, in both the methods em- 
ployed, takes place when the relative humi- 
dity of the surrounding space reaches 60 
per cent. At this stage, the silica gel still 
possesses an appreciable reserve of absorp- 
tion capacity without unduly raising the 
humidity of the container to a value at which 
fungus growth can take place. The above 
change in colour of the indicator may, 
therefore, be considered as a safe limit when 
the gel has to be reconditioned. 

A useful method of checking the con- 
dition of a desiccator is to determine the time 
taken for the indicator to change from pink 
to blue when the desiccator is closed. The 
experiments with different desiccants showed 
that this time should not exceed IS minutes 
in the case of silica gel and quicklime 
desiccators and 10 minutes in the case of 
desiccators using quicklime-calcium chloride 
mixture. If the time required for the 
change of colour is within these limits, the 
desiccator may be considered to possess 
useful life. 

The author desires to place on record his 
grateful thanks to the D.C.G.S. ( W & E ) 
and the D.T.D., A.H.Q.(I) for kind per- 
mission to publish this note. 
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D uring the past few years consider- 
able progress has been made in 
America in the design of special 
geophysical instruments suited to 
exploration programmes. These develop- 
ments have been achieved as a result of the 
co-operation of several governmental depart- 
ments and private organizations whose 
physicists, electronic engineers, military 
scientists, geologists, geophysicists and 
photographic specialists jointly or severally 
contributed their technical knowledge and 
skill to evolve these useful designs. Some 
of the developments may be said to have 
been largely a result of the stimulus pro- 
vided for research during the war. Till 
recently very little had been published on 
these developments for reasons of military 
security, and some secrecy still exists on the 
design and applications of a few of the latest 
instruments and techniques. However, a 
good deal of information has already been 
released to the public and a brief account 
of the nature of the instruments and their 
operation are given in this paper. The 
possibilities of applying these methods 
for geophysical exploration in India are 
indicated. 

Prospecting from the Air 

The idea of making physical measurements 
from the air, high above the ground surface, 
is by no means quite novel. For a long time 
scientists have been recording some of the 
physical data in balloons and aeroplanes. 
Geophysicists were not slow in realizing the 
advantages of making surveys of gravita- 
tional and magnetic field variations of the 
earth from the air. But the problems of 
instrumentation suited to this type of 
measurement had not been solved, and as far 
as the gravimetric method is concerned, 
the problem still remains unsolved. During 
the war, magnetic airborne detectors were 
designed in U.S.A. which were successfully 
used for the location of enemy submarines. 
Further researches have resulted in the 
development of airborne magnetometers 


which have now become well known and 
extensively used for geophysical surveys. 
By the special permission granted by the 
Director of the U.S. Geological Survey, and 
also the Director of Mines and Resources in 
Canada, the author had an opj )rtunity of 
studying this new method ot magnetic 
prospecting from the air in actual flights 
with the geophysical parties. 

The airborne magnetometer u.sed by the 
U.S. and Cduadian Geological Surveys con- 
sists of a “ flux-gate " mechanism. It is 
capable of automatic orientation in the 
magnetic meridian so that changes in the 
movement, mechanical oscillations, etc., of 
the plane are without any effect. The 
detector element is housed in a stream- 
lined bomb-shaped case which is called the 
“ bird ”. The bird is towed beneath the 
aeroplane by means of a non-magnetic 
cable 100' long, and is released or wound by 
means of a winch within the plane. The 
signals picked up by the magnetic element in 
the bird are carried to the recording meter 
by tlie towing cable itself. The total 
magnetic intensity of the ground in the 
path of the plane is measured and con- 
tinuously registered electronically on a panel 
which is suitably constructed within the 
plane. The sensitivity of the magnetometer 
can be varied by selector switch controls. 

The position of the plane in space is 
determined by obtaining a terrain photo- 
graph vertically above the path of flight 
by means of a gyroscopically stabilized con- 
tinuous strip camera. A recording radio- 
altimeter also continuously measures and 
registers the height of the plane above 
ground. All the 3 records, namely the total 
magnetic intensity graph, the terrain photo- 
graph and the altimeter chart are co- 
ordinated by an electrical system. By 
matching the ground strip with the photo- 
graphs on maps of suitable scale, and also 
knowing the height of the plane above the 
ground surface, it is possible to locate the tra- 
verse lines and to plot the total magnetic in- 
tensity variations along these lines. A special 


From the lectures delivered at the Geological Survey of India, Calcutta, July 13-14. 1948. 
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mechanical device is usually employed for 
directly transforming the field curves of mag- 
netic intensity into orthogonal co-ordinates. 

When the flights are made over water, 
ice or unmapped territories, the locations 
are obtained by the use of “ Shoran a 
radio-navigation aid, or radar triangulation. 
With this system the distance from two 
ground stations is measured electronically 
and is constantly recorded and co-ordinated 
with the total magnetic intensity chart. 
The traverse lines could then be deduced, 
knowing the position of the ground stations, 
and the magnetic intensity variation plotted 
with reference to such lines. 

There are some modifications in the cons- 
truction of the magnetic elements, the 
recording devices and other details in the 
airborne magnetometer units which have 
been developed by some of the private 
companies operating for regular surveys on 
a commercial basis. For instance, the 
system built by Heiland Research Corporation 
and used by the Geophysical Exploration 
Company of Denver, Colorado, has a detector 
unit of small dimension which is built in the 
wing tip of the plane itself. Dr. Hans 
Lundberg’s organization has a separate 
type of magnetometer which is mounted in 
front of the cabin in a helicopter. The heli- 



copter type of aircraft has great manoeuvr- 
ability as it could fly at very low alti- 
tudes. Its speed is less, and a given point 
cQuld be reached at a given moment, and it is 
also possible to keep hovering at a point, as- 
cend or descend vertically over a fixed point. 
It is capable of landing in small clearings. 

The advantages of the airborne magneto- 
metric surveys are the obvious speed with 
which the measurements are made and the 
ability to gain knowledge of the remote 
inaccessible areas, especially over swamps, 
lakes, deserts, jungles, and mountainous 
tracts. The airborne measurements also 
effectively eliminate — or at least minimize, 
the interferences caused by rails, pipes, 
transmission lines and other disturbing 
factors met with in the ground surveys. 
To the advantages offered by the airborne 
unit, we may also add the ability to study a 
particular indication or anomaly at different 
altitudes and thus obtain valuable additional 
data for interpretation. 

The U.S. Geological Survey crews have 
carried out, during 1946, airborne magneto- 
meter surveys over an aggregate area of 
over 50,000 sq. miles including portions 
of the oil-fields of Northern Alaska. A 
good part of their more recent surveys 
have been done over the metamorphic and 
igneous rocks in the iron 
country, Michigan, and in the 
Adirondacks. The purpose 
of the surveys was the loca- 
tion of iron ore deposits, and 
the results are reported to be 
successful. They have also 
carried out airborne surveys 
for locating sedimentary 
structures in the Big Horn 
Basin, Wyoming ; the Atlan- 
tic coast plain, Maryland ; 
and also some places in Okla- 
hama State ; but the results 
of these surveys were said to 
be of rather indifferent suc- 
cess. Several aeromagnetic 
surveys by private companies 
are reported to have been 
carried out in the search for 
sub-surface ridges of igneous 
rocks which are associated 
with certain types of oil-field ; 
the results of these surveys 
are not known. 

In Canada, the National 
Research Council, iht Geological 
Survey dead i\xe RoyalCanadian 



Fig. 1 — A bekch-craft aeroplane- towing the bomb-like 

BIRD ” in which a SENSITIVE MAGNETOMETER IS KEPT. THK 

( IMPULSES DyE TO THE EARTH'S MAGNETIC FIELD ARE PICKEd UP 
BY THE TOWING CABLE TO A RECORDING INSTRUMENT INSIDE 
THE PLANE. 

'{ By ■ courtesy of Engineering & Mining Jourml", McGraw Hill Publication 
„ Ntiv York. ) 
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Air Force have co-operated to carry out 
airborne magnetometer surveys in parts of 
the Canadian Shield. About 1,200 sq. 
miles of the Carleton Place, Arnprior and 
Perth area in Ontario Province have been 
covered and some indications over the iron 
ore bodies have been obtained. Small 
areas have also been surveyed in the Sud- 
bury areas ( Ontario ) and the Louvicourt 
township in Quebec. 

Although £ome notable successes have 
already been achieved in the practical 
application of magnetic prospecting from 
the air, and increasing attention is being 
paid to the question of extending such sur- 
veys over large territories, the serious 
limitations in the use of this method arc 
also being clearly recognized. The airborne 
device cannot dispense with the ground 
magnetometer measurements which should 
be carried out for obtaining greater details 
over selected anomalies or indications ; nor 
can this device eliminate the use of other 
geophysical methods entirely. The aerial 
instruments can only be effectively used for 
large .scale or regional reconnaissance sur- 
veys where the structures of the geological 
formations sought for contain minerals of 
fairly high magnetic susceptibility. 

There has been a good deal of publicity 
and advertisement regarding the new air- 
borne magnetometer devices which may 
often tempt uninformed persons to 
contract for the use of the 
method at great expendi- 
ture without realizing the 
possibilities of, or need for, 

. such surveys. In the adver- 
tisements and technical bro- 
chures comparisons of costs 
are sometimes given on the 
basis of what the ground 
surveys would cost and what 
large economies would result 
by the application of airborne 
surveys. While this com- 
parison is true in appropriate 
cases, it .should not be 
thought that the aeromagne- 
tic surveys as such are cheap 
or inexpensive. For opera- 
tions in count rie.s outside 
U.S.A., the clients have to 
pay all the expenses of mov- 
ing the plane, survey equip- 
ment, crews, etc., and meet 
the operational costs, living 
expenses, and all otl^r inci- 


dental charges of the working crews over and 
above the contracting fees. The overall 
costs ma}^ work up to many lakhs of rupees 
if such surveys were now taken up in India. 

There is no doubt that there are some 
large areas of forests, inaccessible, hilly and 
mountainous tracts, deserts, and other 
blanketed or difficult ground in India where 
airborne magnetic surveys may bring to 
light some useful indications of iron ore 
bodies, or possible sub-surface structures 
favourable for finding oil But will the 
location of iron ore in such blanketed tracts 
prove of any immediate benefit m India ? 
The already knowm reserves of nigh grade 
ore in many parts of the country have not 
been tapped to any great extent. There 
is no point in applying a recent technique 
of exploration simply because it has been 
successful in IJ.S.A. The urgent necessity 
for location of iron ore deposits in that 
countiy is understandable as the very rapid 
growth of iron and .steel production has 
brought in a fear of early exhaustion of their 
best and largest deposits. 

Regarding the exploration for oil by aero- 
magnetic surveys, it must be understood 
that even in U.S.A. no outstanding dis- 
coveries or results in establishing new oil- 
producing fields have as yet been reported. 
It would appear that aeromagnetic surveys 
in India cannot command any priority, and 
there appears to be no urgency or need for 



Fig. 2 — The magnetometer patented by the Gulf Oil 
Company and used by the Aero-Service Corporation of 
Philadelphia. 

{By courtesy of" Engineering & Mining Journal ”, McGraw-Hill Publication Co,, 
New York, ) ’ 


82 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 3 


any of the Government or private agencies 
spending large sums of money on these 
surveys when the country needs all such 
capital, as it can spare, for the more feasible 
and urgently needed surveys by less ex- 
pensive geophysical methods. 

Prospecting for Radioactive Minerals 

Dr. M. S. Krishnan has made a study of 
this subject and his valuable paper^ on 
uranium gives an excellent summary of the 
present position of our known and potential 
sources ; he also draws attention to the me- 
thods which can be employed in the testing 
of and exploration for radioactive minerals. 

During the war some portable types of 
Geiger- Muller counters were designed in 
U.S.A. and used extensively in the search 
for radioactive ores. In the Yellow Knife 
and Eldorado areas of Canada, in portions 
of Colorado^ Utah and other parts of U.S.A 
— the famous sources from which most of 
the uranium ores were obtained for the 
atom bomb project — these portable radio- 
activity detectors have been used. There is 
strict secrecy attached to the several explora- 
tion programmes still actively going on in 
those countries. 

The Geiger-Muller counters have been 
designed in portable form with self-contained 
batteries, tdbes, headphones, and/or recording 
meters in a compact build for field use. 
The equipment is also convenient for use in 


quarries, underground mine workings, tun- 
nels, adits, shafts and other places. Several 
models of the portable counters have been 
placed on the market in U.S.A. and probably 
also in other countries now, and the cost of 
a single set would be about $250. The 
operating expenses are small, and are mostly 
confined to the renewal of batteries. 

In prospecting, this type of equipment 
could be worn on a shoulder sling, and the 
counter tube be adjusted i to a convenient 
height above the ground. The operator 
walks at a slow pace and notes the counts 
registered on the meter in a given time, — 
say, per minute. There is usually a back- 
ground count, due mainly to cosmic rays, 
which varies according to latitude and alti- 
tude ; this count is also a characteristic of 
the particular counter tube employed. These 
‘‘ blanks ** or background counts should 
always be determined over normal 
ground in the locality. Strong indications 
of the presence of radioactive minerals can 
be observed only when the background 
counts increase by 100 per cent or more. 
It is, however, necp.ssary to bear in mind 
that thick overburden absorbs radiations 
from the underlying materials, and it is 
doubtful if veins containing valuable ore- 
covered up by soil or debris to a thickness 
of more than 4' to 5' can at all be satis- 
factorily detected by this method. Major 
differences in the normal radioactive con- 
tents of several types of ex- 
posed rocks can be detected 
by this equipment if the 
background counts are 
small and remain otherwise 
undisturbed. 

In India we may use the 
portable counters in tracts 
where geological conditions 
appear favourable for the 
occurrence of uranium and 
thorium minerals. Pegmatitic 
regions should be specially 
explored, the veins penetra- 
ting older schists and other 
metamorphosed rocks receiv- 
ing a closer search. Faults 
and fissures sometimes have 
concentrations of radioactive 
substances and such zones 
may possibly lead to the 
discovery of likely sources of 
radioactive ore-body. It would 
also be worth while examining 
the wall rocks or faces in open 



Fig. — • An interior view of the cabin of the aeroplane 

SHOWING THE INSTRUMENTS USED BY THE AERO-SeRVICE CoRPO- 
Ri*iTioN OF Philadelphia.' 

'{By iourtesy of Engintering & Mining McGraw-Hill Publication 

Co., New York. ) 
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cast and underground mine workings and 
quarries, and differentiating between rocks 
possessing varied degrees of radioactivity. 
Suitable counting equipments have been 
devised for measurement in wells and bore 
holes. There is also some scope for arti- 
ficially exciting the radioactive properties of 
some of the minerals and measuring the 
secondary radiations. Such determinations 
may furnish diagnostic criteria for identify- 
ing and distinguishing certain of the rare 
minerals. A penetrating y-ray has been dis- 
covered for beryllium^, and possibly with 
some further research a method may be 
developed by which beryl hidden in pegma- 
tites can be detected. 

The use of diamonds to detect atomic 
radiations has been recently suggested and 
the U.S. National Bureau of Standards have 
shown that diamonds are 
sensitive to y-rays and that 
“ Diamond Counters ”, like 
the G.M. counters, could be 
constructed to detect y-ray 
radiations^. 

While the foregoing lines 
of research and other possibi- 
lities of radioactive method 
should receive consideration 
of physicists and electronic 
engineers, a number of our 
geologists engaged in detail- 
ed mapping of pegmatitic 
regions should be furnished 
with portable Geiger-Muller 
counters and given training 
for using this apparatus in 
their field-work. However, 
the limitations of portable 
instruments as tools for pros- 
pecting must be realized. 

The detectability, as already 
pointed out, is rather poor 
for material covered by even 
comparatively thin overbur- 
den, and the method has 
practically no use on thickly 
blanketed ground. In spite 
of the extensive search made 
for uranium minerals in many 
parts of U.S. A. and Canada 
by a number of geologists 
belonging to the official sur- 
veys and private organiza- 
tions, there have been no 
reports of any notable dis- 
coveries. In a review of the 
progress in mining geology 


by Prof. L. C. Graton® published in the 
A.l.M.E, Diamond Jubilee volume on 
Seventy-five years of progress in the mineral 
industry it has been stated that ” as far as 
yet disclosed, no spectacular additions to 
reserves of a grade hitherto minable resulted 
from the feverish and extended searches by 
the Allied Governments during war years 
Let us not entertain any unwarranted 
hopes of discovering large workable deposits 
of rich uranium ore. To think that mar- 
vellous results would flow from an extensive 
use of these portable detectors would serve 
no purpose. This instrument ; ould be 
applied with the keenest appreciation of the 
factors involved in the method, if unnecessary 
disappointments are to be saved. It is 
probable that some areas may yield indica- 
tions worth further attention for detailed 



Fig. 4 — Radioactivity Detector — This shows the port- 
able Geiger-Muller counter which measures the intensity 

OF y-RAY RADIATIONS. ThIS APPARATUS, COMPLETE AND 

self-contained with batteries, counting rate meter, etc , 

MEASURES T * X X ZY • ^ 

{ By courtesy of Geophysical Instrument Co., Arlington, Virginia. ) 
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prospecting. In this ^connection it is well 
to remember that any material containing 
lower than about 0*2 per cent of uranium 
cannot be regarded as usable ore, or stuff 
commercially feasible for processing in the 
extraction of the fissionable element^. The 
hopes entertained by some in relying upon 
large bodies of granites and other igneous 
rocks containing minute quantities of ura- 
nium and thorium as potential sources for 
extraction of these elements appear to have 
no practical or economic basis. 

Seismic Methods of Prospecting 

During the Great War I, a sound-ranging 
technique was developed to locate the 
position of enemy guns. The apparatus 
enabled one to measure the time taken for 
sound waves from the guns to travel to 
distant points. Soon after, attempts were 
made to use this principle for determining 
sub-surface geological Structures. Seismic 
prospecting is based on a study of the 
elastic sound waves generated by a blast 
of explosive in the ground. The waves are 
picked up by delicate seismometers ( or 
geophones as they are called ) placed at 
different spots, and the records of the times 
of arrival of the waves are carefully investi- 


gated. From these measurements it is 
possible to infer the nature of strata through 
which the waves have been transmitted 
and calculate the depths to geological dis- 
continuities. Two types of investigation are 
possible in this method : they are described 
as the refraction and the reflection shooting 
methods. The difference between the two 
consists in the nature of the waves ( refrac- 
ted or reflected ) whose times of arrival are 
studied. In the refraction method, travel- 
time data are obtained for those waves which 
have been refracted at the boundaries of geo- 
logical formations or strata possessing differ- 
ent elastic constants (or density). In the 
reflection method, observations are made of 
the time of arrival of the waves which have 
been reflected from the sub-surface horizons 
possessing distinctive elastic constants. The 
two methods differ in numerous practical 
details and theoretical considerations. 

Reflection seismic surveys are the most 
popular ones in recent years in U.S.A. for 
the exploration of oil. Some of the reports 
show that the results of actual drilling have 
confirmed the oil-bearing structures accu- 
rately to depths as large as about 15,000' 
below the surface. A lot of development 
both in instrumental design and field tech- 
nique of exploration has taken 
place and it is needless to 
point out the extraordinary 
successes which have attend- 
ed this method in the location 
of geological structure favour- 
able for finding oil. 

Geophysical prospecting for 
petroleum is a most highly 
specialized technique involv- 
ing the use of elaborate equip- 
ment and highly trained 
personnel. Enormous sums of 
money are required for the 
instruments, field equipment, 
laboratory, personnel, operat- 
ing charges and other invest- 
ments. The geological search 
for oil is an “industry'' by 
itself in U.S.A. and Canada, 
and it has been almost entire- 
ly carried out by private 
organizations who command 
large resources of finance from 
their various undertakings 
yielding substantial profits. 
In 1945 the oil business in 
U.S.A- spent over $55,000,000 
in geophysical prospecting 



Fig, 5 — Portable seismic equipment suitable for 

REFLECTION SHOOTING. ThE SIX CYLINDRICAL UNITS TO THE LEFT 
ARE THE GEOPHONES WHICH PICK UP THE PULSATIONS FROM THE 
GROUND. The small box at THE EXTREME RIGHT IS THE 
** SHOOTING* BOX " — A CONTRIVANCE TO ELECTRICALLY CHARGE THE 

EXPLOSIVES. The 6-trace camera and other connected parts 

ARE CONTAINED IN THE PANEL-CASINGS SHOWN IN THE CENTRE. 
( By cwtftesy of Heiland Research Corporation, Denver, Colorado. ) 
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and employed more than 1,000 professional 
geophysicists. Even so, the oil industry 
may be said to have used only about 
3 per cent of the value of the oil pro- 
duction on geophysical prospecting^. The 
oil companies in India are also probably 
spending several lakhs of rupees on geophy- 
sical surveys, although it is not known 
what proportion this expenditure bears to 
the total value of their oil production. 
Legislators and others in India are demand- 
ing that the Government should conduct 
geophysical surveys for locating more oil. 
Dr. G. Dessau in a recent paper entitled 
Past & Future of Exploration Geophysics in 
India^ has, among other questions, already 
discussed the pros and cons of Government 
agencies in India taking up such geophy- 
sical surveys. 

Whatever may be the position with regard 
to the large-scale surveys for oil, there should 
be no doubt at all that some seismic pros- 
pecting programmes on a limited scale can 
be undertaken by Government agencies as is 
being done by the U.S. Geological Survey. I 
would specially stress the need for obtaining 
portable seismic equipment, several types of 
which have been introduced in recent years. 
Some of these portable units which have 
been placed in the market are compact 
and well constructed and are likely to be 
found quite suitable for operations in 
India. 

In particular, the Technical Instrument 
Company ( Houston, Texas ) have put up a 
unitized portable seismograph which weighs 
only about 55 lb. It has a 24-trace camera 
with mirror galvanometers ( electrically 
damped moving coil type ) arranged for dual 
reading of 12 tracers with 12 amplifiers and 
a neat central panel, having a 30-cycle 
oscillator for checking phase and balancing 
amplifiers. The tuning fork has a vacuum 
tube drive and is magnetically coupled to 
the timing motor. One 6-volt automobile 
battery is the only power required for 
operating both the camera and the amplifiers. 
Together with this unitized seismograph, 
companion equipment such as geophones, 
shooting box, telephones, cable tester, etc., 
are also available. The galvanometers and 
amplifiers are replaceable. The manufac- 
turers guarantee the set for satisfactory 
operation for one year. The cost is rather 
high, about $12,000 for the basic unit. A 
number of oil companies have such units in 
operation and it is reported that the results 
obtained with the portable sets are equal 


to the performance of the conventional 
heavy equipment. 

The Heiland Research Corporation of Den- 
ver, Colorado, have also a 6-trace portable 
equipment which is said to be excellent. 
The price is approximately $6,000. 

The Geophysical Instrument Company of 
Arlington, Virginia, have placed on the 
market an ingenious portable seismograph 
designated “Shepard Type" (named after 
the original designer Mr. E R. Shepard, 
Geophysicist of the U.S. Army Corps of 
Engineers). This instrument has a 3-trace 
camera with a tuning-fork d* dee for 
obtaining the time lines. The firing appa- 
ratus is included within the recorder unit 
itself, thus eliminating the need for a separate 
blasting apparatus. The whole equipment 
with all the accessories weighs 125 lb. and 
the cost is about' $5,000. This type is 
suitable only for shallow refraction-shooting 
problems. 

The U.S. Army Corps of Engineers and 
U.S. Bureau of Public Roads liave employed 
the above type of portable seismographs in 
many of their projects and obtained useful 
results. Thanks to Mr. E. R. Shepard, the 
author was able to study in some detail the 
geophysical work for the Lehigh Valley 
Scheme near White Haven in East Pennsyl- 
vania State. The main object of the 
Scheme, which was under investigation 
by the U .S. Army Corps of Engineers, was the 
construction of a high dam across the 
Lehigh river for flood control and water 
power development. The geophy.sical in- 
vestigation by Mr. Shepard consisted of the 
examination of alternative sites for the dam. 
The depths to bed-rock at various spots 
were determined by using the portable 
seismograph and the results obtained were 
satisfactory, facilitating a rapid evaluation 
of the relative merits of the sites. 

Another seismic investigation conducted 
by the Geophysics Section of the U niversity 
of Toronto in connection with a water supply 
scheme near North York township in Ontario 
Province was studied by the writer. This 
scheme was to sink a number of tube 
wells and obtain water for farm areas and 
industrial plants to be set up in that town- 
ship. The seismic survey was carried out to 
outline the details in the bed-rock topography 
hidden by overburden ( glacial fill ) and select 
the “ deep leads " or underground channels 
in bed-rock from which better supplies of 
water could be tapped. The whole project 
was sponsored by the Ontarib Provincial 
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Government. The seismic data obtained 
revealed some favourable spots for sinking 
wells. Many such investigations are going on 
in America and elsewhere, and we in India 
ought to apply the seismic technique in 
many of our projects. 

Another recent investigation by Mr. W. E. 
Grasham of the Canadian National Research 
Council, Ottawa, with acoustic echo-ranging 
devices may be mentioned here. Attempts 
have been made to study the applications 
in geophysics of sonic echo-ranging methods'^. 
For measurements of the depth of over- 
burden, standard seismic reflection technique 
has been modified to use higher frequencies 
of the order of 1,000 cycles per second with 
small explosions providing the source of 
sound. 

Yet another recent development of con- 
siderable engineering interest is the design 
of special geophones by the US. Bureau of 
Mines in the investigation of micro-seismic 
impulses set up in rock-faces or pillars in 
mining and civil engineering constructions. 
A number of papers by Dr. Leonard A. 
Obert and Dr. Earnest A. Hodgson of 
Canada have been published on this topic®. 
By the courtesy of Dr. Obert, senior physicist 
of the US. Bureau of Mines, the author was 
able to gather some details of the method. 
The equipment built up in this laboratory 
has devices for both listening to and recording 
the sub- audible snappings or “micro-seisms"' 
as they are called, which are assumed to be 
associated with rocks under high pressures 
approaching their crushing strength. For 
any given specimen of rock of suitable 
dimensions, the critical rock pressure can 
be detected by this equipment and the 
technique is being extended to the 
study of rock-bursts in deep underground 
mines. 

In Canada a long . series of researches 
under the direction of Dr. Earnest A. Hodg- 
son, Chief of the Division of Seismology, 
Dominion Observatory at Ottawa, have been 
carried out at Lake Shore, Kirkland Lake, 
and other deep gold-mines in the Ontario 
Province, Although the results of most of 
these researches have not yet definitely 
established a technique for the prediction of 
rock-burst in underground mines, it has 
been shown that methods could be worked 
out to indicate whether or not a given stope 
is under critical pressure at any given time. 
Maybe, further researches would eventually 
sucoeed in impro^lig this, method to predict 
rockrbursts. 


In India, too, our engineers may welcome 
the assistance obtainable by using the geo- 
physical methods, where applicable, in 
solving problems connected with the 
investigation of the vast variety of projects. 
Electrical and seismic methods offer definite 
scope for aiding the engineers in the investi- 
gation of dam sites, highways, railroads, 
tunnels, aqueducts, pipe lines, channels, 
cut-and-fill excavations and other allied 
works and underground water supply 
problems. 

Gravitational Methods 

The application of gravitational methods 
as an aid to prospecting for petroleum in 
U.S.A. started more or less about the time 
of World War 1. With the use of the 
Eotvos torsion balance, geological structures 
such as anticlines and domes having cores 
of material of different densities were located. 
The first oil pool said to have been discovered 
by geophysical methods in America during 
1926 was by the gravitational method. 
However, owing to the high cost of explora- 
tion with the torsion balance little progress 
was made in the beginning. 

The development of and improvements to 
the gravimeters, however, have soon brought 
about a wider use of the gravitational 
method, and at present quite a large number 
of discoveries are attributed to its use. 
While the torsion balance measures the 
horizontal gradient of gravity and the 
differential curvature, the gravimeter mea- 
sures directly the relative differences in the 
force of gravity by “ weighing “ the same 
object from point to point. The usually 
observed changes in weight are exceedingly 
small — of the order of one part in ten 
thousand — or only about one ten-millionth 
part of the value of gravity. The gravi- 
meters are designed to measure such minute 
variations in the weights of an object as 
“ weighed “ at different locations. 

Many types of new gravimeters — light 
and portable and capable of making accurate 
measurements — have come into the mar- 
ket. Some of these are suitable for use 
in the investigations for deposits of minerals 
of high density and also for location of struc- 
tures like faults and flexures. An attempt 
has been made in India by Dr. B. L. Gulatee, 
on an experimental basis, to trace the manga- 
nese. ore deposits concealed under over- 
burden by the gravimetric method. It is 
also learnt that the. Survey of India have 
already obtained a Frost Gravimeter from 
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U.S.A., and that some surveys have also 
been undertaken in the Raniganj coalfield. 

There is no doubt that we could success- 
fully apply the gravimetric method in a few 
of our investigations — both reconnaissance 
and exploratory surveys — and delineate 
known ore bodies and outline certain 
structures hidden by overburden. Trained 
personnel to use the gravimeters and inter- 
pret the results would be available soon 
when a few of our young men now under- 
going regular courses of geophysical study 
abroad return to India. 

Electrical & Magnetic Prospecting 

The later developments in the electrical 
and magnetic methods have resulted in the 
design of many tj^pes of specialized instru- 
ments and new techniques. Improvements 
and variations in the techniques have enabled 
a more extended use of these methods. In 
the resistivity methods, the improved Gish- 
Rooney apparatus holds a prominent posi- 
tion, although the use of vacuum tube 
voltmeter equipment has been increasing in 
certain fields. Continuous or semi-conti- 
nuous resistivity measuring devices with 
mobile electrodes and oscillograph records 
mounted on trucks have been introduced. 
A new variation of the resistivity technique 
suited to investigation by means of measure- 
ments in boreholes in the mining field has 
also been worked out. 

Some new designs and types of non- 
polarizable electrodes have been introduced 
for measurements in the self-potential method. 
The electrical transient and the telluric 
current methods are an innovation. In the 
high frequency and electromagnetic me- 
thods, too, some new instruments have been 
introduced although various factors appear 
to have restricted a more general use of the 
inductive methods. On the whole, the ten- 
dency has been more or less a reversion to 
the older electrical methods like the earth 
resistivity and spontaneous polarization 
methods in the mining field. 

The Askania magnetometers are now 
exceedingly difficult to procure and several 
other makes have come into the field. 
Especially the Ruska magnetometers ( Ruska 
Instrument Corporation, Houston, Texas ) are 
said to be an improvement on the Schmidt 
type of magnetic field balance. In the 
older forms of the Schmidt magnetic balances, 
there were some operating difficulties and the 
delicate instruments had to be handled with 
great care and skill only by experienced 


operators ; otherwise, servicing the instru- 
ments was a hard job. The new Ruska 
magnetometers are claimed to remain ac- 
curate for long periods and the operator 
himself can make most of the necessary 
adjustments rapidly in the field. Also, 
the Ruska Corporation have put forward new 
types of base-station recording magneto- 
meters, which with out the need of attend- 
ants, dark tents and extensive set-ups, give 
a complete record of the diurnal variations, 
time and temperature. The record! ig instru- 
ment also permits direct visual observations 
at any time without disturbing t. e record 
which is being made. 

The Geophysical Instrument Company, 
Arlington, Virginia, have also developed a 
magnetometer following the lines of the older 
Schmidt type and incorporating improvements 
in the construction and design of the knife- 
edge, etc. Sharpe Instrument Company of 
Toronto, in Canada, have also recently put 
on market som magnetometers. Dr. Hans 
Lundberg's organizations are developing 
magnetometers for continuous recording on 
land surveys or over-water surveys. 

While considerable progress has been 
made in in.struments and techniques, there 
has also been a better understanding in the 
interpretation of the survey data and many 
useful results have followed the application 
of the electrical and magnetic methods in 
the mining field and civil engineering investi- 
gations. A few of the outstanding results 
obtained in the mining field in Canada are 
given below. 

Not many years ago, the practical value of 
geophysical prospecting methods for the 
mining field was doubted by many. In 
Canada they were taken sceptically at first 
by the mining industry. But today, fol- 
lowing a number of rather spectacular suc- 
cesses, the methods have gained a high 
reputation. The mining industry there 
spends thousands of dollars on geophysical 
survey programmes. There has also been a 
tendency on the part of some of the mining 
companies to have their own staff for doing 
geophysical work. 

In the Sudbury field large deposits of nic- 
keliferous phyrrhotite have been discovered 
in recent years by geophysical methods under 
careful geological supervision®. The dis- 
covery of ore in Levack township. Falcon- 
bridge area, has been one of the most out- 
standing successes for the magnetic method. 
The property has developed into an impor- 
tant mine, producing about lO'OOO tons of 
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nickel and about 5,000 tons of copper 
annually. It is reported to have reserves 
of nearly 8 million tons of sulphide ore. 

In the most prominent gold-fields of 
Canada — the Porcupine, Kirkland Lake, 
and Lake Shore mines, geophysical methods 
have been employed for gaining information 
on the structural features. 

In the comparatively recent mining camps 
near Noranda and Bourlamaque in Quebec 
Province, electrical and magnetic prospecting 
methods have been very actively employed. 
The Quemont Mining Corporation, who had 
their properties adjacent to the most pro- 
ductive mine known as the Horne Mine of 
Noranda Mines Lid., got their lands geo- 
physically surveyed in 1944. No outcrops 
of rocks are available in the area and 20 
years ago a 900' shaft liad been sunk on the 
property and a large amount of lateral 
development carried out, resulting in the 
location of negligible quantities of ore and 
expenditure of over half a million dollars. 
The property was almost idle till 1944 when 
a few magnetometer surveys were carried out 
hy Messrs Koulomzine, Geoffrey, Brossard & 
Company of Valdor, Quebec^®. The first 
drilling which followed their geophysical 
work had not produced particularly en- 
couraging results, but in 1945 when the 
diamond drilling work beneath Osisko Lake 
was carried out, valuable sulphide ore bodies 
were intersected. These subsequently have 
been developed by extensive drilling, 
shafting and drifting and the later develop- 
ments have shown a reserve of over 6 
million tons of workable sulphide ores having 
1*58 per cent of copper and 0T8 oz. of gold 
per ton. 

In the Valdor area ( Quebec Province ) 
in the East Sullivan Property near Bourla- 
maque township, intensive magnetic surveys 
carried out by Dr. T, Koulomzine during 
1-940 have been responsible for successfully 
tracing the hidden contacts between the 
older greenstones and granodiorite bathy- 
liths — that is, zones which from experience 
gained in other parts were known to contain 
auriferous lodes^^. At least two previously 
unsuspected plugs of granodiorite which are 
hidden by thick glacial overburden or waters 
of the lake were discovered. The subse- 
quent drilling has disclosed important 
auriferous lodes. The East Sullivan Mines 
Ltd. are reported to have carried out over 
50,000' of diamond drilling and developed 
ore bodies which are now producing annually 
about million dollars worth of gold. 


In the Lynn Lake area in Northern 
Manitoba, the geophysical surveys are said 
to have shown some two or three hundred 
anomalies and detailed investigations are 
being carried on to assess their values^*. By 
the courtesy of Mr. J. T. Randell of the Geo- 
Technical Development Company of Valdor, 
who had conducted electrical and magnetic 
.surveys over some of the properties of the 
Sherritt Gordon Mines Ltd. and the Hododoo 
Mines Ltd. during July 1947, the author 
gathered some details of the nature of the 
geophysical investigations in that region. 
It is reported that the drilling up to the 
close of 1947 by the Sherritt Gordon Mines 
Ltd. has revealed 6*8 million tons of sulphide 
ore averaging L74 per cent nickel and 0*75 
per cent of copper. Particularly, one of the 
anomalies there has showed up nearly 2 
million tons of sulphide ore containing 3 28 
per cent nickel and L76 per cent copper. 
All recent report.s^^ show that in the Lynn 
Lake area there is going to be eventually 
a new mining district with several mines 
producing nickel and copper. 

It is remarkable that the three important 
economically workable bodies of ore dis- 
covered in recent years in Canada ( in the 
Quemont area near Noranda ; in East 
Sullivan near Valdor ; and in the Lynn 
Lake area in Manitoba ) are all directly 
attributable to the successes in the applica- 
tion of magnetic and electrical methods^^. 

Geological Studies in 

Geophysical Programmes 

Perhaps one of the notable features in the 
recent advances in geophysical exploration 
is the increasing appreciation of the impor- 
tance of geological studies. In the earlier 
stages of the development of exploration 
geophysics hopes might have been enter- 
tained that instruments and methods could 
be devised to grind out mechanically answers 
to our problems. But experience has shown 
that the mere physical measurements relative 
to the determination of the electrical, mag- 
netic or gravimetric anomalies do not have 
much meaning or significance in themselves, 
and that geophysical methods cannot offer 
any direct indications of ore or other mineral 
substances under the conditions in which 
most mineral deposits occur in nature. The 
geophysical data can assist the geologist 
and the mining engineer in their geological 
deductions in cases where there is paucity 
of outcrops for direct observation. In 
many of the geophysical papers which have 
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been published in recent years, the im- 
portance of a thorough appreciation of 
the geological factors in interpreting 
the geophysical data has been emphasized. 
A large-scale geophysical indication con- 
nected with the structures in the oil- 
field is detected by suitable technique 
and interpreted definitely. But most of the 
ore deposits form very much smaller geo- 
logical features and do not yield indications 
on a large or regional scale. The geophysical 
anomalies in the latter cases are usually of a 
localized character and are often complicated 
by a number of factors depending upon the 
local geological conditions. A proper evalua- 
tion of the geophysical anomalies can be 
made only if the geological probabilities 
are properly appreciated and well under- 
stood. This naturally calls in for a great 
deal of attention to geology. Dr. C. A. 
Heiland and Wantland in one of their 
papers have remarked that “ it is regrettable 
that the word ( Geophysics ) is not long 
enough to get a little more of geology into 
it”^^. Let me cite one very interesting 
account by E. Poldini who has detailed some 
considerations relative to geophysical inter- 
pretation^*. A problem in electrical pros- 
pecting solvable graphically was submitted 
to seven persons — geophysicists, geologists, 
engineers and technicians — in order to 
determine the extent to which a subter- 
ranean topography or relief could be recons- 
tructed on the basis of electrical measure- 
ments. Each person was given only a 
blank sheet with values of apparent 
resistivity over a net-work of stations. The 
invitation was to draw the corresponding 
contour lines of equal resistivity and to give 
a geological interpretation. The seven con- 
tour maps offered as solutions and a map 
of the true relief when compared are reported 
to have shown that three maps drawn 
by competent geologists approached the 
correct solution closely whereas the other 
maps drawn by engineers, technicians and 
one geologist deviated from it widely. 

Conclusion 

The foregoing account of the recent pro- 
gress in exploration geophysics is by no 
means exhaustive, and it should be men- 
tioned that there has been a geo-chemical 
approach to many prospecting programmes, 
especially in the search for ores. This 
method perhaps began about the year 1937 
in Europe taking into account the enrich- 
ments denoting concentrations of some of 


the trace elements in topmost layers of soils 
by processes of evaporation and filtration 
incidental to the growth of plants. The 
geo-chemical unit of the U.S. Geological 
Survey, under Mr. Hawkes, has made many 
extensive tests and experiments to ascertain 
the possibilities for conducting field analyses 
of water, plants, residual and alluvial soil 
and glacial till. Their results have shown 
that with simple equipment many useful 
analyses may be made to assist in the search 
for ore deposits. 

From the increasing volume of hterature 
which is being published, it is c;*ear that 
numerous geophysical and allied methods 
are extensively used in many countries — in 
Europe, Australia and Africa. Improved 
designs of geophysical potentiometers, meg- 
ger earth testers, magnetometers and seismo- 
graphs have been put on the market in 
England. . There has been considerable pro- 
gress in Sweden too — one of the countries 
which was the earliest to use geophysical 
methods. Special types of portable seismic 
equipment and the “ Norgaard Gravimeters " 
have been designed by the Electrical Pros- 
pecting Company of Stockholm, Sweden. The 
electromagnetic ‘‘ Loop-Frame ” and the 
“ Boliden " gravimeters developed by the 
Boliden Mining Company of Sweden have 
been used in Europe. These notable devel- 
opments have contributed to bring in a 
greater aj)preciation of the usefulness of the 
geophysical methods. 

In Asia the progress in the application of 
geopliysics has not been anything comparable 
to that achieved even in Australia or Africa. 
There is a vast scope for geophysical explora- 
tion in many parts of Asia. Private capital 
seems particularly shy to come forward to 
sponsor any important schemes for geo- 
physical exploration. The Burmah Oil Com- 
pany and the Anglo-lranian Oil Company 
are the only private organizations who are 
spon.soring geophysical surveys in India, 
Pakistan and Burma. Much of the initia- 
tive for further progress, at any rate, for 
some time to come will be the responsibility 
of Government departments. 
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Chemical Control for Power 
Alcohol Distilleries — a Scheme 


G. GUNDURAO 

Daurala Distillery & Chemical Works, Daurala 


O NE of the urgent needs of the power 
alcohol industry is to maximize the 
output and bring down the cost of 
production of power alcohol. This 
can be realized only if the control methods 
are all standardized and brought under an 
unified scheme. Among the different items 
making up the cost of power alcohol, viz. 
the expenses of raw materials, steam, labour, 
maintenance of machinery, overhead charges, 
depreciation, etc., ojily the first two items 
come under the scope of technical control. 
A strict control of the processes leads to the 
highest possible recovery of alcohol from a 
raw material like molasses. Similarly, a 
careful accounting of the heat balance in the 
distillation plant leads to a saving of fuel 
for the boilers. 

A standardized system to achieve this 
two-fold control is parHcularly lacking in 
the alcohol industry. , We have, in the sugar 
industry, a perfect systi||;i of chemical control 
and a uniform scheme for reporting factory 
data, although on the side of steam economy, 
much is stiQ desired. It is desirable that 
on the same lines as in the sugar industry, 
a scheme for chemical control is worked 
out for power alcohol also. 

The present article deals with a proposed 
system of chemical control in the distillery 


and a uniform method for reporting factory 
data. 

Any system of chemical control has a 
threefold objective : 

(1) To collect working figures and data at 
every step of the manufacturing process 
with a view to exercise efficient control of 
this step. 

(2) To provide accurate figures for pre- 
paring periodical run reports. 

(3) To provide a uniform basis for all 
factories in the industry for mutual exchange 
and comparison of data and efficiency 
figures. 

Having the above objectives in view, the 
present scheme gives precise definitions for 
all the technical terms and expressions that 
are proposed to be used in the power alcohol 
industry. While formulating such defini- 
tions, importance is given more to the preci- 
sion and clarity than to agreement with the 
correct scientific meanings. For instance, 
it is sufficient for the purpose of chemical 
control tor define the strength of absolute 
alcohol as 99*5 per cent and above, as has 
been done in the pharmaceutical industry, 
although the rigorous scientific definition 
applies only to 100 per cent alcohol. In a 
similar manner we want only workable and 
precise definitions for the terms '‘sugars", 
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fermentable sugars and so on. The 
next requirement is to work out expressions 
and control formulae. In the case of the 
power alcohol industry it has been found 
necessary to define the units on which such 
expressions are based. In the parallel case 
of sugar manufacture, sugar is present as 
such in the raw material — cane or beet. 
Therefore, it provides an easy basis for 
expressing the quantities as percentages of 
the raw material. However, as alcohol is 
manufactured from the sugars in the raw 
material, a simple percentage basis is not 
very convenient to have. According to 
usage, “ recovery. ", for instance, has to be 
expressed in imperial gallons per maund 
or ton of raw material. Difference of 
opinion is bound to arise when taking the 
basis of any such system of control. Simi- 
larly, there is a pronounced divergence of 
views on the point of adopting imperial 
gallon or the London proof gallon as the 
unit for measuring quantities of spirit. 

In the system to be described herein, 
preference has been given to usage in the 
trade rather than to what may be a strictly 
scientific procedure. The Bengal maund 
has been taken as the unit of weight, and the 
London proof gallon as the unit of volume 
of spirits. 

The third requisite is a suitable pro forma 
for the periodical run reports which could 
be recommended uniformly for the factories. 
This has been proposed with a view to 
making it as general as possible, but, when- 
ever it is adopted in any particular factory, 
certain items, which are necessary for the 
special working conditions there, have to be 
added. 

While reporting the time account, it is de- 
sirable to differentiate stoppages of process 
which have unavoidably taken place from 
those stoppages which could have been 
prevented in the normal course. 

General Definitions 

1. Molasses — The mother liquor separated 
from sugar crystals and sent to the 
distillery for use as raw material for 
processing and producing alcohol. 

2. Sugars — The total of the mono and 
polysaccharides in a product capable 
of reducing alkaline Fehling's solution 
and expressed as " invert sugar ". 

3. Unfermentable sugars — Sugars remain- 
ing over after the fermentation of a 
product by a pure yeast culture under 
optimum conditions. 


POWER ALCOHOL DISTILLERIES 

4. Fermentable sugars — " Sugars " Un- 
fermentable sugars ". 

5. Brix — Density of a product expressed 
on Brix densimetric scale and taken as 
percentage of solid matter present in the 
product. 

6. Alcohol — The pure chemical known as 
ethyl alcohol or ethanol and represented 
by the formula CgHgO. 

7. Spirit — A mixture of alcohol with water 
in any proportion. 

8. Proof spirit — Such spirit as wc uld weigh 
at 5UF. 12 to 13 times an eqr il volume 
of pure water also at 5 FT. 

9. Degrees over-proof [O.P. )-~--The number 
of degrees over-proof of any spirit is the 
excess number of volumes >f proof 
spirit which can be obtained by diluting 
100 volumes of the spirit. Alcohol is 
" 75*35° O.P." 

10. Degrees under-proof ( U.P.) — The number 
of degrees under-proof of any spirit is the 
difference between 100 and the number 
of volumes of proof spirit contained in 
100 volumes of the spirit. 

1 1 . Degree gravity — The degree gravity of 
any product expresses the density by 
taking the first three deeimal figures of 
its specific gravity. 

12. Wort — The solution of molasses pre- 
pared for alcoholic fermentation. 

13. " Pitch " or " Bub " is the yeast slurry 
obtained from " wort " or otherwise for 
inoculating the main fermentation vats. 

14. Wash — The solution of molasses in any 
stage of alcoholic fermentation. 

15. Sludge — Sediment obtained from the 
bottom of fermentation vats. 

1 6. spent wash — The waste effluent from 
the bottom of wash distillation column. 

17. Spent lees — The waste effluent from the 
exhausting section of the alcohol con- 
centrating column. 

18. Rectified spirit — The concentrated alco- 
hol drawn from the rectification column. 

19. Dehydrated alcohol — The product ob- 
tained by further elimination of water 
from the alcohol-water azeotrope. 

20. Absolute alcohol kny spirit containing 
99*5 per cent or more of alcohol by 
volume. 

21. Denatured spirit — Any spirit rendered 
unfit for potable purposes by the addition 
of such substances, and in such propor- 
tion, as may be prescribed statutarily. 

22. Degrees attenuation — Fall in the degrees 
gravity between two stages of alcoholic 
fermentation. 
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23. Conversion factor — Designated by the 
symbol *'/" is the maximum weight of 
alcohol obtainable by the fermentation 
of one unit weight of fermentable sugars. 
‘7^^ == 0*5111 X 0*9459 0*4845. 

Technical Terms & Control Formulae 

Direct Determinations — The following 
quantities are determined directly by labo- 
ratory methods : 

1. Brix molasses — By the use of “ Brix 
spindle or any other densimetric 
device. Brix molasses is taken as the 
per cent weight of solid matter in 
molasses. 

2. Sugars per cent molasses — By inverting 
a composite sample and determining the 
reducing sugars by the usual Fehling’s 
method. The result is expressed as 
“ invert sugar 

3. Unfermentable sugars per cent molasses — 
By fermenting a sample of molasses with 
an approved culture pf pure yeast and 
determining the unfermented sugar by 
the usual Fehling’s method. 

4. Fermentable sugars per cent molasses — 
The difference between (2) and (3) will 
give fermentable sugars per cent 
molasses, and is checked approximate- 
ly by the distilled alcohol during this 
estimation. 

5. Gravity wort ( initial ) — By a hydro- 
meter or any other suitable densimetric 
device. The net initial gravity of the 
wort, in any set-up, is obtained by 
correcting for the effect of “ pitching ”. 

The corrected initial gravity is used in 
all calculations for purposes of high 
accuracy. 

5a. Brix wort ” can be found by reference 
to Brix and specific gravity tables. 

6. Sugars per cent wort — By inverting a 
composite sample and determining the 
reducing sugars by the usual Fehling’s 
method. The result is expressed as 
invert sugar. For " deduction method ” 
for sugar per cent wort, vide Deduced 
Expressions III ”. 

7. Gravity wash ( ) — ^By hydrometer 

or any other .j^toble densimetric 
device. 

7a. “ Brix wash ” can be found by reference 
to Brix and specific gravity tables. 

S. Residual sugar per cent wash ( sugar 
per cent wash ) — By determining the 
reducing sugars by the usual Fehling’s 
method. The result is expressed as 
invert sugar. 


9. Alcohol per cent wash ( by vol. ) — By 
laboratory distillation of a composite 
sample of wash. 

10. Gravity spent w’ash — Vide No. 7. 

11. Alcohol per cent spent ivash { by vol. ) — 
By single or multiple distillation of a 
composite sample and determining alco- 
hol by densimeter or chemical analysis. 

12. Alcohol per cent spent lees ( by vol. ) — 
Vide No. 11. 

13. Alcohol per cent rectified spirit ( by vol. ) — 
A hydrometer or any other densimetric 
device. The strength is also expressed 
in proof degrees. 

14. Alcohol per cent dehydrated alcohol ( by 
vol. ) — Vide No. 13. 

15. Alcohol per cent any spirit ( by vol. ) — 
Vide No. 13. 

The following quantities are determined 

from direct measurements or are calculated : 

16. Molasses processed ( Number of maunds 
of molasses diluted and converted into 
wort ) — By weighing or determining 
the volume. 

The following expression can be employed 

for the indirect method of calculating the 

molasses ])rocessed : 

Wort made ( gal. ) x 10 x sp. gr. Molasses % wort 
82-17 ■ ^ 100 " 

17. Distilled imsh — in gal. 

18. Sludge per cent wash — in gal. 

19. Pitch ratio is the proportion of molasses 
used in preparing the pitch to the 
molasses processed. 

20. Spent wash can be calculated sufficiently 
approximately by the relation : wash 
4- steam = spentwash + equilibrium 
vapour = wash steam — etjuilibrium 
vapour. The steam admitted to the 
stripping column can be assumed as a 
constant figure per unit volume of 
spirit made. 

The composition of equilibrium vapour 
and hence the quantity can be found by 
reference to standard tables giving the 
vapour compositions corresponding to 
the alcohol concentrations in the wash. 

21. Spent lees — Either by direct measure- 
ment or from the composition of the 
equilibrium vapour and the quantity of 
spirit drawn as product. 

22. Spirits ma'de are measured by the stan- 
dard methods of taking the dip readings 
in calibrated receiving tanks. 

23. Proof strength of spirit — By the stan- 
dard Sike’s hydrometer. 

24. Alcohol made, in gal., from 22 and 23. 
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Deduced Expressions 

Note : The numerals within brackets indicate the 
“ Direct Determination 

The following quantities and expres- 
sions are deduced from Definitions ” and 
“ Terms " : 

I . Possible recovery — ( The number of gal. 
of spirit available from the fermen- 
tation of one maund of raw material 
under optimum conditions ) — fer- 
mentable sugars per cent molasses 
(4) X 0-08792. 

TT. Molasses per cent wort 
__ Brix wort (5a) ^ 

Brix molasses (i j ' 


III. 


Sugars per cent wort (6) = Sugars per 
cent molasses (2) x molasses per cent 
wort (TI) — 100 


“^Sugars molasses (2) x 


Brix wort (5a) 
Brix molasses (1) 


This formula may be used for the deduc- 
tion of sugars per cent wort as an alter- 
native to the direct determination (6). 


IV. 


Permentahlc sugar _ per cent ivort 
~r Fermentable sugars 


molasses (4) x 


Brix wort (5a) 
Brix molasses (D 


W Fermentation recovery 

Alcohol % wash (9) 

Possible recovery (I). 

\ I. Fermentation efficiency 

Fermentation recovery V jqq 

Possii)ie recovery (1) 

When the “sludge" in fermentation vats 
are wasted, we have the following expres- 
sions — \T1 and VTTI. 


X. Overall recovery — (The number of 
gal. of spirit recovered in the distilled 
products per maund of mola.sses ). 

XT. Overall efficiency 

__ Overall recovery (X) 

Possible recovery (I) ' 


Loss Account 

The difference between the “ possible 
recovery " and the “ overall recovery " 
represents the “ overall loss 

On the analogy of the methofts of sugar 
industry it is possible to accou it for this 
“ overall loss " under different heads. The 
loss in a distillery occurs in the following 
ways : 

1. Sludge loss — No. of gal. lost per maund 
of molasses processed in the sludge from 
the bottom of the fermentation vats. 

2. Spent wash loss — No. of gal. lost per 
maund of molasses processed in the 
spent wash. 

3. Spent lees loss — No. of gal. lost per 
maund of molasses processed in the 
spent lees. 

4. Undetermined loss — T^ue to evaporation 
from the fermenters, consumption of 
sugars for the building of yeast cells, 
side reaction, production of by-products 
like fusel oil and acetic acid, evapo- 
ration from hot condensers, leaks and 
spillage. 

It is desirable for every distillery to 
pre|)are a Joss account under the above four 
items. Item Nos. J, 2 and 3 can be calcu- 
lated, and item No. 4 can be found by 
difference. 


PERIODICAL REPORT 


Name (\f distillcrv Period . . 

Process used Date. 


VII. Fermentation house recovery 
— Fermentation 

recovery, (V) ( ) 

Vm. Fermentation house efficiency 

Fermentation house recovery (VII) ^ 

Possible recovery (I) 

IX. Distillation house efficiency — (Alcohol 
distilled per cent alcohol present in 
wash ) 

Alcoh ol made (24) 

Distilled wash (17) X Alcohol wash (9) 


(a) TIME ACCOUNT 

Month Date 

1. No. of peri(j(l hours 

2. No. of available hours 

3. No. of run hours 

4. Output per 24 period hours 

5. Output per 24 available 

hours 

6. Output per 24 run hours 
Note : 

(1) Period hours are total hours in the period. 

(2) Available hours are period hours less stoppages 
due to causes beyond control like molasses and 
fuel shortage and full warehouse. 

(3) Run hours are available hours less stoppages 
within control like cleaning, repairs, and water, 
steam and power failure. 
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(b) QUANTITIES CONSUMED 

Month Date 

1 . Molasses ( maunds ) 

2. Ammonium 

sulphate 

3. Sulphuric acid 

4. Phosphate 

5. Benzene (gal.) 

6. Coal ( maunds ) 

(c) PRODUCTS — 

QUANTITIES MADE 

Direct 

1. Wash (gal.) 

2. Absolute alcohol 

3. Other spirits 

4. Fusel oil ( lb.) 

Indirect 

1. Power alcohol (gal.) 

2. Denatured spirit 

3. Any other spirit 

(d) ANALYSIS ' 

1. Brix molas.ses 

2. Sugar % molasses 

3. Fermentable sugar % 

molasses 

4. Gravity wort ( corr. 

initial ) 

5. Gravity wash { final ) 

6. ( Residual ) Sugar wash 

( final ) 

7. Alcohol % wash ( by vol.) 

. 8. Alcohol % spent wash 

( by vol.) 


Month Date 

9. Alcohol % spent lees 

( by vol.) 

10. Strength of absolute 

alcohol, O.P. 

11. Strength of other spirits, 

O.P. or U.P. 


(e) EFFICIENCY FIGURES 

1. Possible recovery ( gal.) 

2. Fermentation house 
recovery ( per maund 

molasses ) 

3. Overall recovery (per 

maund molasses ) 

4. Losses ( gal. per maund of 

molasses ) 

Sludge 
Spent wash 
Spent lees 
Undetermined 
Total 

5. Fermentation efficiency % 

6. Distillation efficiency % 

7. Overall efficiency % 


(f) PROPORTIONS 

1. Ammonium sulphate 

( % molasses ) 

2. Sulphuric acid ,, 

3. Phosphates 

4. Benzene ( gal. /1, 000 

gal. abs. alcohol ) 

5. Coal ( md./gal. alcohol ) 


Patent Rights & Co-operative Research 


CO-OPERATION BETWEEN INDUSTRY AND 
public-financed research institutions is a 
matter of vital importance for the further- 
ance of research effort. There is scope for 
greater financial support by industry in the 
promotion of research at such institutions. 
The assistance need not arise out of philan- 
thropic considerations alone and may be 
quite in keeping with the fundamental basis 
of industry which is to make profit. 

A mutually satisfactory arrangement con- 
sists in the exchange of patent rights for 
financial aid from industry. There are many 
fields of research which are likely to yield 
results having a high degree of patentability 


and a reasonable chance of profit. Interest- 
ed industries may give direct financial 
support to such research in universities and 
like institutions in return for exclusive 
patent rights to the results of investigations. 
The exchange of patent rights for financial 
aid provides a flexible arrangement as the 
details can be varied to suit each case. 

The suggested ^arrangement would leave 
the universities and research institutions to 
concentrate on research and training, while 
industry may look to the business of 
obtaining, . developing and exploiting the 
patents. 


R. B. P. 



“The Blending of Coals for Coking”* 


T he manufacture of coke is of basic 
importance to the production of iron 
and steel, and, for this reason alone, 
it has a special claim to consideration 
in schemes for the industrial development of 
any country. It is well known that, al- 
though India has large supplies of iron ore of 
excellent quality, the reserves of good coking 
coal are limited ; and it is, therefore, natural 
that attention has been focussed on the prob- 
lem of stretching our coal reserves for coking 
purposes. 

Towards the end of 1940, a scheme for re- 
search on the blending and coking of coals 
was initiated by the Board of Scientific & 
Industrial Research under the joint auspices 
of the Government of India and of the Tata 
Iron & Steel Co. Ltd., Jamshedpur. The 
chief object of the work was to investigate 
the blending of non-coking coals or feebly 
coking coals " with good coking coals in order 
to manufacture from the blend sound metal- 
lurgical coke. The work was undertaken 
in the interest of the conservation of the 
resources of the best coking coal. 

Quality of Coke 

The chief desiderata in coke arc purity, 
cohesion, size and uniform structure. These 
are governed mainly by the quality of coal 
charged into the oven but also by the bulk 
density of the charge, the temperature, rate 
of heating and duration of carbonization, the 
size and shape of the oven, the degree of grind- 
ing and thoroughness of mixing of the charge, 
its sulphur and moisture content, etc. 

Regarding the special requirements of 
blast-furnace coke, uniformity is of great 
importance. Present variations in the phy- 
sical and chemical properties of coke supplied 
to the furnaces in India arc, broadly speak- 
ing, too great to permit of high efficiency in 
the furnace operations. This is partly true 
of the ash content of the coke which varies 
with the ash content of the coal supplied to 
the ovens. Uniformity requirements may 
indeed necessitate extensive washing of the 
coal supplies in the future in order to pro- 
duce a practically uniform ash content. 

Resistance to shattering and to abradab- 
ility of the coke is also lowered by irregular 


distribution of ash ; and as strength, cohe- 
sion and size are to a degree inter-dependent 
and are of importance in furnace operations, 
it may be necessary to pay attention to the 
preparation of the coal before charging it 
into the ovens. 

Testing of Coal & Coke 

The samples investigated were obtained 
from State Railways Coal Department and 
also through the agency of Tatas Coal S' 
Prospecting Departments. Standard analyti- 
cal tests were carried out including proxi- 
mate analysis, determination of phosphorus 
and sulphur contents, caking index by Gray- 
Campredon method, swelling properties by 
Koppers and Nedelmann’s apparatus and 
fusion range of ash. In addition, screen 
analysis, complete analysis of ash, determina- 
tion of calorific value and softening point of 
coal were carried out in certain cases. 

Laboratory blending tests were carried 
out as follows : 

First, coals of possibly harmful swelling 
properties were blended with various other 
coking coals to study the effect of blending 
on the swelling characteristics. 

Secondly, blends with normal coking coals, 
having a caking index of 15 (and above), 
were made with the following : 

(1) semi-coking coals of Gray-Campredon 
caking index 8 to 12 ; 

(2) poor coking coals ( caking index below 
8 ) ; and 

(3) non-coking coals, yielding non-co- 
herent coke buttons. 

Among the good coking coals employed 
were : 

(a) the usual mixture used in Tata’s coke 
ovens, which is a blend in varying propor- 
tions of a group of low and medium volatile 
coking coals, almost entirely from the 
Jharia field ; 

(b) low volatile, good coking coals from 
the Jharia coalfield, such as Sijua 12 seam 
or 12, 13, 14 and 15 mixed seams, etc. ; 

(c) medium volatile, good coking coals 
such as Laikdih Deep, Laikdih seam, from 
the Raniganj field ; 

(d) high volatile, good to fair coking coals 
such as Murulidih, Mohuda Bottom seam, as 


^Report No. 2. Fuel Research Committee ( B.S.I.K. ), 1948. Price Rs. 10. 
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well as some from the Raniganj field. A 
great variety of other coals from Jamadoba, 
Malkera, Choitodih, Digwadih, Bhatdee, 
Chanch and West Bokaro collieries were 
also used at the ealier stages. 

Following the above laboratory work, 
semi-large-scale coking tests in specially 
designed electric ( Swoboda ) and/or gas- 
fired ( Russell ) pilot ovens were carried out 
to check the laboratory results. 

Finally, full-scale tests in Tata’s Simon- 
Carves coke ovens were conducted for 
confirmation of the results of the semi- 
large-scale work. 

The blends for semi-large-scale and large- 
scale tests were submitted to proximate 
analysis and to tests for bulk density of the 
charge. The resulting coke was submitted 
to : (1) proximate analysis ; (2) screen ana- 
lysis ; and (3) physical tests for shatter index, 
Breslau’s abrasion, H^iven’s stability and 
porosity tests. 

Under the head “ Swelling Properties of 
Coal ”, the samples were classified after testing 
under three heads : (1) harmful ; (2) doubtful ; 
and (3) harmless. . Typical curves obtained 
by the determinations carried out with the 
Koppers apparatus are given to characterize 
the three classes. According to Nedelmann’s 
apparatus, dry coal ( dried at lOS^'C. ) having 
a bulk density of 51 lb. per cu. ft., a pressure 
of more than 14*22 Ib./sq. in. developed 
during the tests is considered as ” dangerous ”. 
For moist coal ( 10 per cent moisture ) having 
a bulk density of 52*2 lb. per cu. ft., a pressure 
of more than 7*11 Ib./sq. in. is considered 
the danger limit. If the pressure is below 
these limits, the coal is still regarded as 
” dangerous ” if the shrinkage is low ( less 
than 3 per cent ). 

Pilot-plant T ests — The coals were crushed 
in a William’s patent pulverizer and crusher 
to a size conforming to the size and gradation 
obtained in actual coke oven practice ( 80 
per cent through Y ). ^ The requisite pro- 
portions of crushed samples were subsequent- 
ly mixed in an electrically driven mixer pan. 

The pilot ovens employed for these tests 
were the Swoboda electric oven and the 
Russell gas-fired oven. The only difference 
in the oven practice is that in the case of the 
latter the coke mass is raked out from the 
chamber and quenched manually. 

The coke obtained from the large-scale 
tests \yas subjected to screening to get the 
yield of commercial blast-furnace coke in 
different sizes as also 'tho.se of nut coke, 
pearl coke and coke-breeze separately. 
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The following tests were conducted on the 
coke samples : (1) shatter index test on 

sizes over T ; (2) Breslau’s abrasion test 
(hardness) on sizes over 2"; (3) Haven’s 
stability test on sizes between 2" and 3" ; 
(4) porosity - ( including apparent specific 
gravity, real specific gravity and percentage 
porosity ). 

Large-scale Tests 

Full oven tests were conducted in one of 
the coke ovens of the Tata’s at Jamshedpur. 
The Simon-Carves Battery No. 3 of the 
” Under jet ” compound regenerative type 
with twin-flue system of vertical heating 
was employed. 

Conclusions — The general conclusions 
arrived at on the coking characteristics of 
various Indian coals are as follows : 

1. Caking Index ( Agglutinating Value) - 

Based on the experience gained from steel 
works practice it is considered that coals 
and blends with a minimum caking index 
value of 13 to 15 are suitable for producing 
satisfactory cokes. 

2. Moisture Content — The tests on coals 
from Raniganj area. Central Provinces, 
Hyderabad and Assam showed that high 
natural moisture is associated with non- 
coking or poor coking properties. 

3. Swelling Properties — There are hardly 
any coals in India which have to be classified 
in the category of harmful swelling coals. 
Furthermore, the addition of 5 to 10 per cent 
of other good coking coals of harmless swell- 
ing properties has been found to off-set the 
swelling tendencies of ” possibly ” danger- 
ous coals as indicated by Koppers apparatus. 

Blending Possibilities — Laboratory tests 
have demonstrated the blending possibilities 
of low grade coals to the following extent in 
admixture with good coking coals : 

(i) 30 to 40 per cent for fair coking coals 
(caking index 13 to 14); 

(ii) 20 to 30 per cent for semi-coking coals 
( caking index 8 to 12 ) ; and 

(iii) 10 to 20 per cent for poor or non- 
coking coals ( caking index below 8 ). 

The above conclusions are valuable ; they 
indicate a definite extension of lease of life 
for the coking coal reserves of the country. 
But there are also other valuable results such 
as the proof of the good coking properties of 
Begonia seam and of the blends with Disher- 
garh seam coals. 

Neglecting the poor coking coals with a 
caking index below 8, it is observed that an 
average of 25 per cent of semi-coking coal 
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and 35 per cent of fair coking coal can be 
used in blends with good coking coal. The 
proportions are restricted because the Indian 
coals contain a large amount of ” durain ”, 
which is basically a non-swelling and non- 
agglomerating constituent. Durains if inter- 
leaved with “ brights ” { Clarain ) can give 
good coke. If a seam consists of alternating 
bands of layers of durain and ” brights ”, 
it may give a sound metallurgical coke. 
This type of coal predominates in the Jharia 
coalfield. 

The volatile matter content of the blend, 
it is suggested, should be kept sufficiently 
low in order that after carbonization the ash 
content in the resulting coke is low, the fixed 
carbon in the coke is sufficiently high, and 
excessive shrinkage is avoided. 

In general, it has been found that higher 
the proportion of non-coking or feebly coking 
coals added to a good coking coal, the woaker 
is the coke produced. 

Possibilities of Coals from 

Dififerent Sources 

Jharia Coalfield Seams Below Seam 10 — 
The high ash content of these good to fair 
coking coals precludes their immediate 
utilization for coke manufacture unless they 
are used in blends with other good coking 
coals of sufficiently low ash. These high 
ash, good coking coals, therefore, along 
with several others of the semi-coking type, 
should he icashed to reduce their ash content 
and thus render them suitable for coking 
industry. 

Raniganj Coals — Dishergarh and Poniati 
.seam coals, because of their better caking 
characteristics, seem to be usable in high 
proportions for the production of metal- 
lurgical coke. The behaviour of these coals 
will be examined further in semi-large-scale 
and full-oven tests. 

The satisfactory utilization of the Begonia 
.seam coal by itself, and of the Sanctoria 
seam to the extent of a 30 per cent blend 
with normal coke-oven coal mixture has been 
confirmed by full-oven tests. 


The Begonia and Dishergarh coals are 
essentially bright coals, containing less 
durain than the coking coals of Jharia and 
are by themselves fairly good coking coals. 

Central Provinces Coals — Of the coals so 
far tested, those from Hirdagarh, Kalichha- 
per, Damua and Rakhikol collieries seem to 
have moderate coking properties. 

Assam Coals — Except for their excessive 
sulphur contents, Assam coals are often of 
good coking quality and have very little ash. 
High sulphur content, however, would seem 
to preclude their utilization for metallurgical 
purposes. A commercial proce.s.s ls required 
whereby the sulphur content is reduced 
appreciably, and the sulphur recovered if 
possible. 

Use of Coke-breeze in Blends — Ihe use of 
coke-breeze along with coking coals has not 
given promising results. Experimental work 
has revealed that its utilization to a limited 
extent of 2 per cent or so is pos.sible only by 
fine grinding and by thorough mixing with 
the blend. Such a treatment in practice is 
both difficult and exi)ensive. 

Future Problems 

'I'he report points out that with regard to 
future work of the Coal Blending (S' Coking 
Research Sub-Committee , several full-scale 
verification tests have yet to be carried 
out on cocils already tested on a smaller 
scale, rhe research programme envisaged 
for the future comprises : 

(1) the study of the effect of variables 
such as oven width, temperature, and rate 
of heating and grain size of coals ; 

(2) assessing swelling and coking j^roperties 
of coals in a more thorough and quantitative 
manner ; 

(3) standardization of analytical and test- 
ing procedure by carrying out tests with 
coal of known swelling and coking properties 
procured from abroad ; 

(4) investigation of special carbonization 
processes using blends of non-coking or poor 
coking coals in admixture with coal-tar or 
pitch. 



Famous Inventions: 
Bleaching Powder 


T he present year marks the one 
hundred and fiftieth anniversary of 
the first manufacture of bleaching 
powder by Charles Tennant of 
Glasgow. This invention, patented in 1799, 
was the culmination of a number of dis- 
coveries dating back to 1773, in which year 
chlorine was discovered by Scheele. About 
a decade after Scheele's discovery, Berthollet 
first recorded the effect of the gas in bleaching 
the natural colour of linen. It was first 
applied to bleaching on a large scale by 
Berthollet himself in 1787. At this period 
the bleacher made his own chlorine and 
exposed the fabrics to the action of the gas 
in chambers or steeped them in its aqueous 
solution. The process was inconvenient 
and dangerous to the health of the workers. 
Considerable improvement was effected some 
years later by the introduction of “ eau de 
Javelle made by passing chlorine into 
sodium or potassium carbonate solution. 

The next step was the preparation of a 
bleaching liquor by the 
passing of chlorine 
into a well-agitated 
mixture of lime and 
water. This process 
was patented by 
Charles Tennant in 
1798. A number of 
Lancashire bleachers 
made use of the pro- 
cess without acknowb 
edgement, and an 
action was brought 
against them by Ten- 
nant for infringement 
of his patent rights 
(Tennant vs. Slater). 

Tennant’s suit was 
dismissed on the 
ground that the 
process had already 
been used by other 
persons prior to the 
date of Tennant’s 
patent and that Ten- 
nant was not the true 
and first inventor of 
the process. 


In 1799 Tennant followed up with his fa- 
mous patent (No. 2312) for the manufacture 
of bleaching powder by the action of 
chlorine on slaked lime. He was the first to 
supply the bleacher with a reagent in the 
solid form, which contained up to one- 
third of its weight of available chlorine. 
Tennant’s invention finally sealed the fate 
of the old bleaching process involving six 
to eight weeks of exposure of the material 
to be bleached to light, air and moisture. 
The open fields which were needed to spread 
the cloth for bleaching under the old process 
could thenceforward be utilized for other 
purposes. 

Tennant’s invention has given the world 
not merely an effective bleaching agent, 
but also a sanitary reagent of considerable 
importance and a substance with numerous 
other uses, for instance, in the manufacture 
of chloroform and the refining of petroleum 
oil. It is, in particular, an excellent subs- 
tance for disinfecting water and even though 
it is often disliked and 
cursed for its chlorine- 
smell, it saves thou- 
sands of lives from 
infection by germs 
of typhoid and other 
deadly diseases. 

Many attempts 
have been made to re- 
place bleaching pow- 
der. This is possible 
where cheap electrical 
power is available for 
the manufacture of so- 
d i u m hypochlorite 
from common salt. 
Another competitor 
of bleaching powder 
is liquid chlorine 
which can replace 
bleaching powder in 
many respects. The 
world output of the 
latter, however, still 
reaches many hun- 
dreds of thousands of 
tons yearly. 

R, B, Pai 



A MODERN BLEACHING POWDER PLANT AT THE MeTTUR 

.Chemical <fe Industrial Corporation Ltd, 


REVIEWS 


American Chemical Industry — The 
Merger Era, by Williams Haynes 
( D. Van Nostrand Co. Inc., New York ; 
Macmillan & Co. Ltd., London ), 1947, 

Vol. IV, pp. xli + 638. Price $10.00 or 
55.S. net. 

The volume under review records the 
growth of the American chemical industry 
during the period 1923-29. This period 
is sandwiched between two marked events 
in the economic history of the U.S.A. — the 
slump that had begun at the end of World 
War I and the financial crash of 1929. The 
Tariff Law was passed in 1922 and the effi-( t 
of this upon general business was so electric 
that the period 1923-29 has been termed 
“ The Booming Twenties 
It was in these Booming Twenties that the 
American chemical industry also underwent 
a complete metamorphosis. Helped by an 
enormous domestic market and abundant 
raw materials, the growth of the chemical 
industry was autocatalytic. The old rule- 
of-thumb methods were replaced by scienti- 
fically planned and tested ones. “ Tanners, 
soap-boilers, paint-mixers, glassmakers — 
all became more chemically minded." 
“ Urge to greater profits inspired numberless 
organized costly researches which brought 
to the market a multitude of cheaper and 
better products." It was a competitive 
era ; “ competition was keen in the labora- 
tories, the plants and the sales offices. It 
was the triple threat competition in which 
revised processes, new products and lower 
costs took turns in setting the pace of 
progress." 

The intensity of competition throughout 
the chemical world created an atmosphere 
leading to amalgamations of smaller 
manufacturing units into larger ones. The 
pattern of these, however, varied from 
country to country. “ Rigidly restricted by 
the anti-trust laws and liable at any time 
to be investigated by the Federal Trade 
Commission, American industries were un- 
able to combine in the cartels and trusts 
typical of the movement in Europe." The 
consolidations called “ mergers " by the 
author had. therefore, to be different. “ Un- 
derlying the whole merger movement in the 


chemical industry was a resilient chemical 
philo.sophy. Almost without exception the 
mergers, big and little, were based on the 
principle of diversification buttressed by 
chemical logic. Legal restri('tions kept all 
producers of fine chemicals or alkalies or 
dyes from uniting into a single tr^st. But 
technological restrictions curbed a swing to 
the opposite extreme of gathering together 
a heterogeneous group of non-relatcd chemical 
enterprises." Thus the mergers were a 
balance between diversification and unifica- 
tion. They were guided more by technical 
and economic advantages of large-scale 
operations, of the mass production of a single 
or inter-related chemicals and of the utiliza- 
tion of by-products rather than by the 
commercial advantages of handling a more 
complete line of chemicals. 

With the above as the background and 
based on information and data contained in 
the contemporary technical and commercial 
journals, the author has written this, the 
4th volume in the series American 
Chemical Industry, which makes a very 
delightful reading. It is not merely a col- 
lectioii of historical events and facts but a 
live running commentary on them ; “ their 
meaning in the teclmical and commercial 
development of the industry, and their 
bearing upon the contemporary economic 
and political situation 

The distinguishing feature of this histo- 
rical volume is that the narration of 
events is profusely interspersed with accounts 
of careers and achievements of several 
persons who contributed largely to the 

chemico-industrial development - chemists 

in laboratories and in plants, chemical 
engineers, economists, executives of vari- 
ous companies and committees, salesmen, 
Government officials and even politicians. 
The reader is thus constantly made aware of 
the enormous efforts, talent and co-operation 
that lay behind the successful promotion of 
numerous companies, manufacture of the 
various products and their sale. The volume 
is indeed a tribute to the scientific, 
technical and commercial genius of the 
Americans. 

The main text of the volume is divided in- 
to 5 parts which are spread over 26 chapters 
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in all. The 1st part deals with the then 
general background of the chemical industry 
and shows how the booming automobile, 
motion picture and radio industries created 
new and vast chemical demands. It gives 
very vividly the story of big mergers which 
brought into being du Pont, Allied Chemi- 
cal & Dye Corporation, Union Carbide 
Carbon Corporation, the Atlas Powder Com- 
pany, the Hercules Powder Company, Mon- 
santo Chemical Works, the American Cyanamid 
Company — names that are now household 
words. In fact, some 500 mergers were 
completed among chemical companies in 
this period. 

The 2nd and the 3rd parts deal with the 
growth of inorganic and organic chemical 
industries respectively. Part 4 is concerned 
with medicinal and other fine chemicals while 
the consuming industries such as fertilizers, 
plastics, paints, rayon and petroleum are 
considered in the 5th part. 

To a country like ours which is embarking 
on a rapid industrialization, this volume is 
a great pointer. It will enable us to weigh 
our progress in fields already established 
like the heavy chemicals, wood chemicals, 
pharmaceuticals, etc., and make us wise to 
the complexities of the industries to be 
established like those of fertilizers, rayon, 
plastics, dyes, etc. The misfortunes of 
alcohol and the plight of its legitimate 
industrial users under the American pro- 
hibition regime as related in a separate 
chapter are worth serious consideration in 
the context of this country’s prohibition 
programme. Thanks to the over-zealous 
prohibition officials, use of alcohol as a sol- 
vent and a chemical was ignored and even 
the use of denatured alcohol was restricted. 
The situation arising out of this must have 
indeed been unbearable since alcohol then 
came to be defined not as a beverage, a sol- 
vent or a chemical, but as a distillation 
of politics denatured with the unadulterated 
essence of prejudice 

The usefulness of the volume has been- 
further increased by several other featured^! 
such as a chemical chronology, 1923-29, 
profuse foot notes giving critical views of 
several authorities on points at issue, and 
49 appendices most of which give in tabular 
form statistical data on production, exports 
and imports of important chemicals and the 
rest of which are special notes contributed 
by others t>n certain topics. The volume is 
illustrated with portraits- of personalities 
th^t.made the chemical era of J 923-29. 


The book lacks nothing in its thorough- 
ness, in its printing and in its get-up. Any- 
one interested in chemical industry, be he 
a chemist or non-chemist, is assured of a 
pfeasant and fruitful reading. 

J. G. Kane 

\ 

Spectroscopy and Combustion Theory, 

by A. G. Gaydo ( Chapman & Hall Ltd., 

London ), sect id edition, 1948, pp. 

xii-f-242. Prio 25s. net. 

The applicat;^jt - spectroscopic theory 
and technique ty problems of fuel com- 
bustion has been comparatively a recent 
growth. Dr. Gaydon, an active worker in 
this field, published in 1942 a book incorpo- 
rating information then available on this 
very vital subject. The advances in this 
field of knowledge have been so quick that 
a new edition was thought imperative, and 
Dr. Gaydon, in this second edition, has 
collected as much material as was available 
up to the time of his writing. 

The book devotes 2 chapters to the 
elucidation of the fundamentals of the 
theory of atomic and molecular spectra 
which form the basis of the subject. The 
account may appear sketchy to a general 
reader, but then it could not be otherwise 
in a volume devoted chiefly to the applica- 
tions of sj>ectroscopy to the combustion 
theory. 

The chief distinction, as stated by Dr. 
Gaydon in the introduction, between com- 
bustion and ordinary chemical reaction is the 
appearance of a flame, i.e. the emission of 
light. Thus, while the chemical study 
provides knowledge of certain broad stages 
of combustion mechanism through the stable 
products, the spectral study enables inter- 
mediate processes to be observed and 
interpreted in terms of the physical radicals 
C 2 , CH, OH, CHO, etc., by their character- 
istic radiation. Dr. Gaydon deals with 
such spectral products of different flames, 
and discusses their appearance in terms of 
• the flame condition. Experimental study 
in this field has developed in a somewhat 
ad hoc manner, and the correlation of data 
to get at the central idea of the combustion 
mechanism is the author's aim in this 
treatise. 

Dr. Gaydon begins with the spectral 
radiations of elementary flames such as 
those of burning hydrogen, of hydrocarbons 
like ethylene and methane, cool flames and 
carbon monoxide flame, and then goes on 
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to explosion spectra in the internal com- 
bustion engines. The most important spec- 
trum, from the point of view of combustion 
theory, is that of hydrocarbon flames, the 
bands of which Vaidya has tentatively 
shown, to be due to CHO. Dr. Gaydon 
discusses all evidences in favour and against 
this emitter and shows "hat further crucial 
tests are necessary to co firm it. According 
to the latest informatior which the reviewer 
has in his possessioT { through private 
communication with D ^a’dya ), the prob- 
lem is nearing the pcjted solution 
consequent on the identification of the 
spectrum of deutero-acetylene. Many other 
relevant aspects, e.g. the continuous spectra, 
absorption spectra, infra-red spectra, dis- 
sociation energy, flame temperatures, after- 
burning and life-times of excited molecules, 
energy equilibrium, inorganic flames, etc., 
have been dealt with and their specific 
bearing on combustion discussed. 

There are, however, a few points on which 
some criticism may be offered. To one 
intent on grasping the ideas relating to 
combustion, the plan of division and distribu- 
tion of the subject-matter among chapters 
is not quite obvious. The logical approach 
would have been first to treat the kinds of 
flames and the techniques of excitation, 
viz. low pressure, atomic, cool flames, etc., 
followed by a discussion on the bearing of 
each type of spectrum — emission, absorp- 
tion, continuum, infra-red — on the combus- 
tion theory. Each of the flames would then 
form a complete topic in itself, and over- 
lapping and repetition in different chapters 
would be avoided. Such an arrangement is 
likely to give a more coherent picture of the 
combustion mechanism and enable the dis- 
cussion of the hydroxylation and peroxida- 
tion theories, now discussed under hydro- 
carbon flames, continuous spectrum and 
cool flames at a single concluding stage. 
Though attempts have been made to discuss 
the bearing of effective temperatures on the 
equipartition of energy in a flame in chapters 
XIV and XVI, some of the important 
quantitative results available in literature 
have not been referred to as evidence sup- 
porting the points brought out. In dis- 
) cussing the effect of transition probability 
and of collisions in determining the strength 
of emission spectra, Dr. Gaydon observes 
that a remarkable change in the relative 
intensities of the nitrogen 1st and 2nd 
positive systems in air is due to the 20 per 
cent oxygen. While this may be true, the 


available experimental data does not posi- 
tively lead to that conclusion, as traces of 
rare gases, also present in air, or their 
admixture with nitrogen have been shown 
by Johnson, and lately by Tawde and 
Patankar to cause a redistribution of inten- 
sity. Again on page 194, the role of relative 
intensities of bands in a system has been 
mentioned only briefly when the same 
could have been subjected to a more detailed 
examination. 

The few omissions or shortcomings noted 
above are not such as to mar tl'i value of 
the publication which is a new approach 
to the subject of combustion. Dr. Gaydon 
is to be congratulated on revising his first 
edition of the book by rewriting some parts 
and adding to it a substantial 50 pages or 
so of important research matter gathered 
during the intervening period of 5 years. 
The appendices at the end are particularly 
aimed at assisting an active spectroscopist. 
The book, as a whole, will appeal both to the 
general physicist and chemist, and is a 
significant contribution to the literature on 
combustion. 

N. R. T. 

Non-Ferrous Castings, by R. F. Hudson 

(Chapman & Hall Ltd., London), 1948, 

pp. ix+282-l-xxiii. Price 22s. net. 

In his preface the author states that 
the main purpose of this book is to bring the 
scientific view-point of non-ferrous metal- 
lurgical operations to the practical man in 
a language he understands and to give 
a simple outline of the modern methods 
employed. 

For a very long time the process involved 
in casting was considered to be highly 
secretive, but in recent years, with the 
advent of British Standards Specifications, 
the full particulars of the constituent metals 
are available. But, however, some knowl- 
edge is required of the mixing of metals 
and also on the correct pouring temperature. 
This information cannot be found in any 
book and one has to acquire it only through 
constant practice. If technicians connected 
with foundry could publish their experiences 
acquired through long years, it would 
contribute to the progress of this branch 
of engineering and also would be to the 
advantage of the young men entering this 
industry. 

The entire matter is presented in 9 chap- 
ters commencing with a short description- 
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of the main in-coming materials such as 
metals and fuels which the non-ferrous 
foundries are likely to handle. Moulding, 
melting and gating practice for most of the 
standard and nickel base alloys are very 
exhaustively treated and quite a good deal 
of space is devoted on this aspect by the 
author. He has also made an endeavour 
to outline a few recommended melting 
procedures which are likely to yield good 
results. 

The book ends with two appendices, one 
showing the photographs of the defects 
most commonly found in the non-ferrous 
foundry practice with likely causes and 
cures. The second appendix shows some 
photo-micrographs of the more common 
non-ferrous alloys indicating the various 
constituents and their effect on physical 
and working properties of sand, chill and 
centrifugal casting. 

In all aspects, this treatise can be said to 
have covered all modern methods which 
were employed in foundries during the war 
and there is hardly any topic which has 
escaped the attention of the author. 

This book can be used in all foundries as a 
reference book and it will be a valuable 
addition to the desk of foundry techno- 
logists as well as metallurgists. 

V. Cadambe 

Solid and Laminated Wood Bending, 

by W. C. Stevens & N. Turner ( His 

Majesty's Stationery Office, London ), 

1948, pp. viii+71. Price 5s. 

In spite of wood bending being an 
ancient art dating back to the period when 
man first learnt to make baskets and boats 
from wood, there has not been much work 
done in this field till recently. Owing to 
timber shortage, the problem of wood 
bending was taken up by the Forest Product 
Research Laboratory with which the authors 
of the book under review were associated 
for nearly 15 years. 

In this treatise the authors have pre- 
sented a very useful material scientifically 
elaborating the various processes involved 
in wood bending. To the best knowledge 
of the reviewer, this book seems to be the 
first of its kind in the field, and, therefore, 
should prove to be a valuable addition to 
the desk of all those connected with wood 
in some form or the other.* 

Thef^ are many practical suggestions 
supported by adequate theoretical investiga- 


tions for the economic use of wood for 
various purposes. The subject is treated 
systematically, the first half of the book 
dealing with solid wood bending and the 
latter half with laminated wood bending. 
It is remarkable to find that the authors 
have made a,vailable a large number of 
plates in this small treatise to illustrate the 
methods employed for accomplishing the 
many types of wood bending described in 
the body of the book. 

The chapters on laminated bending deserve 
special emphasis in that many new and 
tested processes are described which should 
be very useful to all those engaged in the 
manufacture of furniture and other allied 
industries where wood forms the basic 
material. 

V. Cadambe 

Standards For Testing Soils ( Tenta- 
tive ) ( Published by the Central Board 

of Irrigation, Simla), 1948, pp. 195-t-iv. 

Although soil has been used as a cons- 
tructional material since ])rehistoric times, 
the study of the engineering properties of 
this material had lagged behind the general 
progress in engineering science, 'fhe study 
of soil mechanics and the related physico- 
chemical properties is comparatively of 
recent years, although soil in its relationship 
to crop growth has been studied for over a 
century. 

All those engaged on research in soils as an 
engineering material would welcome the 
hoo^i Standards For Testing Soils {Tenta- 
tive ) published under the auspices of 
the Central Board of Irrigation, Simla. It 
is only fitting that the Board with its official 
status and widespread activities in the field 
of irrigation research should have taken a 
lead in bringing forth such a volume “ to 
enable full benefits to be derived from com- 
parison of results and to ensure uniformity 
of practice in research and routine work ”. 

The publication is the result of efforts 
bf a permanent Committee of the Board 
appointed in 1945 which included represen- 
tatives of the Railway Board, Roads Organi- 
zation and Army Engineering Corps. It 
would have been better if the Committee 
had also included a soil chemist who could 
have helped in the elucidation of the other 
aspects . of soil science. The book gives 
methods for testing soils as required in en- 
gineering practice only. . In a similar booklet 
issued by the States Rivers & Water Supply 
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Commission, Australia, tlie title of the 
book is Standards for Testing Soils as prac- 
tised in a Soil Mechanics Laboratory. Some 
such title would have been appropriate. 

The book has been divided up into 6 
chapters. The 1st chapter is the intro- 
duction, while the 2nd enumerates the 
various tests necessary for each of the 
following : 

1. Roads and Air-field Sub-grade. 

2. Low Cost Roads. 

3. Earth Dams. 

4. Embankments. 

5. Foundations for Bridges, lEiildings and 

Dams. 

Separate tests for routine and research 
work have been recommended for the above. 

The 3rd chapter deals with the survey- 
ing methods and methods for soil sampling. 
It would havt; been better if many of the 
details such as the survey forms, sheets 
and other information had been included 
as an appendix at the end of the book. 
The next chapter describes the preparation 
of samples for different tests while the 
last two chapters cover up all the 24 
tests — physico-chemical and mechanical. 
Leaving aside the 7 chemical tests ( which 
have been disposed off in 7 pages ), the 
other tests have been detailed in 150 
pages out of which about one-third space 
has been devoted to mechanical analysis 
alone. It should ha\'e been easily possible 
to insert some of the details, such as Tables 
V to XIII, in tlie appendix. 

In addition to the inadequate attention 
j)aid to the chemical tests, their description 
is rather incomplete and is not properly 
put. For example, the method described on 
page 36 under “ hygroscopic moisture ” is 
actually the “ oven dry moisture ”. These 
two kinds of moisture are quite different 
from each other and the laboratory worker 
is likely to be confused. Similarly the 
colour of a soil sample has to be examined 
in the dry as well as in the wet condition. It 
would have been beneficial in the interest 
of the workers if the difference between soil 
texture and soil structure had been clearly 
indicated. 

It is doubtful whether recommendations 
made in the book as regards the total quantity 
of soil required for different tests is correct. 
In the reviewer’s opinion the quantity is 
only 50 per cent of that actually required. 
Approximately 2 lb. of sieved soil must 
be made available for complete analysis 
of a soil. 


In the determination of total soluble salts 
the book prescribes a soil water ratio 
of 1 : 10. However, in all standard works 
1 : 5 soil water ratio is used and our work 
also justifies this. The quantity of water 
extracts to be evaporated for the deter- 
mination of soluble salts must not be less 
than 100-150 c.c., so that there would be less 
chances of errors in the final calculation. 
It is doubtful whether the rhodozonic 
acid method of estimating sulphates should 
be used, as the method is not adequately 
standardized. 

The estimation of soil organic matter 
( organic carbon ) is important in all soil 
work. But a single method cannot be 
recommended safely for all types oi soils spe- 
cially in the case of saline and calcareous 
soils. Therefore, it would have been proper 
if some standard methods had been recom- 
mended with their limits of applicability 
indicated. Walkley and Black's rapid 
titration method is a quite useful method 
for organic carbon determination. The 
cation exchange capacity is always ex- 
pre.ssed in milli-cquivalents per 100 gm. 
of oven dry soil. However, in the method 
described on page 190 ( which appears to be 
Puri’s ammonium carbonate method ) this 
point seems to be omitted inadvertently. 

In general, it can be said that in all the 
above tests, specially the chemical tests, it 
would have been a wiser policy to give a 
short review of the different methods of 
analysis with their scope and then suggest 
methods for particular kind of soil type in 
India. 

T\\q Central Board of Irrigation has done a 
great service to soil analysts in India by 
bringing out this useful publication. They 
also deserve credit for making available the 
diagrams, specifications and sketches of 
many useful appliances and equipment so 
very necessary for the various tests and 
which could easily be constructed in any 
good workshop. 

It is suggested that when these tentative 
methods are revised, it would be better to 
split this book into three parts, viz. : 

1. Road, Low Cost Roads and Air-field 

Sub-grades. 

2. Earth Dams and Embankments. 

3. Foundation Problems. 

It would then be possible for workers 
engaged in a particular kind of problem to 
choose those tests suitable for their work. 

N. K. Patwardhan 



NOTES & NEWS 

Isolation of Vitamin A, adsorbed bands. The eluted 


Since the discovery in 1937 of 
vitamin A,, a compound related 
to vitamin A and found chiefly in 
the livers of certain species of 
fresh- water fish, there has been 
much disagreement among investi- 
gators with respect to its struc- 
ture and biological activity. The 
reported isolation of pure ( though 
non -crystalline ) vitamin A, alco- 
hol through a crystalline ester 
established criteria by which the 
activity of vitamin A, can be mea- 
sured ( Science, 1948, 108 , 417 ). 

Fish livers exhibiting the char- 
acteristic brownish-orange fluore- 
scence of vitamin A, were ground 
and extracted with ethyl ether to 
obtain a low-potency oil ( potency 
index, 4 ). The concentration of 
vitamin Aa is carried out by twice 
distilling the low-potency oil in a 
centrifugal molecular still to 
obtain a concentrate with a 
potency index of 65. Separation 
of the triglycerides by saponifica- 
tion increased the potency index 
to 182 and the sterols crystallized 
out in acetone at — 30°C. had a 
potency index of 260. The residue 
on chromatographing on sodium- 
aluminium silicate, distilling 
chromatographed concentrate in 
a high- vacuum pot still, destero- 
lating again in ethyl formate at 
— 30°C., chromatographing on 
magnesium oxide and thrice on 
zinc carbonate, a concentrate with 
a potency index of 1,350 was 
obtained. Further concentration 
could not be effected. The con- 
centrate was esterified with 


material from the homogeneous 
column was a viscous, orange- 
yellow oil which showed 2 adsorp- 
tion maxima in the ultraviolet at 
351 nt-fi and a subsidiary peak at 
287 A chloroform solution 

of antimony trichloride product of 
vitamin A, gave a blue colour with 
a single adsorption maximum at 
693 tn-fjL. The chromatographi- 
cally concentrated anhydro-vita- 
min A, ( obtained by treating 
vitamin A, alcohol fractions with 
N/30 alcoholic hydrochloric acid ) 
readily crystallizes at — 30“C. 
from a 20 per cent solution in 
light petroleum ( Skellysolve “F"); 
the crystals melting at 89-5°C. 
The anhydro-vitamin A, is easily 
separated from its analogous 
anhydro-vitamin A, by adsorption 
on zinc carbonate whereas the 
vitamin A and A, alcohols are 
difficult to separate. 

The following structure has 
been suggested as the most 
probable : 

Me 

I 11 Me 

Biological tests indicate that 
vitamin A, alcohol has a potency 
approximately 1,300,000 U.S.P. 
units/gm., or about 40 per cent the 
activity of crystalline vitamin A. 


also that the number of mutants 
produced in liquid media contain- 
ing uranium nitrate may be even 
greater than on agar. 

Uranium nitrate and other 
uranium salts have induced mu- 
tants in A. campestris whose 
•growth on artificial media is from 
5 to 7 times that of the original 
lines, as determined by dry weight 
of mycelial mat. Moreover, spawn 
of some mutant lines has produced 
mushrooms earlier than the checks 
and the colour was white instead 
of brownish. 

The agar containing uranium 
nitrate is mildly radioactive. It 
is suggested that the addition of 
uranium nitrate or other salts, to 
nutrient media may be a simple 
and u-seful means of inducing 
desirable mutations in micro- 
organisms. 


Blanc Fixe from Barytes 


New processes for the produc- 
tion of blanc fixe and barium 
carbonate from barytes and of 
strontium carbonate from celestite 
are described ( C.T.J., 1948, 123 , 
563 ). The methods are based on 
the fact that barium sulphate is 
soluble in fused sodium chloride 
and that on quenching the melt 
with water the barium sulphate is 
reprecipitated. 
In the new pro- 
cess, the dis- 


CH^OH 


colouration of 
the finished 



product is 
overcome by 
eliminating the 
iron oxide 


impurity. 

The furnace used in pilot plant 
tests is made of a 10' long welded 
steel shell 0*5'' thick and lined 9" 


thick with an all-clay firebrick. 
The poorest grade of firebrick was 
found to be the best. E'uel oil 


phenylazobenzoyl chloride by 
allowing it to stand for 4 hr. at 
room temperature in methylene 
chloride containing pyridine. 

The vitamin A, phenylazoben^ 
zoate thus obtained was chromato- 
graphed twice on zinc carbonate 
and eluted with petrol ether 
( Skellysolve “ F " ) and allowed “ 
to stand In the solvent at — 30°C. 
for 3 days when hemispherical 
orange rosettes were obtained 
( m.p. 76-77°C.). The compound 
had an ultraviolet adsorption 
maximum at 341 of 1,190. 
Careful saponification of the crys- 
tals under nitrogen gave theore- 
tical yields of vitamin A| alcohol 
which gave a single homogeneous 
adsorption band on a zinc -car- * 
bonate column with two tiny 


Mutations by Uranium Nitrate 

The addition of uranium nit- 
rate U 0 |^(N 03 ),‘ 6 H, 0 , to potato- 
dextrose agar at the rate of 0-5 
to 1-0 gm./litre has been found to 
stimulate mutation in the culti- 
vated mushroom, Agaricus cant- 
pestris, and both mutation and an 
unusual type of dissociation in 
the ordinary corn smut fungus, 
Ustilago zeae ( Science, 1948, 108 , 
554). 

Experiments on corn smut 
fungus show that uranium nitrate 
inauces reduction division or 
some other type of nuclear change 
resulting in the dissociation of 
cultural, and pathogenic charac- 
ters of certain monosporodial 
haplqid lines. There is evidence 


burners are placed above the 
melt at such a height that gases 
do not impinge upon the melt. 
The furnace atmosphere must be 
oxidizing. The salt-barytes mix- 
ture is blown into the furnace by 
a compressed air jet at right 
angles to the flame jets. 

The impurities, save for a trace 
of iron oxide, settle to the bottom 
of the melt and are removed perio- 
dically by tipping the furnace for- 
ward and raking out the residue. 
A baffle prevents the residue from 
moving forward with the melt. 
Another baffle prevents floating 
impurities from contaminating 
the product. 

The decolourizing material con- 
sists of a mixture of 99*9 per cent 
sodium chloride and 0*1 per cent 
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commercial phosphate fertilizer, 
blown over the surface of the melt 
just before it leaves the furnace. 
The melt is quenched in an air- 
agitated tank, washed, filter- 
pressed and tray-dried. 

It is necessary lhat barytes and 
salt are dried before charging them 
into the furnace to prevent forma- 
tion of hydrogen chloride. The 
mixture is ground together to 16 
mesh. 

The barium sulphate produced 
is a brilliant blue-white material 
of an apparent gravity about one- 
half that of precipitated product. 
It contains no free sulphur or 
sulphides and is suitable for X-ray 
medical use. 

In the production of barium 
carbonate from barytes, also 
developed to the pilot plant stage, 
the crude barytes is fused with 
sodium chloride as above and 
after the insoluble impurities are 
separated by settling and decanta- 
tion, sodium carbonate is added 
to the melt. Under conditions of 
slow cooling the barium sulphate 
is converted to carbonate which is 
separated by leaching out other 
salts. A similar procedure is 
adopted for converting celestite 
into strontium carbonate. 

Production of 

Thin Metal Films 

Extremely thin metal films 
were previously obtained by eva- 
porating a small amount of a 
metal, e.g. beryllium or aluminium, 
on the surface of a film of cellulose 
nitrate and subsequently dissolv- 
ing away the cellulo.se-acetate 
film by amyl acetate or other 
appropriate solvent. Such films 
are especially useful as supporting 
membranes for electron micros- 
copical studies. Though, as a 
rule, these films do not exhibit 
any visible structure, a faint 
structure may make its appear- 
ance. This structure-effect of the 
films has been eliminated by using 
acrylates instead of cellulose 
nitrate, collodion, etc., as the 
basic film. The solvent employed 
is ethyl acetate ( Nature, 1948, 
162 , 892 ). 

The metal films so obtained are 
almost invisible in the electron 

microscope when made 20A in 
thickness and the photographic 
contrast effect of the object 
particles is increased compared 
with that obtained with other 
supporting membranes. 

Another method, which is 
simpler because no dissolving 
process for the basic film is used, 
consists in the evaporation, in 


vacuum, of a small amount of 
beryllium or aluminium on to a 
liquid surface. Glycerol or any 
other liquid having a high-boiling 
point and low-vapour pressure at 
room temperature is suitable. A 
piece of glass, about 3 cm. x 3 cm., 
is covered with a thin layer of 
glycerol ( J mm. or less in thick- 
ness ) and put into the vacuum 
chamber. After a while, when 
water which may have been ab- 
sorbed in the glycerol has evapo- 
rated, a small amount of metal 
is evaporated. The glass slope is 
next put in a container into which 
distilled water is introduced. The 
glycerol is dissolved and the film 
immediately floats off ; it lies on 
the water surface, holding together 
well. The film is washed by 
using a container in which the 
water can be changed without 
disturbing the film. The film is 
transferred to a plane grid of 
copper, plfMiimim or other metal, 
the holes measuring about OT mm. 
in diameter, and is allowed to dry. 
In this way it is easy to get pieces 
3 cm. < 3 cm. or more, and when- 
ever a specimen is needed, a little 
piece can be cut off from this 
ready-made film. 

It is possible to make mem- 
branes of beryllium, aluminium, 
etc., with a material thickness of 

only 10-20.\, lying on grids where 
80 per cent of the area is covered 
with only the thin metal film. One 
of the greatest advantages of this 
method is the po.ssibility of laying 
a metal film directly on an organic 
substance without using amyl 
acetate or other liquids which 
affect organic substances. 

Benzoic Acid Manufacture 

in Germany 

A SURVEY OK THE PLANT AND 

methods used in the manufacture 
of benzoic acid in Germany has 
been made in the BIOS Final 
Report No. 1786 {C.T.J., 1948, 
123 , 595). The production of 
benzoic acid and benzaldehyde 
was confined to 2 plants of I.G. 
at Ludwigshafen and Uerdingen. 

Phthalic acid was the raw mater- 
ial employed at Ludwigshafen. 
One phthalic anhydride unit in- 
corporated a catalytic decarbo- 
xylation conventor which could 
be by-passed as and when benzoic 
acid was not required. The clas- 
sical method for the production of 
benzaldehyde via side-chain chlo- 
rination of toluene was in opera- 
tion at Uerdingen and gave benzoic 
acid as a by-product. Benzoic 
acid was also manufactured at 
this plant by the bichromate oxi- 


dation of toluene in the liquid 
phase. Because of the high cost, 
bichromate oxidation is likely to 
be superseded by the air-oxidation 
process, but was still employed for 
the production para and ortho- 
chloro benzoic acids. The greater 
portion of the benzoic acid pro- 
duced was neutralized and sold 
as .sodium salt. 

Benzoic acid is obtained in 80 
per cent theoretical yield by the 
liquid-phase air oxidation of 
toluene in the presence of a soluble 
cobalt salt. Air is bubb’ed through 
toluene containing 1 p? *t per 1,000 
of cobalt oleate, the t luene tem- 
perature being maintained at 
140“C. and the whole operation 
being effected at 2 atm. ; 
water, formic acid ar-d carbon 
dioxide are removed continuously 
while the benzoic-acid content of 
the toluene builds up to 50 per 
cent. At this stage the benzoic 
acid is washed out with sodium 
carbonate solution, the resulting 
sodium benzoate solution being 
purified by activated carbon and 
then drum-dried. Bsnzylben- 
zoate is formed as a by-product 
and is recovered as a residue from 
the toluene recovery for subse- 
quent hydrolysis to sodium ben- 
zoate and benzyl alcohol. 

Sodium benzoate is produced 
continuously in 92 per cent theo- 
retical yield by the pressure oxi- 
dation of toluene, using sodium 
bichromate as the oxidizing agent. 
.\ 33 per cent solution of benzoic 
acid in toluene and a 34 per cent 
sodium bicnromate solution are 
intimately mixed as the solutions 
are pumped through a series of 
autoclaves in which the tempera- 
tures are hela at 300-310°C. jand 
which are under pressure of 200 
atm. Residual bichromate is re- 
duced by formaldehyde. After 
cooling, the unreacted toluene is 
removed by distillation, chromium 
hydroxide filtered off and the 
sodium benzoate solution is car- 
bon-treated prior to passing to 
drum-dryer. Benzoic acid is 
obtained as a by-product in the 
benzaldehyde manufacture along 
with benzotrichloride. Chlorine 
is bubbled through toluene wfiich 
is initially warmed to 100°C. and 
permitted to reach a temperature 
of 145“C. at the end of the re- 
action which normally takes up 
to 110 hr. The mixture then con- 
sisting of 65 per cent benzal chlo- 
ride and 35 per cent benzotrichlo- 
ride is run into 76 per cent sulphu- 
ric acid at 60®C. After dilution, 
the benzoic acid oily .layer is 
removed by sodium carbonate and 
recovered from the aqueous resi- 



106 JOURNAL 

due by the addition of hydrochlo- 
ric acid. 

In the Ludwigshafen process 
employing phthalic anhydride 
( obtained from naphthalene ) the 
operation is conducted in the 
vapour phase by passing the gases 
from the phthalic anhydride con- 
vertor ( sufficient water vapour 
present ) through a catalyst bed 
consisting of zinc oxide and alu- 
minium oxide on pumice. The 
crude benzoic acid in water sus- 
pension is treated with sodium 
bisulphite in a Nutsche filter, 
centrifuged and washed free of 
electrolytes and sodium phtha^te. 
It is finally sublimed for further 
purification or used as such 
for the manufacture of sodium 
benzoate. 

Rubber Chemicals in 

Germany 

A RECENT BIOS REPORT DEALS 
with the German synthetic rub- 
bers, “Bunas” and “ Perbunas ”, 
and includes interesting sections 
^ on compounding ingredients ( ac- 
celerators, anti-oxidants, plastici- 
zers, softeners and pigments ) 
(C.T.j., 1948, 123 . 616 ). 

Among the reinforcing and 
general fillers special prominence 
is given to finely divided alumi- 
nium hydroxide, carbon black and 
a special form of silicon dioxide. 
The aluminium compound “Toner- 
degel ” or “ Teg ” is obtained by 
the double decomposition of solu- 
tions of aluminium sulphate and 
sodium carbonate, filtering the 
precipitate, drying and crushing. 
There appears to be a residuum 
of SO3 groups firmly bound in the 
hydroxide and largely responsible 
for the effect of the filler in rubber 
mixes. The gel is claimed to have 
given good results in shoe soles, 
jar rings, bottle discs and dipped 
gloves. Proportions up to 40 per 
cent on the weight of the mixing 
have been employed. 

The “ white carbon ” is a finely 
divided amorphous silica produced 
by chlorinating 90 per cent ferro- 
silicon, burning the silicon tetra- 
chloride in a mixture of air and < 
hydrogen and collecting the silica^ 
smoke in a revolving drum. 
Particle sizes range from 0*1 to 
1 ‘Of*, the finest grade being smaller 
than the finest carbon blacks. On 
the utility of this material the 
opinion has been unanimous. 

Zinc oxide, one*of the inorganic 
accelerators produced by the I.G., 
is made by precipitating zinc 
chloride solution with sodium car- 
bonates and calcining the zinc 
carbonate at 450 °C. The result- 
ing zinc oxide is claimed to have 
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a smaller particle size than any 
other zinc oxide produced so far. 
Among the organic accelerators the 
important ones are mercaptoben- 
zothiozole { Vulcacit M ) and di- 
benzthiazyl disulphide ( Vulcacit 
DM ). Phenyl-/3-naphthylamine 
and aldol-/-naphthylamine were 
widely employed as organic anti- 
oxidants. 

Oxycresylcamphene was found 
to be the best stabilizer for raw 
“ Buna ” rubber. 

A wide range of platicizers were 
investigated. One of the impor- 
tant materials is “ Koresin ” of 
I.G., a condensation product of 
acetylene and ^-tertiary butyl 
phenol. Numerous esters of 
phthalic acid were also used as 
plasticizers under the trade name 
“ Palatinols ”. Thio-jS-naphthol 
( “ Renacit ” of I.G. ) was one 
of the many products introduced 
as softeners and reclaiming 
agents. 

Considerable work is reported 
on the production of oil factices 
( rubber substitutes ). One parti- 
cular range of products were made 
by vulcanization by the Peachey 
process. As rape seed oil was in 
short supply the German factice 
industry employed whale oil, seal 
oil, sardine oil and linseed oil. 

The report contains useful 
manufacturing details for synthe- 
tic iron-oxide pigments, zinc sul- 
phide, etc., all types of goods 
made from rubber 01 rubber latex 
and analysis and testing of raw 
materials and finished products. 

Freeze Concentration 

.A PROCESS, WHICH MAY EXERT A 

revolutionary effect on the con- 
centration of solutions of heat- 
sensitive materials, is now ap- 
proaching the commercial stage at 
the CommoniiHf&Ith Engineering; Co., 
Ohio (Chem. E^^ 1948. 55, 119 ). 
The process itte.kes use of new 
principles in frizzing to remove a 
large part of the water from the 
original i>blution, with only negli- 
gible loss of valuable dissolved 
material. A novel application of 
the method which may develop is 
the concentration of extremely 
corrosive solutions. 

What is new in the process — 
called Cunningham Process after 
its inventor — is the employment 
of controlled ice-crystal growth in 
such a way as to effect a clean 
separation of ice and concentrate, 
with negligible loss of valuable 
material in the ice. In the con- 
centration of fruit juice, for 
example, the ice carries with it 
only about 1 per cent of sugar ini- 
tially present, in spite of the fact 
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that nearly 90 per cent of the ori- 
ginal water is removed as ice. 

Contrary to the usual freeze- 
concentration procedure, the new 
process grows the ice crystals in 
several stages and in a counter- 
current relation* to the flow of 
solution so that the largest crys- 
tals are in contact with the most 
dilute and least viscous solution 
and a simple centrifuging is all 
that is needed to effect nearly 
complete separation. The only 
limitation of the process, apart 
from its economic aspect, is that 
concentration cannot be carried 
quite as far as the eutectic 
point. 

The operational details are : 
the pre-cooled solution ( work has 
been done with orange juice ) 
enters the first of a ca.scade of 4 
semi-cylindrical metal troughs and 
super-cooled to — lO'C. in the 
second trough. The troughs are 
provided with a slowly moving 
screen each of which separates the 
suspended ice crystals from the 
solution. Ice forms immediately 
and concentration increases as the 
viscous solution passes on to the 
third trough and then to the last. 
When the solution reaches the last 
trough the total percentage of 
solids is about 68 and the tempe- 
rature is about -~30 'C. At this 
concentration the product may be 
frozen or kept refrigerated for 
shipment. This is unnecessary in 
the case of fruit juices since the 
sugar content is high enough to be 
solbpreserving. 

Wood- pulping w^ith Magnesia 

The first pulp mill employing 
magnesici for pulping wood will 
go into production shortly at the 
Weyerhaeuser Timber Co., Long- 
view, Washington. The usual 
waste liquor disposal problem is 
eliminated in the cyclic magnesia- 
base sulphite process as the chemi- 
cals employed are recovered and 
reused. The advent of a cyclic 
recovery system in the sulphite 
pulp process, comparable in results 
with the cyclic recovery system 
used in the soda and sulphate 
processes, is expected to have very 
important implications for the 
future of wood pulp industry and 
is regarded as one of the outstand- 
ing advances in paper industry 
^(Chem. Age, 1948, 59 , 724). 

The waste liquor recovery sys- 
tem is a turthcr step in the com- 
plete use of forest products. 
Complementing the recovery of 
chemicals, in the form of magne- 
sium oxide and sulphur dioxide, 
is the production of heat and 
electrical energy which will supply 
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a large part of the power necessary 
to operate the mill. 

The waste liquor ( 12 to 14 per 
cent solids ) before concentration 
is neutralized with recovered mag- 
nesium oxide to prevent loss of 
any sulphur dioxide during eva- 
poration. The concentrated waste 
liquor is burned in a recovery 
furnace under self-sustaining com- 
bustion conditions for steam gene- 
ration and the highly reactive ash 
in the flue gases are collected in 
cyclonic separators. The cooled 
flue gases containing sulphur di- 
oxide are combined with magnesia 
slurry to complete the cycle. 

Pulp of a better quality than 
calcium-liase pulp is obtained 
with the magnesia process becau.se 
the greater solubility of magne- 
sium compounds facilitate the 
pulp-washing operations resulting 
in fewer impurities in the finished 
pulp. Much of the slab wood and 
trimmings used to feed the boilers 
is now used up to produce pulp. 

The process is available for 
paper industry by licensing under 
patents by the liabcock Wilcox 
Company . 

Mechanical Mica-splitting 

Machine 

I'OLLOWING .\ STUDY, BEGUN 
(luring the war, of methods of 
splitting mica, the ILS. National 
Bureau of Sfandards have devel- 
oped a mechanical mica splitter 
which facilitates the production 
of thin films. The machine not 
only promises to speed up the pro- 
cess considerably but will greatly 
reduce the period required to 
train skilled splitters. 

Due to common mica impc'rfec- 
tions such as unequal spacing of 
cleavage planes, |no precise control 
of film thickness has been obtained. 
The quality of the machine split 
films, however, compares favour- 
ably with that of hand split films. 
In tests at the Bureau, the rate of 
splitting by an untrained operator 
was 60 films a minute, a rate that 
could be increased with skill in 
operation. The average rate of 
hand-.splitting is between 15-20 
films per minute. 

Like a hand splitter the machine 
starts thin sheets by introducing 
a sharp point into the edge of the 
mica block. A master valve at 
the centre of the turntable con- 
nects the chuck to the vacuum 
line to hold the block in position 
while it is being split ; on travel- 
ling forward, a carriage moves the 
chuck a short distance, causing 
the splitter gauge to raise a film 
of mica. As the carriage returns 
to its starting position, 2 stripper 


blades pass under the raised film 
to separate it from the block. The 
free end of the conveyor draws 
the loosened film to the belt which 
carries it to a receptacle. The 
use of an electromagnet to obtain 
a rapid vibration of th" stripper is 
contemplated to increase the 
effectiveness of splitting {Cheni. 
B/^e. 1948. 59, 731 ). 

Prevention of Potato Dry Rot 

A HIGHLY EFFICIENT PREPAKA- 
tion for the prevention of dry rot 
of potato tubers caused by the 
fungus Fu^arium coeruleum has 
been claimed at the ( rawley Re- 
search Station of the Bayer Pro- 
ducts Ltd, This preparation 
marketed under the trade name of 
“ Fusarex ” is based on 2, 3, 5, 6 
tetrachlornitrobenzene. “ Fusa- 
rex " is most effective for the 
control of dry rot when applied to 
the tubers immediately on lifting, 
followed by a period of 4 t(3 6 
weeks' storage. It has been found 
in trials that the preparation does 
not need to cover each potato 
completely so long as an even 
distribution through the mass of 
tubers is obtained. Thus a simple 
manual application can be em- 
ployed for treating the potatoes, 
it has also been found that “ Fusa- 
rex ” treatment and storage con- 
ditions can delay the development 
of sprouts by the tubers. Phar- 
macological tests have shown that 
tetrachlornitrobenzene is non- 
poisonous under the conditions 
of u.se and has verv low toxicity 
{Nature, 1948, 162, 843). 

New Uses for Porous Metal 

Some of the current appeica- 
tions of powder metallurgy are 
reviewed in a recent number of 
Chemical Afie ( 1948, 59, 756 ). 

.\mong the newer develop- 
ments, the two principal ones are 
the production of pre-cast powders 
and the hot pressing of powders. 
The letter procedure offers the 
advantage of working at lower 
pressures. 

Light metal alloys, e.g. alumi- 
nium alloys, are obtained by a 
combination of hot and cc^ld 
pressing. The method eliminates 
the deleterious effects of tempera- 
tures above 200"'C. The specific 
weight of the new alloys from 
powders should not exceed 5 
gm./cc., preferably 3 gm., with a 
tensile strength exceeding 30 kg./ 
sq. mm. even in the annealed state. 
These alloys are prepared by com- 
pressing and sintering aluminium 
powder, pure or alloy'^ed, of such 
fineness that at least 50 per cent 


has particle finene.ss <2fi. The 
alloy constituents may be magne- 
sium, copper, and/or silicon. The 
order of cold or hot pressing may 
be interchanged followed by sin- 
tering at the appropriate stage. 
Cold pressing is done at 2 tons/sq. 
cm. and hot pressing is done 
above 400T.. ; preferably 550°- 
600°C. 

Hot working, such as extrusion 
at about 450'C., is also said to 
be beneficial. Control of oxide 
content is important, for some of 
the unexpected properties obtain- 
ed are due to oxide films. The 
products are partic. -arly suitable 
for use at high temperatures, for 
internal combustion engine pistons 
and rings, turbine blades, etc. 

Another new dev^elopment is in 
the filtration and allied fields. 
New alloys of copper-nickle, 
copper-nickel- tin, etc., have been 
developed to giv^e an immense 
range of porosity of the material 
which is also dependent on the 
thickness of the material. The 
material can be bonded with steel, 
copper, nickel and their alloys 
and made integral with the solid 
metal, thus in many cases simpli- 
fying the assembly oi units. These 
materials havT? high mechanical 
stremgth, ductility and shock- 
resistance and offer good heat and 
corrosion resistance and permit 
fine filtration with low resistance 
to flow. 

The porous metal finds appli- 
cation in the mixing of gases and 
liquids. Among the many varied 
uses may be mentioned : distri- 
butors for fermentation in yeast 
manufacture : production of cre- 
sylic acid where copper-nickel -tin 
distributors are employed. 

Shark Oil & Shark Skins 

The production of shark liver 
oil, the skinning of sharks and 
curing of the hides, and the pre- 
paration of the fins for the market 
are described [Fisheries News- 
letter, 1948, 7, 8 ). 

For satisfactory oil extraction 
the fresh livers are minced and 
boiled with one-half their volume 
of water in a copper container 
placed in a water bath. The heat 
obtained by boiling the water in ^ 
the outer vessel is enough to render 
the oil from the livers. The heat- 
ing is continued for an hour at 
boil. On standing the oil floats on 
the surface of the mixture which is 
laddled off and strained through 
sacking to remove all solid matter. 
The clean oil should be stored in 
tightly sealed cans or drums. 

The following method is re- 
commended for skinning the 
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sharks : The opening is made 
along the back and not the belly. 
A very sharp knife is essential. 
Attempt should not be made to 
skin the hide off cleanly, but a 
good layer of flesh should be left 
on the hide. This flesh can be 
safely and easily removed in a 
subsequent process described as 
“ fleshing 

The tail is cut off at the knob 
just t^efore the tail fin starts ; the 
other fins are then cut off. The 
knife is inserted in the holes made 
by removing the midbkck ( dorsal ) 
fins, and the hide is split along the 
middle of the back. Next, cuts 
are made around the gills and 
lower jaw. 

The caracass is turned on its 
belly and the hide is peeled off 
starting from the left side — split 
off the hide near the head. The 
hide should not be pulled hard 
during peeling as tearing off the 
hide will produce “ thin bellies 
The skin should be held taut while 
peeling. The knife should always' 
be employed to free the hide and 
, tearing off should not be resorted 
to when the left side is skinned 
off ; the right side is peeled off 
similarly. 

After the hide is removed, it is 
washed thoroughly in sea water, 
removing all blood and slime and 
put . in a barrel containing brine 
( 7*5 lb! salt to 25 gal. of sea 
water ). This soaking facilitates 
fleshing. 

Fleshing can be done directly 
oh the freshly-skinned hide, but 
it is more easily carried out after 
the hide has stood for 3 or 4 hr. 
in the brine solution. On no 
account should the hide be allowed 
to remain in this solution longer 
thin overnight. Fleshing is done 
with a "beaming knife", a curved 
16* blade with handles at each 
end. The hide is stretched on a 
beaming board, with a curvature 
matching that of the knife. The 
hide edges must be thoroughly 
flesh-free as this will assist in 
preserving the hide. Next, the 
tail end is split by cutting from 
the hole around the ventral fins 
through the hole left by the anal 
fins and then in a straight line to 
the end of the hide. 

Curing is done on a platform 
with a slight slope so that the 
water and brine can run off. Salt 
is sprinkled on the inclined plat- 
form and the first hide is placed, 
flesh side up, flat on the top of it. 
There should be no creases or large 
folds in it. A generous amount of 
salt is spread over all portions 
and in particular salt should be 
fUbSed ^ong the cut edges. The 


other hides are heaped up and 
treated in the same manner until 
a pile of 3' to 4' is obtained. 

Hides take 3 to 5 days to cure 
and should not be allowed to 
stand for more than 6 days. The 
hides are cured in yards sheltered 
from sun, rain and heavy due. If 
during or after curing the hides 
show a tendency to become pink, 
or if after curing they develop 
damp ‘ ' weeping ’ ’ spots, the trouble 
may be due to the salt employed 
and should be replaced. Once 
the pink colour makes its appear- 
ance a thorough disinfection of 
the curing platform is recom- 
mended. 

The hides are packed for ship- 
ping after a fresh supply of salt is 
sprinkled on the hides. 

Shark fins are commercially 
valuable and are in demand for 
making certain food specialities, 
such as Chinese soups. There is 
ready market for them in Singa- 
pore and China. The upper lobe 
of the tail is discarded and fins of 
sharks of less than 5' in length are 
of little value. 

The fins should be cut off before 
skinning, cut correctly on a curve 
into fins and cleaned free from 
meat and skin. They are then 
soaked for a few hours in brine and 
final cleaning is finished. Care is 
taken not to leave large pieces of 
bone on the fins. The fins are 
dried in the sun spread over 
chicken wire and take about 14 
days of good weather for drying. 
When properly dried they are 
stiff and hard. 

New Uses for Herring Oil 

New OSES for surplus herring 
oil are described ( Chem. Age, 
1948. 59 , 790 ). The oil is em- 
ployed for making margarine. The 
dissolved protein residue, left over 
after oil extraction, is dried in an 
equipment normally used for dry- 
ing milk, whereby a protein 
powder is obtained. , This can be 
employed as a valuable com- 
pressed food extract and animal 
feed. 

A New Refining Process 

for Soyabean Oil 

A NEW REFINING METHOD WHICH 

improves the flavour and quality 
of soyabcan*salad oil has been 
developed in the laboratories of 
the United States Department of 
Agriculture, The process material- 
ly reduces the " painty " fishy " 
or " grassy " flavour associated 
with the oil, and consists in the 
addition of citric acid — 3 to 4 oz. 
per ton of oil. The additive is 


said to function as a " metal 
scavenger " neutralizing the effect 
of minute quantities of metal that 
gets into the oil, mainly from the 
refining equipment ; it helps to 
decrease the rate of oxidation of 
the oil, thus retarding the develop- 
ment of off-flavours. 

The processed oil is said to taste 
better initially and keeps 3 to 5 
times longer than soyabean oil 
refined by previous methods. 
The process is already in commer- 
cial use (USJS ). 

New Flotation Media 

for Mineral Recovery 

Heavy density liquids and 
mixtures are normally employed 
in " sink-float " method of miner- 
al separation and beneficjation. 
The main obstacle in employing 
heavy density liquids is their high 
price. These liquids can be subs- 
tituted by suspensions of finely 
powdered heavy solids with w'ater. 
Three ideal medium .solids that 
fulfil the requirehlents, viz. ferro- 
silicon, galena and magnetite' are 
being u.sed increasingly in sink- 
float plants in America. Some of 
the important characteristics and 
applications of these medium 
solids are described ( Chem, Age, 
1948, 59 , 795 ). 

Ferrosilicon is cheaper and har- 
der than galena, easily recoverable 
by magnetic separators. The 
successful use of ferrosilicon-iron 
ores led to its use in the concen- 
tration of a variety of metallic 
and non-metallic ores — lead, zinc, 
tin, garnet, fluorspar, magnesite, 
baryte, spodumene and diamond 
gound. 

Galena is heavy and can be 
recovered by froth floatation. It 
has the disadvantage of being so 
soft that it is abraded rapidly and 
lost as .slime. 

Magnetite being highly magnetic 
is easily recovered and is heavy 
enough to yield any gravity 
required in coal-cleaning. It costs 
only a fraction of the cost of 
ferrosilicon. It is soffiewhat easier 
to handle because of its lower 
specific gravity. Ft can be more 
easily ground than , the other 
medium solids and ^or this reason 
forms a more stable medium. The 
fine size to which it can be ground 
reduces the wear op the equip- 
ment. 

In addition to coal, magnetite 
can be employed as a medipm 
solid for the separation of other 
low-gravity minerals such as 
gypsum, potash ores and concrete 
aggregate. Labour requirements 
for fk)tation plants are low and the 
separation capacities high. A unit 
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equipped witli 3- 7 dia. cone 
separatory vessel can treat more 
than 600 tons of feed in 24 hr. 

Although the use of commercial 
sink-float installations is restricted 
to the treatment of materials 
coarser than 10 to 14 mesh, pilot 
plant studies at the mineral dress- 
ing laboratory of American Cyana- 
mid Co., indicate the possibility of 
making good-gravity separations 
of particles as fine as 48 mesh in 
the case of ores and 100 mesh in 
the case of coal. 

Wood — Perennial Source of 
Organic Chemicals 

Various wood-using industries 
have in their hands the raw 
materials for the production and 
synthesis of a great number of 
organic chemicals useful in all 
walks of life. Many of these 
products are wasted at the present 
time, but fundamental research in 
these fields is uncovering new 
products and novel uses for the 
by-products of the wood-using 
industries. 

Wood has one great advantage 
over coal and petroleum as a 
source of organic chemicals 
because, of the three, it is the only 
one that can be replenished in a 
relatively short time. Therefore, 
the day is not far off when wood 
will be one of the chief sources of 
organic chemicals. 

In addition to the well-known 
chemical products of the wood- 
distillation industry ( methanol, 
acetic acid and acetone ) many 
new fine chemicals isolated direct- 
ly from the wood distillate ( such 
as y-butyrolactone, o-cresol, gauia- 
col, 4-ethylgiiaiacol, pyrogallol, 
1, 3 -dimethyl ether, maltol, etc.) 
have appeared recently on the 
market in commercial quantities. 
These primary products open up 
possibilities of varied synthetic 
approaches. 

The naval stores’ industry based 
upon the extraction of pinewood 
stumps has evolved into a complex 
terpene chemical industry, w'ith 
many new terpene and terpene 
derivatives on the market. The 
raw materials for many of these 
terpene processes are available 
also in the kraft-pulping industry’s 
by-product turpentine and tall oil. 

The sulphite pulp industry 
possesses in its Sulphite waste 
liquor an enormous potential 
source of chemicals. The sugar 
content can be fermented to 
ethanol, butanol, acetone, lactic 
acid, or several other fermentation 
products, each of which may be 
employed in the synthesis of many 
other Gompounds. In fact, in 


Sweden, sulphite liquor ethanol 
is the raw material for the 
country’s organic chemical indus- 
try. Western hemlock sulphite 
waste liquor may be extracted 
directly to obtain conidendrin 
which is valuable for the synthesis 
of anti -oxidants. 

The lignin in sulphite waste 
liquor can be oxidized to give high 
yields of either vanillin or vanillic 
acid. These interesting com- 
pounds are valuable for the 
synthesis of numerous derivatives 
which have found utility as non- 
toxic food preservatives, efficient 
sunscreens and sunburn preven- 
tatives, plasticizers for trans- 
parent film and cellulosic materials 
and therapeutic agents. 

The hydrolysis of wood offers 
another source of sugars and 
fermentation products similar to 
those obtainable from the sugars 
of sulphite waste liquor ( Chew. 
Eng., 1948. 56, 299). 

Mobile Fuel Research Unit 

To PROVIDE FUEL CONSUMERS IN 
industry with instruments and 
modern testing methods to im- 
prove fuel efficiency the British 
Ministry of Fuel has inaugurated 
a mobile testing unit service 
equipped with an extensive range 
of indicating and recording ins- 
truments. The unit visits works 
in any part of the country, to 
assist works' managements in 
obtaining, free of charge, full 
information regarding process heat 
requirements and maximum fuel 
conservation {Chon. Age, 1948. 
59 , 781 ). 

The equipment is housed in an 
R..\.F. radar van specially built 
for transport of delicate instru- 
ments over rough ground. The 
van is fitted with detachable 
aluminium instrument panels for 
use either in the van or outside. 

Instruments included are : a 6- 
point temperature recorder which 
can be used on three ranges : 0""- 
500X ,0°-1.000X.andO'^-1.600X., 
two 2-point temperature record- 
ers, a number of temperature indi- 
cators of various ranges with multi- 
point selector switches, a steam- 
flow indicator, a carbon-dioxide 
recorder and indicator, 2 steam- 
flow recorders — one using the 
normal mercury U-tube differ- 
ential and the other an aneroid 
bellow type-differential, both 
provided with 3 range tubes ' to 
give full-scale deflection with 3 
different flows. 

A comprehensive range of orifice 
plates and carrier rings is carried 
covering pipe sizes up to 6" bo‘re. 
A differential-pressure recorder 


with a differential of y W.G. is 
provided for recording gas flow. 
The equipment also includes pres- 
sure recorders with a variety of 
ranges from a few inches W.G. to 
500 Ib./sq. in., recording and 
indicating draught gauges, a 
water-testing outfit, a workshop 
potentiometer, a millivolt meter, 
a multi-range ammeter, a kW. 
meter, a tachometer, a velometer, 
a surface p3Tometer, a steam- 
engine indicator and chemicals 
and reagents, etc. The van is 
fitted with a fully equipped 
engineers' workshop ond carries 
its own cable drums o that its 
switchboard may be coupled to a 
work’s supply for power purposes. 

Chemical Industry in Ceylon 

The wide scope for chemical 
industries, organic and inorganic, 
existing in Cevlon is reviewed 
( Chem: Age, 1948. 59, 793 ). 

The possibilities of utilizing 
waste tar are being investigated 
in a plant built for the purpose in 
the laboratories of the Depart- 
ment of Industries, Colombo. The 
obvious by-products include disin- 
fectants, wood preservatives, aspi- 
rin, alcohols, ammonium sulphate 
and napthalene. The residual tar 
can be used for road-surfacing. 

The Department of Industries 
has worked out a process for 
recovering by-products from co- 
conut shell-distillation industry. 
Wood naphtha and two brands of 
wood preservatives have been 
produced. 

Ceylon has extensive natural 
resources for the manufacture of 
soap and perfumes on a large 
scale. Coconut oil and citronella 
and cinnamon leaf oils are avail- 
able in abundance. 

The question of utilizing the 
iron ore deposits, found in the 
Ratnapura district and in parts 
of the Uva Province, is being 
investigated. 

“ Safety First in 

Laboratory Work 

Some practical contributions 
to the information on safety 
measures in chemical work were 
made at a recent conference held 
in London by the Institute of 
Physics in collaboration with the 
Institution of Metallurgists { Chem. 
Age, 1948, 59 , 688 ). 

Mr. Idris Jones, of the Chemical 
Research Laboratory { D.SIR ), 
pointed out that 16 per cent of 
the accidents were attributable to 
apparatus as distinct from human 
failings. The fundamental factor, 
he stressed, was the human one. 
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Instruction in safety methods 
should, he considered, be as part 
of chemical education. At the 
Chemical Research Laboratory a 
safety organization has been set 
up and a senior member of the 
staff is entrusted with the task of 
insi>ection and recommendation 
of safety measures. The Chemical 
Research Labciratory Safety Of- 
ficer has drawn up a pamphlet on 
laboratory safety measures which 
has been published for public use. 

Many of the speakers stressed 
on the cleanliness and orderliness 
to be maintained in the laborato- 
ries. Some of the measures under 
this head are ; floor obstructions 
to be removed, rubber gloves to be 
kept on racks, metal parts alumi- 
nium-painted, transparent cases 
shielding balances, testing equip- 
ment and vacuum pumps. Buchner 
flasks and vacuum desiccators to 
be provided with metal guards and 
distillation units with expanded 
metal guards ; for cold traps, the 
use of liquid nitrogen is recomr 
mended in place of air ; cylinders 
to be used in a vertical position, 
in stands and chained securely ; 
electrical connections should be 
kept short ; pipetts used in 
measuring to be always used with 
an interposed bulb. 

Certain guiding principles in 
organizing work in laboratories 
handling explosives were suggest- 
ed by Mr. G. C. Ellington. The 
basic precaution to be taken in 
testing materials arc : use of mini- 
mum amounts, transportation 
and handling of samples to be 
reduced to a minimum and .special 
care to be taken in selecting the 
nature of the test ( such as in 
determining moisture content by 
heating ) . 

The safty measures to be taken 
in laboratories handling radioac- 
tive material are : the laboratory 
itself should be in a one-storey 
building, spaciously laid out, allow- 
ing S'-lO'per operator ; electrical 
fittings should be flame-proofed 
and gas supplied in iron pipes or 
armoured pipe ; sinks should be 
numerous and floors unpolished ; 
steam-heating is preferable to 
electrical and, where a continuous 
water flow was needed, its out-flow 
should be visible. 


Precautions to be taken in 
atomic energy establishments were 
given by W. G. Marley. To avert 
the risk of dangerous exposure of 
the body to external radiation the 
intensity of radiation should be 
measured. The National Physi- 
cal Laboratory runs a “ film badge 
service ", a badge of X-ray film 
worn on the exterior of clothing to 
indicate the maximum dose of 
radiation. Periodical surveys of 
the laboratory for local contami- 
nation should give geiger counter 
records of less than 500 per min. 
Removable bench tops, stainless 
steel -working trays, protective 
clothing, rubber gloves and over- 
shoes have been recommended. 

Announcements 

The Elliott Prize for Scientific 
Research in Chemistry for the year 
1949 will be awarded to the author 
of the best paper giving the results 
of original research carried out in 
Chemistry and published during 
the years 1945-48. 

The prizes for the next four 
years will be offered as follows : 
1950, Phy.sics ; 1951, Geology and 
Biology ( including Pathology and 
Physiology ) ; 1952, Mathematics ; 
1953, Chemistry. The papers 
should be submitted to reach the 
President, Royal A siatic Society of 
Bengal, 1 Park Street, Calcutta, 
by the end of June each year. 

National Institute of Sciences of 
India — At the annual general 
meeting of the Institute held at 
Allahabad in January 1949, the 
following office-bearers were 
elected : Prof. S. N. Bose ( Presi- 
dent ), Prof. A. C. Banerjee and 
Maj.-Gen. S. S. Sokhey ( Vice- 
Presidents ), Dr. J. N. Mukherjee 
(Foreign Secretary ), Pcoi. D. S. 
Kothari and Dr. H. S. Pruthi 
( Secretaries ). 

Dr. D. D. Kosambi of the Tata 
Institute of Fundamental Research, 
Bombay, has been awarded a 
UNESCO Fellowship tenable in 
U.S.A. to work on new types of 
electronic calculating machines 
for setting up a modern calculat- 
ing laboratory in Asia. Dr. 
Kosambi has been invited as a 
visiting professor by the Chicago 
University. He is also to serve on 


a Committee of mathematicians 
to select the recipients of Field 
Medals to be awarded at the 
forthcoming International Con- 
gress of Mathematics to be held 
at Massachusetts. 

Erratum 

Indian Institute of Chemical Engi- 
neers — The correct address of 
the Institute is 5/2, Garstin Place, 
Calcutta 1, and not 5/2, Garlic 
Place, Calcutta 1, as reported 
previously. 


REPORTS FROM 
STATES & PROVINCES 

( continued ) 

last 8 years. The use of steam 
and modern machinery for the 
manufacture of sugar candy, and 
the utilization of the mother 
liquor for the manufacture of high 
grade confectionery, are the im- 
portant aspects of the processes 
developed. The cost of produc- 
tion has been appreciably reduced 
and the output of sugar candy 
enhanced. It has been possible 
for the first time to produce 
bright, lustrous, large and well- 
formed candy crystals in a 
specially designed rotary candy 
crystallizer. 

Advice will be given, on applica- 
tion, to interested persons in 
matters relating to processing, 
equipment and quality control 
in the manufacture of candy and 
confectionery. Training is also 
imparted to interested chemists. 
The training period is of one 
month duration, and usually 
starts from January each year. 

J. K. Institute of 

Applied Physics 

The foundation-stone of Ins- 
titute was laid by Pt. Jawaharlal 
Nehru in the Muir College grounds, 
Allahabad, during the last Indian 
Science Congress Session. Sir 
Padampat Singhania has donated 
Rs. 5 lakhs towards the establish- 
ment of the Institute for conduct- 
ing research work in Geophysics 
and Radiology. 



Reports 
States & 

BOMBAY 

Industrial Finance 

Corporation 

The Government have decided 
to set up a finance corporation to 
assist medium, small-scale anti 
cottage industries in the Province. 
The corporation, which would be a 
statutary body, will grant loans 
to medium and small-scale in- 
dustries and will have a special 
department for handicrafts and 
cottage industries. 51 per cent of 
the total capital will be subscribed 
by the Ciovernment. 

CENTRAL PROVINCES 

Newsprint Factory 

The Premier oe C.P. and 
Herar laid the foundation-stone 
of the National Newsprint & Paper 
Mills at Chandni in Khandwa 
district on December 26. The 
mill is the first newsprint factory 
in the country, and is expected 
to start work by the end of 1949. 
It will manufacture 100 tons of 
newsprint per day. 

Coal- mining 

P K E I . I M I N A INVESTIGATIONS 

have been completed by the 
(Government on the working of 
coal mines at Khorba Drug in 
district, 23 miles from Champa 
station, on the Hilaspur-Calcutta 
railway line as a State enterprise. 
The investigations were initiated 
with a view to determine the 
extent of metallurgical coal depo- 
sits thatcould be profitably utiliz- 
ed in setting up of an iron and 
steel factory in the vicinity of 
the coal-mining area. 

Coal has also been located close 
to the Khaparkheda Thermal 
Station, Chhattisgarh district, 
which is calculated to produce 
30,000 kW. This field will also 
be run by the Government. 

MADRAS 

Conference of Steam 

Users & Boiler Inspectors 

A Conference of Steam Users 
and Boiler Inspectors of the 


from 

Provinces 

Province was held recently at 
Madras to consider the difficulties 
in the workipg of the Indian 
Boilers Act and to discuss prob- 
lems of availability and economic 
utilization of fuels. 

Mr. Campell, the Chief Engineer 
of n. C. Mills, Madras, pointed 
out that some of the existing 
steam plants in the Province 
were able to utilize only 20 per 
cent or even less of the heat 
available and the rest was wasted 
through inefficient methods of 
utilization. He endorsed the view 
of the Chief Inspector of Boilers 
that advantage should be taken 
of the economic use of back 
pressure machines to obtain 
larger blocks of power as a by- 
product of the process steam. 
He also pointed out that some 
steam users in the Province had 
installed such steam plants but 
factory owners’ efforts to increase 
the efficiency of their plants were 
thwarted, to some extent, by the 
(Government Electricity Depart- 
ment in so far as the present 
needs of the Department did not 
permit industrial generating plants 
to run in continuous parallel 
operation with (Government elec- 
tric system. This meant that 
thousands of tons of fuel which 
could be used for many essential 
})urposes now requiring it were 
wasted. This matter should 
receive the earnest consideration 
of (Government. 

Fruit Farms 

The opening of fruit farms as 
adjuncts to the 6 Agricultural 
Research Stations in the Pro- 
vince has been sanctioned by 
Government. About 10 acres of 
land will be utilized for the 
purpose at each station, except 
at Pattambi where only 5 acres 
would be allotteil for fruit cultiva- 
tion. The Government have 
sanctioned Rs. 5.000 for improving 
irrigation facilities at (Gutur Sta- 
tion fof work on orchard methods. 

Fishing Industry 

A revenue of Rs. 14 73 lakhs 
was realized by the Government 
during 1946-47 from the Fishery 
Department. .\s a result of 


deep sea-fishing operations ini- 
tiated by the Government in 
35 centres in the Province, a 
total of 745,960 lb of fish was 
caught during the year. 

The total quantity of crude 
shark liver oil received at the 
Government Oil Factorv, Calicut, 
from the curing yards and oil ex- 
traction centres was 75,591 lb. 
The quantity of standard oil pro- 
duced was 93,600 lb. and 102,087 
lb. of oil was sold during the year. 

Pennar-Kumudhvathi 

Project 

Th’: (Government will take up 
the execution of the project this 
year. A sum of Rs. 19 lakhs has 
been sanctioned for the work 
which envisages the harnessing of 
the Pennar river in the Kiirnool 
district in Madras and the Ku- 
mndhvathi river in Mysore by 
constructing a dam at the con- 
fluence of the two rivers. The 
project will ensure a perennial 
supply of water for irrigation 
purposes and will bring under 
cultivation about 3,200 acres of 
virgin land. 

NEW DELHI 

Land Reclamation 

.\ five-year plan to reclaim 
6 million acres of uncultivated land 
by heavy tractors is under the con- 
sideration of the Central Ministry 
of .\griculture. The results of re- 
claiming 36,000 acres of land in the 
Ihiited and Central Provinces 
have been encouraging ; the costs 
incurred in their cultiva tion are 
reported to have been covered by 
the bumber crops raised. This 
plan is expected to increase the 
country’s annual foodgrain pro- 
duction by 2 million tons. 

UNITED PROVINCES 

Under the auspices of the 
Indian Institute of Sugar Techno- 
logy, Kanpur, arrangements have 
been made for training technicians 
in the manufacture of sugar 
candy and confectionery by 
improved scientific methods. 
Details of the course and the 
prospectus can be had, free of 
charge, from the Chemist-in- 
Charge, Sugar Candy Research 
Scheme, Ravalgaon, Dt. Nasik, 
C.P. & Berar. 

The Sugar Candy Research 
Scheme has been working under 
the guidance of the Indian Insti- 
tute of Sugar T ethnology for the 

{ continued on page 110 ) 



INDIAN PATENTS 


The following is a list of Patent Applications notified as accei)ted 
in the Gazette of India, Part TT. Section I. for January 194^). 


Inorganic Chemicals 

39754. JSOKANDA Mink.s Ltd. ; Process of recover- 
sulphur from pyritt* : Pctssinf' a ^tfaseous 
mixture containing oxygen in an ignited mass of 
Pyrite. 

38164. T.C.I. Ltd. : Production of sulphuric acid or 
oleum : Converting molten sulphur into sulphur 
dioxide up to 14 per cent and converting sulphur 
dioxide into trioxidc. 

39992. LC.L Ltd. ; Indication of ammonium nitrate 
( Addition to No. 38787 ) : Mixture of 100 parts 
of ammonium nitrate and 0*01 to 1*0 parts of 
sulphonated aromatic dvestujf other than acid 
Magenta. 

36767. Moos : TUilization of the waste product of 
calcium chloride industry, viz. hydroxide 
pastes : 'I'reating the waste product of magnesium 
hydroxide paste with sulphuric acid. 

39686. Unitf-D Statfs Ruhio-:r ('o. : Recovery of 
tiuosulphonic acid ; Admixing sulphur ^rioxide 
with spent acid and distilling the mixture. 

39957. Zinc Pkoduc'Ts Ltd. : Improved process 
and apparatus for tin* manufacture of zinc 
oxide : Molten zinc maintained beloiv boiling 
temperature and oxidation of zinc promoted hr 
increasing the surface of molten metal. 

37972. British I^ekkt.ase ('o. Ltd. : Improv'e- 
ments in the manufacture of maj.;nesium 
hydroxide : Slaking lime from dolomite and 
adding it rapidly /e magnesium compounds. 

Organic Chemicals 

40610. CiBA Ltd. ; Manufacture of a new conden- 
sation product of 6-sulplianilamido-3-methvl- 
pyridazine : Comprises reacting fi-sulphanila- 
mido-3-m ethylpyridazine iv ith form aldehyde. 

37706. I.C.T. Ltd. ; Manufacture of new dyestuffs 
of tlu’ anthraquinoiie series ; Halogen atoms f 
compounds of anthraquinone series and related 
types carrying halogcno methyl groups are replac- 
ed by quaternary or ternary salt groups. 

Miscellaneous Chemicals 

39694. Standafrt & Brown : Production of 
doulde and triple superphosphates and of 
compound fertilizers containinj< the same : 
Double or triple superphosphate is blended with 
nitrogenous and j or potash fertilizers. 

38014. LC.L I/ri). : Manufacture of sulphuric esters 
of leuco derivatives of vat dyestuffs and 
anthraquinone intermediates : Reacting corres- 
ponding leuco compound or its metal .salt with 
sulphur trioxidc in presence of an organic amide. 

Pood & Kindred Products 

40018. East Anglia Chemical Co. Ltd, ; Produc- 
tion of dextran : A n aqueous extract of fresh 


yeast of low solids content is used for the produc- 
tion of dextran from sucrose. 

40392. Lever Brothers & Unilever Ltd. ; 
Improvements in the catalytic treatment with 
IiN'drogen of ”lyci‘ride oils : Hydrogenating 
the oil above 150 6'. in the presence of non- 
colloidal particulate nickel-alum ina-silica cata- 
lyst having hetiveen 15 and Si) per cent by weight 
of nickel. 

Instruments 

37235. Khorana & Bhunvara ; Vacuum opera- 
ted automatic Imrette ; Providing a two-way 
stop-cock between one arm of a T-tuhe connected 
to reservoir and the side tube from the top of 
burette. 

Sibil. Tecalemit Ltd. : Improvements in air 
separators : The air separator has diaphragms to 
divide the liquid into a number of shallow super- 
imposed streams and is fitted with an air vent 
valve at the top. 

Metals & Metal Products 

38621. John Miles & Partners ( London ) 
Ltd. : Improved process of reducimj metals 
from tlu‘ir ores : Reducing ore by hydrogen and 
smelting and refining the reduced ore bv oxygen ; 
hydrogen and oxygen being obtained by electro- 
lysis of water. 

37824. H. J. Knthoven & Sons I.td. : Solderiinj; : 
Soldering in presence of a flux consisting of a 
hydrazi ne -hydrohalide . 

40209. Singh : Manufacture of cast irons : Treating 
molten cast iron with mai^nesium before casting. 

38346. Pakanjape : Production of sound castim^s : 
Mould cavity exhausted by creating vacuum, 
maintaining the vacuum until metal solidifies. 

Physics ( General ) 

34695. Centre National dk la Recherche 
S ciENTiEiQUE : Production of nuclear ener|;i;y : 
Comprising uruniferous mass inside ivhich are 
placed damping masses formed of at least one 
neutron slowing down siibstunre. 

34477. Centre National de la Recherche 

SciENTiEigT^E : IVoduction of nuclear energy : 
Production of energy through nuclear fission of 
uranium element in a form in which isotope 235 
is in a higher proportion by means of chain 
reactions. 

Miscellaneous 

38990. Burndept Ltd. : Improvements in primary 
electric cells : Plastic sheathing wrapping 
container sealed at edges and a perforation in 
container clear of electrolyte. 



Eclecticism in Medicine 


T he report of the Committee on Indi- 
genous Systems of Medicine, recenth* 
published by the Ministry of Health, 
Government of India, is a stimulating 
document based on the detailed inquiries 
into the potentialities and achievements of 
the systems of medicine serving the people 
of this country. In an article entitled 
Rationalization of Medicine in India* ap- 
j)earing in these columns, we have referred 
to the practicability of bringing together 
the indigenous and modern systems of 
medicine, and the desirability' na\', im- 
perativ'e necessity of utilizing the services 
of large numbers of practitioners of systems 
indigenous to this country for building up an 
adequate national health service. Tins was 
the thesis of the address of Col. Sir Ram 
Xath Chopra to the 1948 Session of the 
Indian Science Congress (Patna). Ihe 
\’iews expressed by him have been further 
emphasized and amplified by the Committee 
on Indigenous Systems of Medicine, over 
which Col. Sir Ram Nath Chopra presided. 

The Committee was appointed in December 
1946 to meet the public criticism which the 
Bhore Committee’s failure to assess the value 
of indigenous systems of medicine e\'oked, 
and the Committee was charged specifically’ 
“ to consider and recommend the steps to 
be taken to improve facilities for research 
in indigenous sy'stems, and generally' to 
increase their usefulness to the public 
Ihe Bhore Committee had reported : “ W'e 
are unfortunately not in a position to assess 
the real value of these ( indigenous ) sy stems 
of medical treatment as practised today’, 
as we have been unable with the time and 
opportunities at our disposal to conduct 
such an investigation into the problem as 
would justifji^ clear-cut recommendations ”, 
and this after recognizing that the M’estern 
medicine, as practised in India, provided at 

March 1948, p. 101. 


best only' a part of ^he country’s requirements 
for medical relief, and that doctors trained 
in allopathy were concentrated in urban 
areas “ so mucli so the proportion oi doctors 
to the rural ixipiilation was such as to result 
in a total denial of effective medical aid to 
the ]>eople The aid av ailable to tlie 
masses in India is that provided by the 
Ayurvedic and Unani practitioners, and the 
people have shown a preference for these 
sy’stems which have tludr roots in the soil. 
The indigenous sy'stems are “ time-tried and 
are based on sound observations, and many 
of their theories are ca])ahle of withstanding 
scientific investigation Despite long and 
liberal State patronage, the W’estern system 
has failed to penetrate into the rural areas 
and minister to the needs of the vast majority 
of the people, 'bhis is not to minimize the 
v’alue of the Western system, or to state 
that all is well with the practice of indigenous 
sy’stems. d'he neglect from vvliich the latter 
have suffered for centuries has resulted in the 
accumulation of a mass of su|)erstition and 
dogma, and the incursion into them of a 
large number of ill-qualified and ill-e(|uippcd 
practitioners. In this respect their position 
is not different to what was obtaining in the 
Middle Ages in Europe when the classical 
sv'stem of medicine as taught by' Hipjx)crates 
and Galen had degenerated into supersti- 
tious beliefs and (piackery. In its develop- 
ment, allopathy' has drawn freely from the 
knowledge available in the East, and 
thanks to the lal)ours of a large body of 
savants working in well-equipped research 
laboratories all over the world, it has attained 
a position of pre-eminence. The indigenous 
systems, on tlie other hand, have stagnated 
and liave fallen from their pristine glory, 
and their practice has suffered from the 
” human errors ” which, according to Roger 
Bacon, arise from undue respect for auth- 
ority, habit, prejudice aqd false conceit of 
knowledge. The first thing, then, is to rid 
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the systems of these errors ” *)ind to vitalize 
them by the methods of experiment and 
^observation. Research should be directed 
(i) to clear these systems of accretions of 
centuries of doubtful value ; and (ii) to give 
scientific meaning and significance to the 
fundamentals of these systems so that they 
may be accepted by science 

Truth and science arc one said H.K. 
Sri C. Rajagopalachari in his reply to the 
address presented to him by the Bangiya 
Ayurveda Mahasabha in C alcutta ( June 17, 
1§48). “ There can be no competition 

between truth and truth, but only between 
truth and error. I would, therefore, entreat 
you to remember 3 things : The first is to 
demand, and not oppose, a high standard of 
education and equipment and careful selec- 
tion in admitting students to , your colleges 
for courses in medicine. 1'he second is to 
include modern scientific knowledge along- 
side the traditional Ayurveda in your institu- 
tions so that truth may run in a single course 
and ]>rejudice and ignorance vanish to the 
minimum point. Thirdly, scientific research 
should be encouraged and there should be no 
opposition but full co-operation in this between 
Western doctors and the learned kavirajas/* 
This sage advice has been accepted by the 
Committee which “ does not believe that 
there can be separate sj’stems of Western or 
Indian medicine. Science is universal and 
medical science is no exception to this rule. 
Such multiplicity of .systems is only believed 
and encouraged by j^eople who have not 
clearly grasped the significance of the noble 
ideals as preached by the great Acharyas of 
Indian medicine and the savants of Western 
medicine. The so-called systems merely 
represent different aspects and approaches 
to medical science as practi.sed in different 
ages and in different parts of the world. 
The aim of all s^^stems is the maintenance 
of health and ])revention and cure of disease. 
An^dhing of value emerging from them 
should be integrated and utilized for the 
benefit of humanity as a whole without any 
reservations." Starting from this incontro- 
vertible premise, the Committee proceeds to 
collect and appraise evidence — oral and 
documentary — from leaders of Western and 
indigenous systems, and to examine critically 
the reports of Committees appointed by 
Provincial and State governments to inquire 
into, and report upon, the facilities for educa- 
tion and research in indigenous systems as 
obtaining in their respective regions. The 
result is a unanimous report embodying 


valuable observations and recommendations 
for orienting medical education in the 
country with a view to integrating the 
different systems, and for rationalizing 
medical practice in the countr}' as a whole. 
The Report ob.ser\'es " Indian medicine is 
defective in the field of surgery, obstetrics, 
structural j)hysiology and pathology, and 
must look for help to VV’estern medicine in 
these branches. On the other hand, great 
emphasis is laid on the prevention of disease 
b}^ improving the ‘ soil ’ factor by adopting 
suitable dietary which has been elaborateU' 
worked out according to seasons and climates 
and the temperaments and avocations of 
individuals, \\ostern system has yet to 
formulate a coherent system of principles 
of medicine and is in marked contrast to 
Indian medicine in this res])ect. Western 
and Indian medicines have thus much to 
giv^e to each other, and a pro})er synthesis 
of the two will benefit humanity as a whole." 
The Report points out that .such a synthesis 
" though not easy " is not only possible but 
l)racticable and essential. " It must, how- 
ever, be admitted that its successful working 
will neither be easy nor (juick. It will 
require the continued and painstaking re- 
search of many first-cla.ss exjx^rts for main- 
years to evolve a complete integration 
that could be of real value to India in parti- 
cular, and the world in general." How this 
research is to be organized and carried out 
has been fully dealt with and the steps 
which have to be taken immediately to 
make " a beginning in the right direction ” 
have been indicated. 

The emphasis placed on the " integra- 
tion " of apparently different systems of 
medicine has given rise to the fear, in certain 
quarters, that the acceptance of the Com- 
mittee's recommendations would be tanta- 
mount to bringing pressure on Western 
medicine to compromise with principles. 
It is feared that a " hybrid " system would 
result which may prove disastrous. A 
dispassionate study of the Report, how- 
ever, reveals that the Committee does not 
call for any compromise with principles. 
What the Committee seeks to achieve is 
" a wise eclecticism with the main emphasis 
on the Indian system ". This is sought to 
be achieved not by compulsion, but by the 
pooling of knowledge wherever it is found, 
by objective study and research. It is 
realized that the desired result cannot be 
obtained quickly or easily. Years of re- 
search by large numbers of scholars versed 
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in the many schools of medicine would 
be necessary, and the outcome of their 
labours would benefit not any one particular 
system but medicine as a whole. 

The Report envisages the establishment 
of a Central Research Institute of the uni- 
purpose type. On tlie need for research 
on the subject listed in the Report there 
will be general agreement, but it is desirable, 
even necessary, to consider whether tlie 
Central Drug Research Institute, established 
by the Council of Scientific & Industrial 
Research at Lucknow% would not serve 
the ])urpose which the Committee lias in 
view. An expert committee of the Council 
of Scientific Industrial Research has 
thoroughly examined the problems of medi- 
cal research in India, and the departments 
to be established at the Lucknow Institute 
are mostly tliose proposed for the new' 
Central Research Institute. It would l)e 
prudent to consolidate, strengthen and 


World’s First Dictionary of 


BkITAIN is FKODCCING A UNH)UE AND UN- 
usual work of reference. It is a Dictionary 
of Colours for Interior Decoration and 
will be the first of its kind ev'er to be 
published. Tlie dictionary wall contain 
standard specimens of 378 different 
colours. These are illustrated on both 
])lain and matt surfaces as well as on pile 
iabiic. lilach carries its owai individual 
reference number. 


develop established institutions rather than 
to add to their number, an addition being 
justified only if it is established, as a result 
of a thorough inquiry, that one or the 
other of the existing institutions cannot be 
made to serve the needs in viewa 
'I'he Committee s apjiroach to the jirob- 
lems of medical education and research is 
objective and scientific, and disclo.ses a 
width of outlook which is at once refreshing 
and stimulating. Its recommendations on 
the organization of medical relief in the 
country are characterized by reali^ u. The 
Committee may w^ell be proud oi having 
found “ a reasonable, practical and economi- 
cal approach to the jiroblem of medical relief 
to the peo{)le of this country in general and 
rural areas in particular without a violent 
disturbance of the existing state of affairs 
We feel sure that their plea that the scheme 
may be given a fair trial would find wide 
support in this country. 


Colours 


This reference volume should prove invalu- 
able not only to dyers and manufacturers of 
paints, fabrics and pottery, but also to the 
ordinary householder. It wall eliminate all 
confusion and debate over the nomenclature 
of various shades of any one colour. Also, 
by the use of the standard reference num- 
bers, it will make it possible to ensure perfect 
matching of shades either in interior decora- 
tion schemes or in dress fabric. [B.LSf) 



Dr. James William McBain, Director, 
National Chemical Laboratories, Poona 


D r. J-ames W. McBain, Professor of 
Chemistry emeritus at Stanford 
University in California, recently 
accepted appointment as Director 
of the National Chemical Laboratories in 
Poona. The appointment is for three years, 
beginning in October 1949. 

Born in Chatham, New Brunswick, Canada 
on March 22, 1882, Dr. McBain received his 
Bachelor of Arts degree from the Univer- 
sity of Toronto, Canada, in 1903, and his 
Master of Arts degree a year later. He was 
a student at the University of Leipzig for 
two years, and received a Doctor of Philo- 
sophy degree from Heidelberg University 
in 1906. 

Known as a world authority on soap, 
McBain's interest in this particular field 
began when he was a student at Heidelberg. 
McBain's researches on soap have contributed 
a vast amount of knowledge in the field of 
physical chemistry and at the same time 
has had wide practical application. 

During World War II, Dr. McBain did 
much vital war work at Stanford and his 
specialization was particularly important 
in certain aspects of synthetic rubber 
manufacture, in the problem of foaming of 
aircraft oils, and in the thickening of fuel 
for incendiary bombs and flame-throwers. 
This was the second time Prof. McBain 
had been engaged in such war work ; 
during World War I, when he was serving 
with the British Army in PTance, the 
British Munitions Ministry had called him 
back to England to do research in poison 
gases and explosives. 

Since 1947, when Dr. McBain became 
Professor of Chemistry emeritus at Stanford, 
his " retirement has consisted of conti- 
nuing research and scientific writing. In 
addition, he has supervised two Office of 
Naval Research contracts at the Stanford 
Research Institute — one on the depth of a 
surface liquid which led to important new 
discoveries concerning the molecular make- 


up of liquid surfaces, the other on the nature 
of bubbles in aqueous solutions. 

Prof. McBain’s publications in physical 
chemistry make a shelf of heavy volumes — 
he has published nearly 400 scientific papers 
on various topics in that field. 

He has been a councillor and vice-president 
of the h'araday Society, is a Fellow of the 
Royal Society, and was awarded that 
organization’s Davy Medal in 1939. He 
is a member of the National Institute of 
Social , Sciences, the American Chemical 
Society, the Bunsen Gesellschaft, the British 
Chemical Society, the Society of Rheology, 
the American and British Associations for 
the Advancement of Science, and Colloid 
and Structure of Liquids Committees of 
the National Research Council ( USJS ). 



Dr. J. W. McBain 



Characteristics of the Ionosphere 
over Calcutta ( January 1949 ) 


S. S. BARAL, S. N. GHOSH, R. K. MITRA, 

D. C. CHOUDHURY & (Miss) T. K. PAL 

Wireless Laboratory, University College of Science, Calcutta 


T he following are the ionospheric data 
observed at Calcutta for the month 
of January 1949. The observations 
were made at each hour of the day 
for 5 days a week. 

Fig. 1 presents the mean hourly values of 
the virtual heights and critical frequencies 
of the Fj layer and the critical frequency of 
the E layer in the graphical form during the 
month of January 1949. Fig. 2 gives the 
predictions of maximum usable frequencies 
which can be used for different distances of 
transmissions during April 1949 by reflection 
at the F region over Calcutta. Table I gives 
the list of occasions when E region ioniza- 
tion was found to be abnormal and the 




( 5 HOURS 54 MINUTES AHEAD OF G.M.T. ) 
Fig. 1 — January 1949. 



Fig. 2 — Predicted M.U.F. for transmission 
VIA Fg layer, April 1949. 


corresponciing penetration frequencies and 
heights. The frequency of occurrence of 
abnormal E ionization was high during 
some nights and also during the afternoon 
on some days. 

During the latter part of this month 
there was high sun-spot activity and 
day-to-day observations show that on 
some days the region F attained great 
heights and thicknesses during daylight 
hours and high ionization on the cor- 
responding nights. 
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TABLE I 




TABLE 

I - contd. 



Month & 

Datii 

Hour 



Month & 

Date 

Hours 



Ykar 




Year 







Mr. 

Km. 




Me. 

Kill. 

Jan. lV4y 

a 

17.00 

3-30 

120 

Jiiu. 1040 

11 

01.00 

2 20 

105 


18.00 

3 • 35 

120 



02.00 

2-20 

105 



21.00 

3-40 

120 



08.00 

3 45 

120 



22.00 

3 • 40 

120 



00.00 

3 35 

120 



23.00 

2-85 

120 







4 

03.00 

2-40 

120 


17 

15.00 

5 20 

135 



04.00 

4 05 

120 



1 6.00 

4 • 20 

135 



05.00 

4 45 

120 



17.(K) 

4-70 

135 



oe.tMj 

3 05 

120 



18.00 

2 30 

120 



07.(Mj 

3 20 

120 



21.00 

3 • 25 

120 



08.00 

3 • 20 

120 



23.00 

6 ()0 

1 90 


5 

J7.00 

3 .70 

135 








10.0(1 

2 15 

120 


IS 

0 1 .00 

5 20 

120 



20.00 

2 • 80 

120 



02.00 

3-50 

120 



21.00 

2 75 

120 



03.00 

200 

120 



22.00 

3 00 

120 



04.00 

2 35 

120 



23.00 

3 00 

120 



06.00 

2-30 

120 


ti 

(KJ.IKl 

2 00 

120 



10.00 

3 05 

120 



07.00 

2(K1 

120 








08.00 

3 • 25 

120 


20 

1 7.00 

3-20 

120 



1 6.00 

4 45 

1.35 



1 8.(K> 

2 • 50 

120 



1 7.00 

4 25 

135 



20.00 

2 • 70 

120 



1 O.IKI 

2 00 

120 



21.00 

3-30 

120 



20.00 

2 35 

120 



22.00 

2 70 

105 



21.00 

2-20 

120 



23.00 

2 70 

105 



22.00 

2 20 

120 








23.00 

3(KI 

120 


21 

(N).OO 

2 ‘ 30 

105 


7 

(K).OO 

215 

105 



03.00 

2 60 

105 



02.00 

2 • 00 

105 



04.00 

2 • 50 

105 



13.00 

5 15 

135 



05.00 

2 50 

105 



14.00 

5-20 

135 



08.00 

2 60 

120 



1.7.00 

5 20 

135 








10.00 

5 • 20 

135 


27 

18.00 

3 ■ 55 

120 



17.00 

5 00 

135 



10.00 

3 00 

120 



18.00 

2 • 60 

120 



21.00 

2 45 

120 



10.00 

2 10 

120 



22.00 

2 • 25 

120 



20.00 

2-30 

120 



23.00 

2-20 

120 



22.00 

2 - 10 

120 





23 .(Kl 

2-65 

120 


28 

00.00 

2 05 

105 


8 

00.00 

2 • 25 

120 



07.00 

2-2(» 

120 



04.00 

2 20 

105 



08.00 

3 05 

1 20 


10 

1 7.00 

3 10 

120 








1 8.00 

2-40 

120 


31 

18.00 

3 • 20 

120 



10.00 

3 00 

120 



21.00 

3 30 

120 



20.(X1 

2 -.50 

120 



22.00 

3-35 

120 



21.(KI 

2 10 

120 



23.00 

2*40 

120 


Opium Alkaloids — Recent 
Development in India 

B. K. MUKHOPADHYAY 
Opium Agent, Ghazipur 


O PIUM provides India with a raw 
material for the manufacture of some 
of the most important alkaloids used 
in medicine. The drug has been pro- 
duced in our country from time immemorial 
and has been used as a medicine and also to 
a considerable extent as an intoxicant. 


The invaluable medicinal properties of 
opium were recognized early by modern 
medical science. It was found out later 
that the essential properties of the drug are 
attributable to various basic substances 
contained in it, the most important of which 
are morphine and codeine, the latter being 
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constitutionally the methyl ether of the 
former. The use of the opium alkaloids, in 
the form of their soluble salts, in place of 
the crude drug itself has been adopted 
largely in modern medical practice because 
of the accuracy attainable in adjusting the 
dosage, adaptability of administration 
through injections, ease of handling and 
storage and other advantages. 

Morphine is the most valuable remedy 
for pain and consequent sleeplessness. Its 
use ( in the form of injections of its salts in 
solution ) is now firmly established for the 
treatment of internal haemorrhage. Mor- 
phine has a specific action on the alimentary 
canal, diminishing peristalsis, and is employ- 
ed in the treatment of diarrhoea and colic. 
In the treatment of insomnia of cardiac 
disease, morphine is extremely valuable 
because it does not affect the heart and 
peripheral circulation. 

Codeine is valuable in allaying cough, 
specially the cough of phthisis, and is useful 
also in insomnia, where the sleeplessness is 
due to incessant coughing. Equally with 
morphine, codeine decreases sugar in the urine 
of diabetic patients owing to its effect on sugar 
metabolism, but is not used in the treat- 
ment of diabetes. Habit formation from 
its continued use is almost unknown and it 
is used in the withdrawal treatment of 
morphine addiction. 

The quantity of morphine and codeine 
used for medicinal purposes annually 
throughout the world has been estimated at 
about 1,48,000 IbC Medical treatment on 
modern lines, howev^er, is as yet available to 
only a fraction of the world’s population. 
The demand for the drugs, therefore, is sure 
to increase, as medical facilities are extended 
to hitherto undeveloped countries. 


In India opium is produced solely under 
Government control ( annual production 
C. 7,000 maunds ). The major portion is 
used to prepare what is known as “ Abkari 
Opium ” or Excise Opium ”, i.e. opium 
for sale to the public for use as a household 
remedy and also for consumption by habi- 
tual addicts. Opium smoking is now illegal 
in India. The drug is either made into pills 
for swallowing or drunk after being mixed 
with water. A portion of tlie raw opium is 
specially made into ” medical ” opium cake 
and powder corresponding to E speci- 
fication for opium and opium pulvaratxtm 
respectively for sale to licenced druggists 
and pharmacists. Opium unfit for use for 
these purposes and waste opium is used 
for recovery of alkaloids in the Alkaloid 
Works attached to the Government Opium 
Factorv at Ghazipur. The quantity pro- 
duced is restricted at present to what 
is necessary to meet the demand in In- 
dia, viz. some 1,500 lb. of the principal 
alkaloids. 

The principal alkaloids present in opium 
are morphine and codeine. In Indian opium 
the amounts are roughly 10 per cent of 
morphine and 2 per cent of codeine. Of the 
minor alkaloids, thebaine may be mentioned. 
This is present to the extent of some 0*5 per 
cent in Indian opium. Authoritative litera- 
ture- mentions that Indian opium does not 
contain papaverine, another opium alkaloid 
found to the extent of up to 1 per cent in 
Turkish and Persian opiums. Recent work, 
however, carried out under the writer at the 
Alkaloid ITor/v’.s at Ghazipur has definitely 
established the presence of the alkaloid in 
Indian opium, though the quantity is only 
about 0*1 per cent, riie details of the work 
are being prepared for publication. 


Sni-nivisioN 

MS. 

MS. 

M.S. 

MS. 

M.S. 

M.S. 


max. 

min. 

10«o vV above 

9-10"o 

ri Rrr NT^ 

8 9^’„ 

oi o> i'hallan 

below 8 

F v'zabad 

12 15 

8 :i:i 

.5 2 4 

33 3 

14 0 

nil 

Cl ha/ i pur 

11 • 

s:i9 

40-7 

2‘» 7 

20 7 

nil 

Itudaiin 

1 2 ' (Ml 

S-45 

75 • 2 

17 1 

7 *'» 

nil 

Uareilly 

12 09 

7-88 

717 

19 0 

7 ♦> 

11 

CfOnda 

11-79 

8-28 

08 0 

15 2 

24 2 

nil 

Bara Banki 

1 1 8.j 

7-70 

49 :i 

•20 1 

23 • 2 

1 3 

.\zanigarh 

12 09 

8 -.39 

80-0 

111 

s-3 

nil 

Mandsaur 

12- 15 

8-22 

00 2 

23 1 

10- s 

nil 

1 ndore 

11-85 

8-17 

01 3 

23 S 

1.5 (♦ 

nil 

Partabifarh 

12-09 

8-:« 

74 4 

17-9 

7 7 

nil 

.laser 

11 74 

S-5« 

03 3 

30 • 0 

0- 1 

nil 

Sitamau 

1 1 85 

8 - 7i> 

75 - 8 

18-2 

0-1 

nil 

Necmuch 

11-74 

8 39 

.58-8 

27 • 5 

13-8 

nil 

/halawar 

11 -.W 

8-81 

.56 5 

34 • 8 

8-7 

nil 

Ratlain 

11-74 

8-92 

.50 0 

37 • 5 

12-5 

nil 

Sailana 

10-11 

8-. 50 

25 0 

50 0 

•25 0 

nil 

Piplaudha 

10-45 

8-75 

200 

00 0 

20-0 

nil 

Dewas 

11 91 

8-75 

50-0 

nil 

.50-0 

nil 

Nimbahira 

11-69 

8-28 

27-3 

36 • 4 

30 4 

nil 
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Another alkaloid, narcotine, occurs in 
Indian opium to the extent of some 5 per cent. 
No use has yet been found for this product 
in quantities sufficient to justify regular 
production. The table above would give 
an idea of the amount of morphine present 
in Indian opiums. 

For the recovery of morphine and codeine 
from, opium the “ Gregory ” process^ is 
adopted in India. The opium is exhaustively 
extracted with cold water, the extracts 
combined and concentrated and then treated 
with calcium chloride which converts the 
alkaloids into their soluble hydrochlorides. 
The solution is filtered and then evaporated 
to crystallization. The crystals are centri- 
fuged off the mother liquor and then treated 
with excess of caustic soda solution, which 
converts the morphine into the soluble 
sodium salt, and separates the codeine as the 
base. The latter is then separated by repeat- 
ed extraction with benzene and finally 
recovered after distilling off the solvent and 
purified. It is also converted into codeine 
phosphate or any other salt required. From 
the alkaline solution, morphine is precipita- 
ted by addition of ammonium chloride. The 
crude morphine is filtered off, redissolved 
in hydrochloric acid, treated with activated 
charcoal and filtered, the process being 
repeated until" the solution is sufficiently 
colourless. Afterwards, it is either evapo- 
rated to crystallization to produce morphine 
hydrochloride,, or the pure base is repreci- 
pitated with ammonia, filtered off and 
converted into the sulphate or any other 
salt. The method followed in Germany 
is to extract the raw opium with methylene 
chloride which removes the narcotine and 
papaverine. The residue is treated with 
lime water and filtered, whereupon the 
morphine and codeine pass on to the filtrate 
as the calcium compounds. They are sepa- 
rated as usual and made into the various 
salts and derivatives. The procedure is 
not suitable for adoption in India, because 
the solvent methylene chloride is not manu- 
factured locally and is difficult to obtain in 
sustained and regular supply from overseas. 

Owing to the greatly increased demands 
for morphjne salts and codeine during the 
last war, the Government Alkaloid Works 
was equipped with modern machinery and 
fittings for recovery of the alkaloids from 
opium on a large scale. The plant, however, 
could be brought into use only after the cessa- 
tion of hostilities. The capacity of the Works 
is now such that the present annual demand 


of the Indian market, viz. about 1,500 lb., 
could be produced in less than two months. 

The world demand for codeine is consider- 
able. Indian opium contains on the average 
about |th as much codeine as morphine. The 
prpportion is much lower in Turkish and 
Persian opiums. The consumption of codeine, 
however, is considerably more than that of 
morphine. Therefore, large quantities of 
codeine are also produced synthetically. 

The synthetic production of codeine con- 
sists essentially in methylation of morphine. 
The latter contains two hydroxyl groups in 
the molecule. One of these is phenolic, while 
the other is alcoholic. The hydrogen of the 
former, upon replacement by a methyl group, 
produces codeine. 

The classical method for methylation is 
analogous to the well-known Williamson's 
reaction, viz. by the action of methyl iodide 
on the sodium salt of the phenol : 

/ONa /OCH3 

+1CH3-“>N0H,,C,7 +NaI 
\'H ^OH 

The yield is, however, poor and the process 
has not proved to be economical enough for 
adoption on a commercial scale. A number 
of more suitable processes have been worked 
out of which the most successful method 
has been found to be the reaction employing 
trimethyl-phenyl ammonium hydroxide^ ; 

/ + MegVhN 

NO.H^,Ci 7 +OH.PhN(Me)3->NOHj^C^^ 

\ 

Morphine Codeine 

( dissolved in sodium ethylate ) 

The preparation of the methylating agent 
consists in treating dimethylaniline with 
methyl chloride in an autoclave : 

C3H5N(Me)3+Mea — C^K^(Me)^C\. 

The chloride is converted into the hy- 
droxide in the presence of alkali. During 
the last waf , the demand for codeine for the 
Defence Setvices in India was very urgent 
and synthetic production had to be attempt- 
ed. The work was taken up and carried out 
under the writer at the Control Laboratory 
of the Central Board, of Revenue at New 
Delhi. A tentative method was worked out 
and later developed using dimethyl sulphate® 
as the methylating agent following the usual 
procedure adopted for the manufacture of 
dionine (ethyl morphine). Codeine as the 
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phosphate was regularly produced in small 
quantities and supplied to Defence Services 
thereafter up to the end of the war. With 
the cessation of hostilities the demand eased 
off and the production has been given up. 
The Alkaloid Works at Ghazipur is being 
fitted up with adequate equipment to adopt 
the latest process to supplement any demand 
for codeine beyond what is recovered from 
opium during the manufacture of morphine. 
In the meantime, manufacture of codeine 
from morphine on a small scale is being 
carried out by use of trimethyl-phenyl am- 
monium hydroxide ( prepared in the labora- 
tory ) as ttie methylating agent 

Planning for the Future 

A market has to be found abroad for our 
surplus stocks of opium alkaloids. As 
mentioned earlier, the world demand for 
morphine and codeine is about 1,48,005 lb. 
annually. Out of this India could under- 
take to produce up to 10,000 lb. now and, if 
necessary, the forc(‘d production could be 
increased by providing additional units of 
equipment . The consumption of A bkari opium 
is bound to dwindle progressively, because 
the Government of India are committed to 
the policy of prohibition. International 
opinion also insists upon the prohibition of 
the use of opium as an intoxicant. It is, 
therefore, necessary to organize sale of 
Indian opium alkaloids in overseas markets 
as early as possible so that increased pro- 
duction of these drugs could be synchronized 
witli the decrease in the production of excise 
opium. The Government of India are 
making attempts to secure the overseas 
markets accordingly. A chemical industry of 
international importance would emerge out 
with the establishment of suitable overseas 
markets for the drugs and would bring in 
considerable profits to the nation. The 
profits which may be expected would be 
apparent from the following figures : 

Price per oz. Price per oz. 
in India in l .K. 

Morphine Rs. 20 j- Rs. 33/ 8/- 

Morphine 

hydrochloride 18/- 27/14/- 

Codeine 29/- 31/ 2/- 


Besides this expected direct profit, the 
resulting employment at home and prestige 
abroad are also to be recorded on the credit 
side. Sale of raw opium to foreign manufac- 
turers is an unsound proposition economi- 
cally, politically and from the point of inter- 
national prestige. The Government of 
India hav'e now restricted the sale of raw 
opium to foreign countries, and it is likely 
that such sales would be totally prohibited 
hereafter. 

As an illustration of the attempt that is 
being made by U.K. manufai urers to 
capture markets for opium alkaloids, it may 
be mentioned that the pre-war capacity of 
U.K. was 2-14 tons of these drugs corres- 
ponding to some 20 tons of ravv opium. 
During the year 1946 and 1947, however, 
U.K. purchases from India amounted to 
200 tons nearly. 

Field for Research 

As mentioned earlier, narcotine is a waste 
product of the opium alkaloid industry. 
'J'he constitution of this base has now been 
established. It is a tertiary base containing 
three methoxy groups, investigations would 
be worthwhile undertaking with the idea 
of manufacturing a chemical or intermediate 
for use, e.g. in the dye industry or in the 
manufacture of synthetic drugs. 

Another peculiar constituent of opium is 
ineconic acid, which is a cyclic compound con- 
taining two carboxyl groups and an alcoholic 
hydroxyl group in its molecule. Attention 
of organic research chemists is drawn to this 
compound which may be made available 
in considerable quantities. India’s want of 
organic chemicals in general and cyclic com- 
pounds in particular should be remembered 
in this connection. 
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Recent Developments in 
the Field of Highpolymers 

HERMAN F. MARK 

Polymer Research Institute, Brooklyn 


M ACROMOLECULAR substances are 
equally interesting and important 
from the scientific and from the 
practical angle ; their behaviour in 
solution and bulk can in most cases be 
explained by the existence of a net-work of 
entangled, long, flexible chain molecules, 
which attract each other by intermolecular 
forces and exhibit a certain tendency to form 
areas of higher geometrical order. The 
ultimate mechanical, thermal and electrical 
properties of such polymeric materials depend 
in a rather complicated mariner on the 
various qualities of the individual macro- 
molecules, and it will be the purpose of this 
paper to describe briefly our present knowl- 
edge of the connections between molecular 
structure and macroscopic properties of 
highpolymers. In order to obtain a vivid 
picture of the present state of development, 
I shall try to choose a number of actual 
problems in the field and explain how the 
application of certain rules has helped to 
improve the properties of polymers in a 
desired direction. The materials under con- 
sideration cover a wide range of mechanical 
behaviour, some of them are soft and rubbery, 
others are soft and plastic, others again are 
very hard and rigid and others finally are 
tough and flexible. From the practical 
point of view, highpolymers are used to 
make plastics, rubbers, films, fibres, or 
lacquers, etc., and it may be appropriate to 
discuss the modern trends in each of these 
fields and correlate the essential properties 
of representative materials with the structure 
of their molecules. 

Trends in Plastic Research 

One interesting line of development is, at 
present, to prepare organic plastics with 
very high softening points and with a great 
resistance to chemical changes at high tem- 
I)eratures. The normal organic plastics, 
polystyrene, polyethylene, polymethylmetha- 
crylate, have softening ranges around lOOX. 
and start to deteriorate around 400X. On 
the other hand, the inorganic' polymers in the 
]j)asis of silicates, borates, etc., which have 


softening ranges around and above 300'^C., 
exhibit distinct brittleness at lower tempera- 
tures and are stable up to 800° to 1,000°('. 
It would obviously be very interesting to 
bridge the gap between the softening range 
of organic ( 100°C. ) and inorganic ( 400°C. ) 
glasses and to have at our disposal trans- 
parent, colourless, hard but not brittle 
plastics which possess softening points 
between 100°C. and 400°C. and are chemically 
sufficiently stable to undergo reversible 
softening and hardening in the course of such 
processes as extruding, spinning, casting, 
injection moulding, etc. Let us consider the 
possible approaches to the solution of this 
problem. It will evidently be reasonable to 
start with the plastics already known and. 
explore how their properties could be 
modified in the desired direction. This leads 
us to the question : why is the .softening point 
of polystyrene so low ? The answer is : the 
molecules are of the hydrocarbon type and, 
therefore, do not exert exceptionall\' strong 
attractive forces on one another. They are 
also rather flexible and can easily slip along 
each other under the influence of thermal 
motion. The small attractive potential 
between the chains and their relatively hi<^h 
flexibility are the two reasons for the low 
softening. As a consequence of this motion 
we have two possible ways to raise the 
softening range : 

(1) to increase the mutual attraction 
between the chains ; and 

(2) to stiffen the individual chain mole- 
cules. 

Both ways have been taken and in both 
directions improved products were obtained. 
To increase the intermolecular attraction 
between the macromolecules it is necessary 
to introduce polar groups or groups of high 
polarizability. As one wants to keep the 
Jriaterial hydrophobic and electrically non- 
polar, one cannot use carboxyl, carbonyl or 
hydroxyl groups and is restricted essentially 
to such atoms and groups as the chlorine 
atom and the nitrile group. 

In fact, great success was obtained with 
such simple styrene derivatives as /)-chloro- 
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^-cyano-, 2,5-dichlor(), 2,5-dicyan() and 
2,4^6-trichloro styrene. They ^ cover a 
softening range from 100° to 150T. and 
have almost the same excellent electrical 
properties as polystyrene itself. I'here exist 
certain difficulties in reaching sufficiently 
high degrees of polymerization with these 
materials and arriving at completely colour- 
less samples ; but there is little doubt that 
these difficulties will be overcome as one 
obtains monomers of high purity and works 
out appropriate catalysts and activators. 
The introduction of polar groups with a 
high attractive potential can also be effected 
by copolymerizing styrene with a monomer 
containing such a group. In this case one 
does not depart from the cheap and readily 
available basic monomer completely, but 
modifies it with a comparatively small 
amount of an auxiliary monomer. In view 
of water repellencv and electrical properties 
it is again indicated to use the nitrile group 
or the chlorine atom. In fact, copolymers of 
styrene with acrylonitrile, fiimaronitrile, 
vinylidene cyanide and pentachlorostyrene 
liave been y)repared. Their softening ranges 
extend from 100° to 200T. ; their electrical, 
mechanical and ojnical ])roj)erties are ])er- 
fectly acceptable. l{qually successful was 
the other line of approach, namely the 
synthesis of chains with lesser internal 
flexibility. Macromolecules of the poh’- 
styrene type can be best stiffened by intro- 
ducing larger side groups which impede the 
free rotation about the single carbon-carbon 
bonds in the backbone chain. Polymers 
of vinylnaphthalene, vinylphenanthrene, 
\ iny Ifluorene , viny Icarbazole , acenaphthalene 
and vinxldibenzofurane have been prepared, 
and it was, in fact, found that they cover the 
softening range between 150° and 250T\ and 
still have excellent optical, mechanical and 
electrical properties. It is evident that one 
also can combine the two principles enu- 
merated above and can, at the same time, 
stiffen the chains and introduce groups of 
strong intermolecular attraction. Materials 
such as the copolymer of fumaronitrile and 
vinylfluorene or as the ])olyvinyltetrachloro 
naphthalene and the poly-dichloro-/> dichloro- 
diphenyl ethylene are examples for .such 
combinations. 

It seems that one can arrive at hard, 
tough, transparent, colourless plastics wiiich 
have softening points up to 300T. and 
exhibit excellent electrical j)ro}x?rties and 
remarkable chemical stability. In order to 
illustrate the principles involved, we have 


started with yxdystyrene as original polymer 
and have introduced chemical changes in the 
monomer or applied ('opolymerization to 
arrive at higher softening plastics We can, 
of course, also start with pohmiethyl-metha- 
crylate and introduce analogous modifica- 
tions. They have, in fact, been carried out 
in various ways and one lias found that the 
introduction of polar groiqis in the chloro- 
and cyano-acry kites, the copolymerization 
of methacrylates with acrykuiitrile. fumaro- 
nitrile, etc., and the introduction of bulky 
groups in phenacrylates, cycloliex 1 metha- 
crylates, etc., leads to a whole series of 
interesting polymers which combine excellent 
moulding properties with perfect optical 
clarity, remarkable ageing performance and 
with softening ranges uj) to 250°(\ 

\'ery interesting materials are olitained if 
one uses ]iolycthvlene as a starting material. 
Poly viny Ichioride, poly vinylidene chloride 
and polyacrylonitrile are the simplest ma- 
terials which one obtains if one starts intro- 
ducing polar groups into the backbone chain 
of polyethylene. The softening range rises 
from 100° to about 250°('. and an almost 
incredible number of useful tilings can be 
made from these three ])olymers in the pure 
and plasticized state. 

Copolymerization of ethylene with polar 
monomers also leads to higher softening 
materials : it meets, however, with the 
difficulty that etln lcne, as an almost perfect 
gas, has to be polymerized and copolymerized 
under very high pressures which adds to the 
cost of the final })roduct and makes copoly- 
merization with a liquid monomer somewhat 
difficult. The third ])ossibility, namely the 
stiffening of the principal chain by heavy 
substitution has led to a whole series of 
extremely interesting new plastics which 
have softening ranges as high as 350°C. and 
can be exposed to temperatures up to 4()0°C. 
for a ])rolonged periotl without decomposing. 
The first material of this type was the poly- 
tetra-fluoro-ethvlene which represents a 
relatively soft, fatty, opa(]ue material of 
excellent electrical properties, extreme tough- 
ness and a softening range near 350°r. It 
is very stable against any kind of chemical 
attack but has the disadvantage that it 
cannot be dissolved and not really be molten. 
Around 350°C. it sinters to a very viscous. 
opa<|ue mass which can be brought into 
certain forms by high pressure. Much 
better moulding properties are exhibited by 
the poly-trifiuoro-monochloro-ethylene which 
melts to a transparent mass around 300°C. 
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and has otherwise almost the same electrical, 
mechanical and chemical properties as the 
poly-tetra-fluoro-ethylene. A l^irge number 
of other heavily substituted ethylenes have 
been, and are being, studied in connection 
with the syntheses of high-softening plastics ; 
they all follow the principles outlined above 
either to distribute groups with strong 
molecular attraction along the chains or to 
decrease the internal flexibility of them. 
Summarizing, it can be said that the applica- 
tion of these working hypotheses has been 
extremely successful and that, as a conse- 
quence, we know today about 50 organic 
polymers, the softening point of which cover 
the whole range from 100° to 350°C. 

Synthetic Rubbers with 

Exceptional Qualities 

There exists a few exceedingly interesting 
problems in the field of synthetic rubbers. 
One of them is to produce substances which 
maintain a long-range low-modulus elasticity 
do^n to temperatures as low as — 80°C. or 
— 100°C. without being too soft at room tem- 
perature and above. The typical rubber-like 
elasticity of polymeric materials is connected 
with the presence of very long and very 
flexible chain molecules which are linked to 
each other by a few strong bonds. To comply 
with our requirements it is, therefore, neces- 
sary to build up an irregular molecular net- 
work of chains which have a very high inter- 
nal flexibility, do not exhibit any large overall 
attraction in respect to each other but are 
firmly connected with each other by strong 
bonds being distributed in a random and 
infrequent manner over the whole system. 

A rubber can, in this sense, be considered 
to be a very fluid liquid with a superimposed 
system of widely scattered and irregularly 
arranged fix-points. These strong inter- 
molecular bonds, which do not break during 
ijeversible extension and contraction of the 
samples, are responsible for the reversibility 
of the deformation. Their infrequent occur- 
rence permits a long-range extension and 
rapid change in shape. Such fix^point systems 
can be produced in different ways, the most 
familiar being the vulcanization or curing of 
rubber with sulphur pr sulphur compounds. 
One can also establish other strong chemical 
bcftids between the magtomolecules of the 
rubber material with the aid of poly functional 
monomers, di-t‘so-cyanates, peroxides, etc. 

It is not neceissary that the permanent cross- 
links of the flexible molecular net-work must 
be established by primary valence forces ; 


they can also be caused by very strong 
adsorption of interfacial attraction. 

This is probably the reason for the subs- 
tantial improvement of the reversibility of 
contraction if one incorporates into an 
uncured rubber stock active fillers with large 
specific surfaces such as carbon black, zinc 
oxide and the like. Parts of the flexible 
rubber chains are strongly adsorbed and 
firmly held at the surfaces of the very .small, 
colloidally distributed carbon black particles, 
which assume in this manner the role of 
strong irreversible cross-links. Finally, it is 
possible to establish strong, if not perma- 
nent, bonds between the flexible chains by 
forcing small crystallized domains in the 
rubbery material. These minute areas of high 
lateral order of the macromolecules prevent 
them from slipping along each other in an 
irreversible manner and avoid the occurrence 
of a permanent set, even if the material is 
kept at a high elongation of a prolonged period. 
On releasing these crystals melt again and 
the contracted sample reassumes its soft and 
easily extensible character. One can also 
express this situation by saying that uncured 
rubber builds up its own cross-linking system 
of fix-points as it is more and more elongated 
by producing here and there a very small 
crystallized arc in which the chains are 
bonded together so firmly that they cannot 
slip along each other irreversibly and do not 
permit the development of a permanent set. 
As this process of crystallization progresses 
with increasing extension, the material 
becomes stiff and hard, as most rubbers do 
in the domain of high elongation and would 
stay so if the crystalline domains would not 
melt again as soon as the external forces 
cease to act. If one wants to have in a 
synthetic rubber the advantages of such a 
self-produced, well-controlled fix-point system 
and, at the same time, requires that the 
material should be soft and elastic at v^ry 
low temperatures, it is apparently necessary 
that the crystals produced during stretching 
possess a very low melting point. 

One structural requirement of a rubber 
which can be successfully used at very low 
temperatures will, therefore, be that its 
macromolecules should have a certain ten- 
dency to crystallize but that these crystals 
should have a melting ppint or melting range 
as low as —80® or — 100°6. Let us now con- 
sider the significance of the fluid part of the 
structure, namely of the randomly entangled 
net-work of flexible chains which represent 
the bulk of the rubber material. This 
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]iquid-like system is responsible for the ten- 
dency of a stretched piece of rubber to ron- 
tract and to return to its original shape. In 
the normal, unstretched state these molecu- 
les represent a mass of randomly coiled and 
irregularly entangled chains, the individual 
segments of which can move past each other 
with a certain ease similar to the way the 
molecules of a viscous liquid can be displaced 
by the phenomenon of laminar flow. The 
higher the viscosity of a liquid, the slower 
is the displacement of its molecules under a 
given external force, and hence, the higher 
the internal viscosity of a rubbery material, 
the slower it will move if one attempts to 
deform it. That shows that if we want to get 
an easily deformable soft rubber, we must 
keep the internal viscosity as low as possible 
in order to make all reactions of our material 
as rapid and instantaneous as possible. 

If one subjects a cluster of such randomly 
entangled, flexible polymer molecules to an 
external shearing force, their segments will 
flow as if they \vere individual molecules of a 
viscous liquid and, as a consequence, the long 
chain molecules will be disentangled, straight- 
ened out and oriented. This brings them 
into a state of decreased randomness which, 
according to the second law of thermo- 
dynamics, will have the tendenc\' to go back 
to the original higher degree of randomness 
as soon as the external conditions such as 
temperature, pressure, acting mechanical 
forces, etc., permit. This is exactly what 
happens if we relax the stress at the extended 
rubber sample : the chains try to return to 
the state of maximum randomness ( maxi- 
mum entropy), coil up in an irregular manner 
and the sample contracts back into its original 
unoriented state. The degree with which 
this return is reversible depends upon 
whether any permanent displacements have 
occurred in the system and is connected with 
the strength of the fix-points which we have 
discussed abov^e ; the rate with which a 
given rubber material returns into the 
relaxed state depends upon the viscosity of 
the mass of irregularly entangled chain 
segments. If this viscosity is high, it will 
take a long time until an individual chain 
segment will diffuse back into its most 
probable position under thf influence of the 
thermal motion, the avCTage kinetic energy 
of which one degree of freedom is given by 
As a consequence the change in shape 
of a stretched band of such a material is 
slow ; it creeps back into the original, un- 
stretched shape and vrtll be a slow and 


sluggish rubber. On the other hand, if the 
viscosity of the rubbery liquid is small, the 
individual segments will move very rapidly 
and we shall have a quick and snappy rubber. 

If we want this property to extend to very 
low temperatures, we must try to avoid that 
the internal viscosity increases with decreas- 
ing temperature, which is particularly im- 
portant because the retracting tendency 
decreases with lowering of the temperature, 
as it is proportional to kT. This brief and, 
evidently, only qualitative analysis of our 
problem permits us to summ ize the 
requirements for a material which remains 
rubbery even at very low temperatures as 
follows : we should synthesize long, flexible, 
chain molecules which have a very small 
internal viscosity in the randomly entangled 
( amorphous ) state. This viscosity should 
not increase too much with a lowering of the 
temperature and should, if possible, still be 
fairly small at -80°C. or ~ lOO'^C. The mole- 
cules should have a good facility to crystallize 
as soon as they are parallelized by our 
external force, but the crystals should have 
a melting point as low as indicated above. 
If a material of this chaiacter is to be used 
with success at higher temperatures, it will 
be necessary to superimpose over it a system 
of permanent chemical cross-bonds. Hence, 
our molecular chains should contain here 
and there, at irregular and infrequent 
points, certain atomic groups which permit 
the establishment of chemical cross-links. 
In this way we have now reduced our 
practical requirements of macroscopic beha- 
viour to certain features of the molecular 
structure of the desired material and we shall 
now, as the next step, discuss the chances 
which exist to arrive actually at substances 
which combine the above molecular feature. 
Starting with the most essential requirement 
of a low internal viscosity and of a small 
temperature coefficient of it, one is evidently 
led to substances having a low overall inter- 
molecular attraction, that is to hydrocar- 
bons or fluorocarbons. The presence of polar 
groups along the chains will certainly be 
unwelcome, not only because of their strong 
intermolecular attraction, but also because 
they would impart to the material a certain 
degree of swelling in water, which is obviously 
not desirable in a material for our purpose. 
At first sight one could be inclined to think 
that polyethylene would be a suitable 
polymer for a low temperature rubber, 
because the material crystallizes easily and 
has no particularly attractive forces ; but it 
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turns out that the chains of this polymer are 
so smooth and can be packed so easily in a 
crystal lattice that the melting point of the 
crystalline phase is too high. It is true that 
polyethylene remains soft and flexible even 
at very low temj)eratures but it does not 
exhibit any long-range, reversible elasticity 
because of the limited flexibility of the 
normal paraffin chain and of the too easy 
crystallizability of the material. It appears, 
therefore, rea.sonable to consider spacing the 
individual chain somewhat farther away to 
make the crystal lattice less stable. It is 
understood that we should not prevent 
crystallizability altogether, because we want 
crystals to be formed during extension in 
order to get a gradually increasing number 
of fix-points, but the crystallized domains 
should be so unstable that they will melt at 
very low temperatures. If we first consider 
using methyl groups to space the chains 
laterall}^ farther apart, we are led to poly- 
propylene. This polymer has received con- 
siderable attention, but for some reason it 
has not yet been possible to synthesize 
samples of sufficiently high degree of poly- 
merization to produce a rubbery material 
of high strength. The next material is 
polyisobutylene which can be polymerized 
to very high polymerization degrees and is, 
in fact, an outstanding synthetic rubber with 
excellent properties at very low tempera- 
tures. It crystallizes remarkably easily upon 
extension but the crystals disappear again 
upon relaxation at verj^ low temperatures. 
In order to facilitate vulcanization, iso- 
butylene has been copolymerized with small 
amounts of isoprene or dimethyl butadiene, 
introducing widely spaced double bonds 
along the chains which are capable of reacting 
with sulphur and produce strong cross-links 
between the macromolecules. Considering 
polydienes it would appear that polybuta- 
diene is a ho{)eful candidate. The conditions, 
however, are less favourable than one Would 
expect because of the following facts : 

(a) If the material is a pure l*4-addition 
product, one has possibilities for cis-trans 
isomerization. A continuous trans chain is 
probably the actual configuration of this 
polymer ; it is somewhat similar to poly- 
ethylene and forms too stable crystals to be 
good at low temperatures. If it were 
possible to synthesize a continuous ci$ chaim 
it would probably be a polymer whicn 
crystallizes easily and at the same time 
forms crystals having a low .melting point. 
Jt has not yet been possible to prepare such 


a material but its synthesis evidently would 
offer an interesting chance to arrive at a 
cheap superior low temperature elastomer. 
A polymer in which cis and trans configura- 
tions alternate randomly would be a good 
material from the point of view of general 
softness, but would probably not crystallize 
and, therefore, not be an ideal solution 
of our problem although it might have good 
properties at low temperatures, it hardly 
would satisfy expectations at normal and 
somewhat elevated tem{>eratilres because 
of lack of crystallization. 

(b) Idle introduction of one methyl group 
in the 2 or 3 position leads to isoprene, the 
cis polymer of which is natural rubber, 
whereas the trans polymer is guttapercha. 
Looking at the molecular models of these two 
isomers it becomes evident that the smooth, 
paraffin-like chains of guttapercha can be 
much more easily arranged in a crystal 
lattice than the bulky and kinky chains of 
rubber. As a consequence the crystals of 
rubber have a much lower melting point 
than those of guttapercha. Both materials 
crystallize upon stretching, but rubber re- 
laxes vigorously and rapidly while gutta- 
percha remains in its stretched, and oriented 
state up to temperatures of about 70T. 
Synthetic poly isoprene is probably a mixture 
of the two isomeric configurations and has, 
in fact, properties which are somewhere 
between rubber and guttapercha. The use 
of two methyl groups in the 2 and 3 position 
as spacers has first led to a polymer whicli 
was very soft but did not show sufficient 
strength to be regarded as a good synthetic 
rubber. However, it secures that the poly- 
merization degree of these materials has not 
been high enough to permit the development 
of superior properties. Recent experiments 
have, in fact, shown that very interesting 
rubbers can be made from 2,3-dimethyIbuta- 
diene alone or in conjunction with other 
monomers such as isobutylene and styrene 
if the reaction is carried out under such 
conditions that a high degree of polymeriza- 
tion is reached. Another interesting case in 
which methyl groups are used as spacers is 
that of the poly-di-methyl-siloxane which 
contains backbone chains of — Si— O— links 
flanked by methyl groups. It is not easy to 
produce very long chains of this type but 
several attempts have shown that if one 
succeeds in preparing them, the resulting 
products are rubbery and maintain their 
reversible elasticity down to very low 
temperatures. 
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(c) Chloroprene and fluoroprenc can be 
polymerized to ^nve rubbers with very 
attractive properties in which the chlorine 
and the fluorine atoms act as spacers. Both 
polymers show excellent reversible crystal- 
lization upon stretching. Polyfluoroprene 
maintains its rubberiness down to lower 
temperatures than [lolychloroprene and is 
also more stable against the attack of various 
chemical reagents. It means also that the 
ethyl, isopropyl, isobutyl and tertiarybutvl 
groups can be effectively used as spacers or 
internal plasticizers in polyvinyl and poly 
butadiene type compounds such as jiolyvinvl 
isobutylether or poiyethyl butadiene which 
show surprisingly good behaviour at low 
temperatures and are also performing well 
at elevated temperatures as soon as the 
|)olymerization degree is high enough. 

It .seems, therefore, that the principle of 
internal plasticizers by spacing of the back- 
bone chains offers interesting leads on how 
to achieve a decrease of the viscosity of the 
elastic liquid in a rubber and hence is a good 
working hypothesis for the synthesis of 
rubbers which remain soft and elastic even 
at very low temperatures. 

New Developments in Fibres & Films 

A very important field of practical applica- 
tion of macroniolecules is the production 
of fibres and films, where many problems 
are still awaiting solution. The most out- 
standing property of a textile fibre is its 
ultimate tensile strength. In textile industry 
this is expressed in gm, ])er denier ( where 
“ denier measures the cross-section of the 
filament under con.sideration ). The tensile 
strengths of natural fibres are given 
briefly in the following table : 

W’ool ranges from 0-8-2-2 gm. per denier 

Cotton ,, 1 •5-4*0 

Silk ,, 3-5-5-0 

Hemp, flax, 

ramie ,, 4*0 to 8-0 ,, 

The next important textile property is 
the elongation to break, which expresses 
how far a filament can be extended before 
suffering irreversible damage in form of a 
break. The protein fibres — wool and silk — 
have relatively high elongations to break, 
which range between 20 and 40 per cent, 
whereas cotton breaks at elongations around 
10 to 15 per cent and the stronger cellulose 
fibres between 5 and 8 per cent ; these fibres 
are strong but stiff. They are useful for 
many a practical application but leave 


many otlier textile problems unsolved. It 
has, therefore, been a particularly attrac'.tive 
problem of fibre chemistrx’ to prepare fibres 
which combine high tenacity with high 
(dongation to break. Before we dis('uss the 
possible ways for the solution, let us first 
consider the conditions in the case of tlie 
natural fibres. 

(a) I^roteins are built up from polypeptide 
chains which carry many different substi- 
tutes and are characterized by the occurrence 
of a CONH ( j)eptide ) group in the backbone 
chain. 'Fhese groups start stroi ' inter- 
molecular attraction between the long chains 
and, in general, favour the existence of 
crystalline domains. Whenever the substi- 
tutes are not too irregular such as in silk 
and in various synthetic polypeptides, one 
obtains relativeiy well-crystallized fibres 
which have a remarkable strength, but also 
a high elongation becau.se there remains 
always a considerable part of the material 
in the disordered state, b'or the great 
internal flexibility of th(‘ polypeptide chain 
these amorphous domahis exhibit rubber- 
like elasticity and are responsible for the 
relativel\' large reversible elongation of silk 
and other natural and synthetic protein 
fibres which exhibit crystallinity. If the 
substitutes at the poly}>e]Tide chains are of 
various nature and irregularly distributed, 
they impede crystallization and prevent the 
development of high strength. 1^'ibres of this 
type, such as hair or wool, have, therefore, 
low tenacities but remarkably high reversible 
elongations. 

Cellulose, on the other hand, consists of 
long chains of glucose which are intrinsically 
much stiffer than the ]>olyj)eptidc chains and 
carr\ a large number of hydroxyl groups 
which make strong intermolecular attraction 
possible. Cellulo.se fibres, as a consecpience, 
are intrinsically stiffer than protein fibres 
but can ha\ e a very high tensile strength as 
.soon as the chains are arranged so regularly 
that most of tlieir hydroxyl groups contri- 
bute to intermolecular bonding. In such 
ca.ses, howe\’er, the elongations to break 
become very small. If one wants to com- 
bine high tenacity with high elongation to 
break, it will obviously be necessary to 
build up long molecular chains of a high 
degree of internal flexibility which, at the 
same time, show a considerable tendency 
for crystallization. Evidently, it is neces- 
sary to strike a delicate balance ; if the 
tendency for crystallization l^^comes too 
great, not enough of the material will be left 
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in the amorphous state and the fibres will be plastic character and, in the limit, have the 
very strong but stiff. If, on the other hand, characteristic properties of polyethylene, 
the flexibility is overwhelming and the inter- They are very interesting products as far as 

molecular attraction too weak, there will ^injection moulding is concerned, but are not 
result a material with a low stitlening point, really outstanding fibre formers. Recently 
which will not give the necessary strength it has be^n • found that high-withstanding 
to fibres made out of it. Most recent and easily crystallizable polyesters can be 
approaches to synthesize superior textile obtained if one combines ethyleneglycol with 
fibres are of different ways to arrive at a aromatic dicarboxylic acids such as teriph- 
compromise between the flexibility of the thalic acid, diphenyl-dicarboxylic acid or 


backbone chain of synthetic macromolecules 
and the magnitude of intermolecular attrac- 
tion between them. Probably the most 
successful solutions, at present, are the 
polyamides or nylons. There one maintains 
the peptide group CONH as the element 
which provides intermolecular attraction 
but eliminates the bulky side groups which 
space the individual chains apart, loosen 
the structure up and prevent the develop- 
ment of high strength. If one would stick 
to ff-amino acids, however, one would arrive 
at very highly crystalline materials which 
are infusible, insoluble and give very strong 
but stiff fibres. Somehow one has to insert 
the element of flexibility without interfering 
too much with intermolecular attraction. 

In the case of nylon this is done by intro- 
ducing between the peptide groups along the 
macromolecules, relatively long, flexible 
paraffin chains of 6, 8 or 10 carbon atoms. 
These hydrocarbon segments do not contri- 
bute to the intermolecular attraction but 
they do not space the chains apart and 
hence do not lessen their lateral cohesion ; 
they only introduce internal flexibility and, 
hence, facilitate the development of rubberi- 
ness in the structure. This leads to fibres 
which can be crystallized to a considerable 
extent by cold drawing and as a consequence 
possess tenacities as high as 8 and even 9 
gm. per denier. The forces which bond the 
macromolecules laterally are essentially 
hydrogen bridges between the NH groups 
of one chain and the CO groups of the 
adjacent chains. They represent a rather 
strong lateral bonding and are responsible 
for the high melting point of the various 
nylons and for the strong resistance against 
swelling agents and solvents, all properties 
which are extremely valuable from the 
textile point of view. There are, however, 
even after cold drawing, enough disordered 
areas left to provide for a considerable 
amount of reversible elongation and for a 
high elongation to break. The longer the 
inter-spaced hydrocarbon- chain pieces are, 
the polymers assume a more and more 


naphthalene dicarboxylic acid. 

These acids introduce into the chain a 
certain element of stiffness which facilitates 
crystallization in spite of the fact that the 
lateral binding between the chains is not 
excessively high and makes this special 
group of polyesters, the so-called terylenes, 
to be particularly interesting polymers for 
the production of strong, high-binding fibres, 
which have somewhat less extensibility 
than the polyamides but compare favourably 
with them from the point of view of molecules 
and price. If one wants to make a fibre 
of rubber-like character, it will obviously be 
necessary to maintain a few irregularly 
spaced, relatively strong lateral bonds be- 
tween the chains, but space them otherwise 
sufficiently apart and weaken their average 
intermolecular attraction so that they will 
form crystalline domains if parallelized, but 
crystalline domains of such low stability, 
that their lateral order collapses again as 
soon as the stress in the filament is released. 
One way of achieving this goal is to use a 
mixture of several dicarboxylic acids, glycols 
or diamines instead of only one type of each 
cojnponent. This blending produces an 
irregular arrangement of the points of strong 
lateral attraction along the length of the 
macromolecules ; at those points, where CO 
and NH groups of adjacent chains are in 
favourable position, there will be consider- 
able intermolecular attraction, whereas in 
between, where the CO and NH groups 
of neighbouring chains are out of phase, 
there will be only weak lateral attraction. 
Fibres of films made out of such polymers 
show, in fact, typical long-range, rubber-like 
elasticity. Another way to arrive at the 
same result is to space the chains apart by 
bulky, non-polar substances and to reduce 
the frequency of lateral hydrogen bonds by 
using alkyl-substituted diamines. It is evi- 
dent that many combinations are possible 
to introduce the principles of rubberiness 
in a polyester, polyamides or polyurethanes 
and their sorts, in fact, a whole spectrum of 
polymers of this type ranging from low 
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melting, tacky rubbers to rigid, strong and 
high melting plastics and fibres. 

If one applies our general principles to the 
question of fibre-forming polyvinyl deri- 
vatives, it becomes evident that the follow- 
ing factors have to be combined : high 
molecular weight, strong intermolecular 
attraction, sufficient internal flexibility of 
the chain, high stability against the action 
of heat, light and oxygen. Many polyvinyl 
derivatives have been studied from the 
point of view of their units as fibre formers 
and, in fact, relatively good filaments can 
be obtained from polyvinyl alcohol, polyvinyl 
chloride and polyvinylidene chloride. It 
means, howev'cr, that a real satisfactory 
economic compound of all of the above- 
mentioned qualities have only been obtained 
by the use of polyacrylonitrile. Fibres 
spun of solutions of this material are called 
“ orlon ” and combine high tenacity, soft 
handle, good resistance and pleasant lustre in 
a remarkable manner. They excel also most 
other textile materials in their resistance 
against the deteriorating influences of out- 
door uses. It is very probable that other 
polymers, particularly copolymers consist- 
ing of two or more vinyl and acryl-type 
monomers, will perform equally well and, 
maybe, even better than “orlon” in certain 
special requirements. 

Altogether it can be said that the modern 
full synthetic fibres are distinctly superior 
in most qualities to their natural counter- 
parts, the only unsolved problem being at 
present a synthetic material of wool-like 
character with high tensile strength and good 
resistance against atmospheric influences and 
moulds. 


Turning finally to the discussion of fibre- 
forming polymers, their main requirements 
are briefly enumerated and discussed. Qua- 
lities like clarity, transparency, good resist- 
ance against tear and high softening points 
are evident, but others such as flexibility 
at low temperatures, heat capacity and 
resistance against the permeation of water 
vapour are also of great importance. 

Cellulose, in the form of cellophane, is a 
fairly satisfactory material for many pur- 
poses, but its tear strength is relatively poor ; 
it has no heat-sealing capacity and ffers no 
resistance against the diffusion ot water 
vapour. The two last properties can be 
successfully improved by coating cellophane 
wdth a thin layer of a heat-sealing hydro- 
phobic resin, a procedure which leads to an 
improved type of cellophane. It would, 
however, be more satisfactory and probably 
at the end also more economical if all essential 
properties were combined in one single 
polymer. As a consequence, many studies 
are carried out on exploring the fibre* forming 
properties of such materials as polyethylene, 
polyacrylonitrile, polyvinylidene chloride, 
polyesters, polyamides, etc., w'ith the result 
that there is an almost unlimited number of 
polymers and copolymers which combine 
the above-mentioned natural properties of 
fibre- forming material in many different 
w'ays and lead to fibres of very attractive 
and interesting |)rop(Tties. It would pro- 
baWy be premature to sa\' which of these 
polymers will finally win out as the best 
and cheapest solution of the problem, 
but it is evident that a rather rapid 
technological development is ahead of us in 
these fields. 



German Dyestuff Industry 


K. VENKATARAMAN 


I — L G. Farbenindustrie, Hochst 

T he /. G. Farbenindustrie has already 
been reported upon by several British 
and American teams of workers. The 
object of the visit by the present team, 
consisting only of one person, was to make a 
few observations regarding the plant and 
processes on which information was not avail- 
able at the time. 

Hochst occupies an area of about 370 
acres and normally employed 12,000 workers. 
The factory manufactured a very wide variety 
of dyes, intermediates, pharmaceuticals, 
heavy chemicals, etc. The factory generates 
its own power using boilers operating at 
100 atm. 

It was stated that much of the plant at 
Hochst was manufactured in their own 
engineering workshops. Hochst had 90 
engineers and 2,000 skilled workmen in the 
engineering section. Rubber lining and 
plastic lining ( the main plastics used being 
Igelit, polyvinyl chloride ) were carried out 
locally, but enamelling was entrusted to 
Eisemi’erke Kaiserslauten, Kaiserslauten, 
Palat ilium. 

The Hochst plant was characterized 
throughout by good lighting, ventilation, 
excellent layout and generous spacing for 
convenient working up and movement of 
materials, logical arrangement of plant, and 
availability of spare units enabling the factory 
to cope with sudden and varying demands. 

The products on which reports are append- 
ed may be classified as follows : 
Intermediates : 

(a) Aliphatic 
(b) Aromatic 
Dyes 

Miscellaneous chemicals 

I n t e r m e d i a t e s 

(a) Aliphatic 

Dimethyl sulphate — Dimethyl ether was 
supplied by the LG. Factory at Leuna in 
12-ton tank wagons under 8 atm. pressure. 
Dimethyl ether was a by-product at Leuna. 

Diethyl sulphate — This 'was made from 
92 per cent ethanol. The process from ethy- 
lene was also employed. 


Aceioacetic ester ( Ethyl acetoacetaie ) — 
The process was worked under licence from 
Alexander Wackenverke, Munich. The nor- 
mal capacity was 120 tons a month, but 40 
tons a month are now being produced, the 
production having commenced in the third 
week of June 1946. The plant was construct- 
ed in 1935-36, and part of the equipment was 
supplied by W acker. 

Acetoacetic ester is prepared in the phar- 
maceutical section, but over 60 tons per 
month were used for dyes. The keten method 
was probably cheaper, but was not used at 
Hochst since the \V acker process was found 
to be more convenient to handle. 

Detailed processes for diethyl sulphate and 
benzoyl acetic ester are appended ( App. 
2, 3 ).* 

Chloracetic acid — The monthly capacity 
was 300 tons, and the process employed is 
interesting. A solution of trichlorethylene 
is reacted at 130''-140°C. with water or aque- 
ous sulphuric acid in a solution of about 50 
j>er cent monochloracetic acid in sulphuric 
acid of 97-98 per cent, while the monochlor- 
acetic acid formed and dissolved in sulphuric 
acid is continuously run out of the reaction 
vessel. The hydrogen chloride evolved is 
used for esterifying methanol. The reaction 
vessels are of cast iron, jacketed for steam. 
The product is purified by continuous vacuum 
distillation. 

(b) Aromatic 

Aniline — The conventional iron reduction 
process is adopted at Hochst and Uerdingen, 
and a catalytic reduction process at Ludwigs- 
chdfen. Dr. Lanz, Head of the Intermediate 
Section, wasbf the impression that the cataly^ 
tic plant at Liidwigschafen sometimes gave 
trouble, and aniline was often supplied to 
Ludwigsehafen by Hochst. Dr. Lanz did not 
know the precise difficulties associated with 
the catalytic plant, but he personally pre- 
ferred the ordinary iron process. At Verdin- 
gen the iron oxide sludge was converted 
into pigments, but not at Hochst. Hochst* s 


♦The appendices given here represent a selec- 
tion of pr(x:esses which have not been reported 
upon by other investigators. 
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capacity for aniline was 15 tons per day, 
using 5 kettles of 12 cu. m. ♦ There was no 
-special specification for the iron employed, 
but this was necessary if the iron oxide 
sludge was to be ultimately employed for 
pigment manufacture. The iron used at 
Hochsi came mainly from the Opel auto- 
mobile plant in the neighbourhood. 

Chlorobenzene used to be supplied from 
Bitterfeld, where it was made by the 
ordinary batch process, but a continuous 
plant making 30 tons per month is now 
working at Hochsi and 3 ^nore units are 
under construction. The separation of 
chlorobenzene from dichlorobenzene is 


water at about 130°C. in a lead-lined steam- 
jacketed kettle. The iron condenser was 
lined with bakelite, and hydrogen chloride 
was absorbed in an Igelit-lined tower. 

Benzoyl chloride was similarly prepared 
from benzotrichloride. 

A cetoacet-arylides — The acetoacetic ester- 
aromatic amine condensation was carried out 
in xylene solution in an aluminium kettle 
provided with an aluminium coil and mild 
steel jacket. The oil jacket was heated by 
means of a steam jacket. An aluminium 
column and an aluminium conden er were 
used lor the removal of the ethane* formed 
in the reaction. The base was dissolved 


effected at Griesheim. i 

p-Nitraniline was made in 3 cu. m. 
autoclaves by amination of ^-nitrochloro- 
benzene. It was stated that the process 
was not entirely free from danger, and a 
continuous process on a pilot-plant scale 
liad been developed just before the war. 
No documents concerning the subject were 
available. 

Phenylhydrazine was made by the sodium 
bisulphite, zinc and acetic acid reduction 
process. The hydrochloride was precipitated, 
filtered on a centrifuge, basified with aqueous 
caustic soda in presence of xylene, the xylene 
extract distilled in vacuo and the paste finally 
purified by vacuum 


in xylene fed through a pressure filter in 
an atmosphere of nitrogen. The product 
was filtered in a horizontal centrifuge 
in a nitrogen atmosphere, the basket being 
lead lined and further lined with brass cloth. 
The arylide was dried in a steam-heated 
aluminium dryer ; an aluminium worm 
moved the product alternately from one 
end of the dryer to the other, and when 
the drying was completed, the material 
was discharged from one end. 

Fluorine Compounds — Dr. Scherer, Head 
of the Southern Section for Intermediates, 
liad carried out considerable research on 
fluorine compounds as intermediates. Benzo- 


distillation in a copper 
plant in an atmos- 
phere of nitrogen. 

m-Xylene S' p-xylene 
hexachloride ( m- & 
p-bistrichlormethyl heU' 
zene ) — Complete side 
chain chlorination of 
w-xylene and /)-xylene 
is carried out in a 
nickel reaction kettle 
with a glass ball ins- 
talled in the cover for 
an electric intensive 



lamp, 300 watts " I^'ast Orange RD Base. 

( App. 4 )\ 

Terephthaloyl chloride — The method was trifluoride was prepared by treatment of 
to hydrolyse />-xylene hexachloride with benzotrichloride with hydrofluoric acid 

under pressure, and other com- 



cocll 

O / 

cod 


pounds containing the trifluoro- 
methyl group were prepared by 
similar methods. Thus Fast 
Orange RD Base was prepared 
by the series of reactions given 
above. 

Fast Golden Orange GR was 
prepared as follows : 


Terephthaloyl bis acetic ester ( App 3a). 
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d 


£b^Oj,Na 

Methanol. 


(Rallvv ior 
^ a/>rs; 


'-f-a 

0 . 


SOgEt 

<^2% 


SO.Eb 


Fast Golden Orange GR Base. 


The sodium ethyl sulphinate required in 
the above reaction was prepared by the 
following methods : 


(a) 2Al+3EtCl- 
Al(SO,Et)3+Al 


(CHjCl| solution ) 


AI(0H)3 f EtSOjNa 
Reid Zn 

(b) CaH,SO,-f Cl, hEtSO,Cl, ► 

reaction 

2NaOH 

(EtSO,),Zn ►2EtS0,Na + Zn(0H), 

Fast Scarlet VD Base was prepared by 
the following series of reactions : 


O 

CH» 

d 




d 


Nli»’A'tc 

— * > 
R<paucc 


Fast Scarlet VD Base. 


QP of 4-nitrochloroben- 

0 ^ zene-2-sulphonic acid 

was obtained by salt- 
Nh^ ing out the sulpho- 
- nation mixture. The 

sodium suipbonate 
was filtered off on a 
Nutsch, pasted up 
with water and heat- 
ed in an autoclave 
at 110dll5°C. with 
magnesium oxide and />-anisidine. The pro- 
duct was precipitated by sulphuric acid, 
filtered and reduced with iron and acid. The 
iron oxide was filter-pressed. The amine was 
salted out and then hydrolysed with 60 per 
cent sulphuric acid at 115°-123°C. Sulphuric 
acid was converted into sodium bisulphate 
by means of sodium sulphate and Variamine 
Blue filtered off on a rotary filter, and packed 
directly^ into drums for despatch to Offenbach 
for Fast Salt preparation. 

Experiments on the preparation of Varia- 
mine Blue by condensation of />-nitrochloro- 
benzene with ^-anisidine under pressure 
showed that better yields were obtainable 
by the j^-nitrochlorobenzene sulphonic acid 
procedure. 

Detailed processes for the following inter- 
mediates, fast bases, etc., are appended : 

9. Blausulphochloride ( w-dichloroben- 
zene-l-sulpho- 
chloride.). 

10. Blauthiosaure ( 2 : 
4-dichlorophenyl- 
1 -t hioglycollic 
acid ). 

19. /)* - M e t h o X y- 
phenyl para-ami- 

^ r I - no - 4' - methoxy- 

^ ^ diphenyl - amine- 

2-sulphonic acid). 
22. Amidol acid 


0-- 

r""Q. 


When these bases were employed in azoic 
dyeing, the influence of the trifluoromethyl 
group was not merely to improve the clarity 
of the tone and the light fastness, but to re- 
duce washing fastness. Several Indanthrene 
dyes containing the trifluoromethyl group 
were developed before the war, but only 
one was marketed commercially. This was 
Indanthrene Blue CLB, which was used 
for uniforms of the German Air Force, and 
was prepared as follows. • 

Variamine Blue B — The plant had a capa- 
city of 30 ton^ per month. The sodium salt. 


( l-amino-2-naph- 
thol-4-sulphonic acid ), 

23. Diazoamidol acid ( l-diazo-2-naph- 
thol-4-sulphonic acid). 

25. Nitroethylimide base ( 3-nitro-N- 
ethylcarbazole ). 

26. Carbazanil ( diaminocarbazyl di- 
chloroquinone ). 

27. Tetra acid ( naphthalene- 1 : 4 : 5 : 8- 
tetracarboxylic acid ). 

29. Pyrenit S ( nitropyrene ) . 

30. Pyren chloride ( hexachloropyrene ). 

31. Perchlorpyrene ( tetrachloropyrene 
tetrachloride ). 
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CH3 


Licyuuid, 

Cno - 120®) 


CH, 

o: 


Coboii: vvajjbtficnotTc 

l^Cc«5 


MjOi 

f=«a 


rNi i 


cct, 

0: 


HP 


cocft 


COF 


tF: 

o 




IndaNthrene Blue CLB. 
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Pyranil crude ( dipyrenylaminodi- 
chloroqulnone ). 

31 Pyranil pure. 

34. Pyram (aminopyrene ). 

35. Leucopyranil. 

Alizarine was manufactured at Hochst 15 
years ago, but the plant was later used for 
other purposes. 

Ao Dyes — Thle azo shed at Hochst, which 
is modern and very well laid out, has been 
reported upon by a British team. There was 
no provision for the gravity flow of materials 
in the manufacture of disazo and irisazo dyes. 
Diazotization was carried out in wooden vats, 
and diazo solutions dropped into rubber- 
lined iron vessels from which the solutions 
could be blown out into a filter press. The 
coupling was carried out in wooden vats 
provided with rubber-lined iron agitators. 


Pipe lines for the diazo solution were iron, 
niober lined. For glacial acetic acid aJumi- 
nium pipe lines were employed. The dyes 
were fed into the filter press by means of 
bronze pumps. '' Paper cloth '' was found 
to be suitable for the filter press. Pigments 
as well as dyes were filtered through filter 
presses. 

Ice from the top floor was disintegrated 
in a simple type of disintegrator provided 
wifh spike rollers and dropped down chutes 
into rubber-tyred hand carts of aluminium, 
frpm which they were discharged as required 
into vats directly or through chutes. 

Papid Fast Colours — The composition of 
various Rapid Fast colours was stated to be 
as I follows; the base of which the anti-diazo- 
tate is used, and the Naphtol, are both indi- 
cated in the following table : 


Rapid Fast 
YeUow 


GGH 

GH 


Base 

Red RC 
Scarlet GG 


Xaphtol 

AS-G 

AS-G 


13 GH 


Red TR 


Me 0 


o 

cl 


NH COCHj^COCHj 


OMC 


Cl) 


NM CO CHj COPh 


Golden Yellow 

IGH 

Red RC 

NM< 

Orange 

GH 

m-chloToaniline 

AS-D 

IGH 

4-chloro-3-amino-trifluoro- 

methylbenzene 

AS 


IRH 

do 

AS-OL 


RG 

o-hitraniline 

AS 


RH 

Scarlet GG 

AS-PH 

naphi 

(|old Orange 

IGG 

2-amino-4-trifluoroincthyl-phenyl 
ethyl sulphone 

AS-D 

Scarlet 

ILH 

Scarlet GG 

AS-OL 


RH 

Red KB 

AS-PH 

Red 

B 

Rfed B 

AS 


BB 

Red B 

AS-D 


FGH 

Red KB 

AS-D 


GL 

Red GL 

AS ■ 


G2H 

Scarlet GG 

AS 


13GL 

Scarlet 3GL 

AS 


ILB 

Red RL 

AS-RL 


IRH 

Red TR 

AS-LT 


RH 

Red RG 

AS-OL 


>f*1C 


Cn) 
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Rapid Fast 


Base 

Xaphtol 


Bordeaux 

IB 

Red B 

AS-BOX ( 

undissolved 




AS-BO ) 



RH 

Red RC 

AS-BS 


Blue 

B 

Diani^idine 

AS 


Brown 

B 

Mixture of dianisidine and 




/)-nitraniline 

AS 



GGH 

Scarlet GG 

AS-LB 



IBH 

Red RC 

AS-LB 



IRH 

Scarlet GG 

AS-BG 


Olive Brown 

IGH 

w-chloraniline 

AS-LB 


Rapidogeti 


Base 

Amino acid used for stabilization 

S’aphtol 

Yellow 

G 

Red KB 

2-aniino-4-sulphobenzoic acid 

AS-G 


GS 

Red KB 

Sarcosine 

AS-G 


GG 

Red RC 

do 

AS-G 


14G 

Red TR 

Methyl taurine 

(1) 


PT 


Diazoamino compound from 





/)-toluidine 

AS-G 

Gold Yellow 

IFC 

Red RC 

Sarcosine 

(11) 


IGL 

Red KB 

do 

AS-L4G 


R 

Red KB 

do 

AS-G-f AS-PH 

Orange 

G 

Orange GC 

2-amino-4-sulphobenzoic acid 

AS-D 


IGX 

GCD 

2-ethylamino-5-sulphobenzoic acid 

AS-OI. 


IRR 

RD 

do 

AS-OL 


R 

Scarlet GG 

do 

AS-PH 

Scarlet 

IL 

Scarlet GG 

do 

AS-OL 


R 

Red KB 

2-amino-4-sulphobenzoic acid 

AS-PH 


RS 

KB 

Sarcosine 

AS-PH 

Red 

GS 

KB 

do 

AS-D 


G 

KB 

2-amino-4-sulphobenzoic acid 

Ai^-D 


IGG 

()-roluidine-4- 

2-methylamino-5-sulphobenzoic 




N-dimethyl 

acid 

AS-LC 



sulphonamide 




ITR 

Red ITR 

2-ethylamino-5-sulphobenzoic acid 

AS- ITR 


R 

Red RC 

Sarcosine 

AS-OL 

Bordeaux 

IB 

Red B 

2-methylamino-5-sulphoben/oic 





acid 

AS-BO 


RN 

RL 

2-ethylamino-5-sulphobenzoic 





acid 

AS-D 

Corinth 

IB 

Corinth LB 

2-methylamino-4-sulphobenzoic 





acid 

AS-LT 

Violet 

B 

Violet B 

Sarcosine 

AS 

Red Violet 

RR 

2-nitro-5- 

2-ethylamino-5-sulphobenzoic 




amino-4-me- 

acid 




thoxy toluene 


AS-BO 

Blue 

B 

Blue BB 

50%sacrosine, taurine 

AS 


BN 

BB 

do 

AS 

Marine Blue 

IB 

Variamine 

Sarcosine 

AS 



Blue B 




D 

Mixture of 

do 

AS-D . 



Blue Salts 



Blue 

R 

RR Base 

Methyl taurine 

AS 

Marine Blue 

B 

Blue B 

do 

AS 

do 

R 

Blue RR 

do 

AS 
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Rapidogen 


Base 

Amino acid used for stabilization 

50% sarcosine, 50%methyl taurine 

Naphtol 

AS-BO 

Green 

B 

BB 

Sarcosine, N-methyl taurine 

AS-CR 

Brown 

GN 

Azored 

Salt KBS 
Azoblue 
Salt RR 

' 

AS+AS-G 


IB 

Red RC 

Sarcosine 

AS-LB 


IBR 

^-toluidine 

do 

AS-LB 


IRRN 

Red RL 

2-amino-4-sulphobenzoic acid 

AS-LB 

Olive Brown 

IG 

Orange GG 

do 

AS-LB 

Black Brown 

ITR 

Red LTR 

2-ethylamino-5-sulphobenzoic 

acid 

AS-BT 


T 

IT 

Red RC 
Azored 

Salt RC 

Sarcosine 

AS-BT 

AS-BT+ 

AS-ITR 

Black 

IT 

Red B 

2-methy)amino-5-sulphobenzoic 

acid 

AS-SR + 


?-tetralol 

carboxylic 

acid-a- 

naphthyl- 

amide 


MG 


IG 


Azoblue 
Salt MG 
and BD 
( Blue B 
and BB ) 



Red RL 2-ethylamino-5-sulphobenzoic 
acid 


AS-SR t- 


CcO°-o 


Indigo White — Indigo production at Hochst 
was 4(W tons per month of which 50 per cent 
was sold as Indigo White. 

The process for Indigo White was by nickel 
reduction of indigo. The catalyst was pre- 
pared by reduction of nickel carbonate 
mounted on Fuller's earth. 

Indigo reduction was carried out in a hori- 
zontal boiler, jacketed for steam, using 20 per 
cent indigo j>aste, caustic soda, the catalyst 
and hydrogen*. The leuco solution was 
siphoned off from the catalyst, and the proce- 
dure then varied according as whether the 
product was to be marketed in the form of 
paste or grains. For paste the leuco com- 
pound was pr|bipitated from solution by 


carbon dioxide and filtered off in a filter press 
using jute cloth. It was then mixed with 
molasses and evaporated in a Frederking at 
SOX. in vacuo. This was necessary, since 
the viscous paste had to be agitated with a 
powerful 6" diameter scraper agitator. The 
product was thus evaporated to 50 per cent 
Indigo White content and dried finally in a 
vacuum tray (Jryer. 

For grains the leuco solution containing 
about 17 per cent of Indigo White wa§ mixed 
with molasses, concentrated in a Calandria 
( “ Wetkowitz heat exchanger " ), and dried 
in trays in vacuum. The addition of molas^ 
ses was adjusted so as to obtain grains of 
50-60-70-80 per cent indigo content. 
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Ind^nthrenes 

While detailed processes for a few Indan- 
threnes are appended, a few general observa- 
tions are made. Aluminium chloride was 
stored and handled in lead-lined drums. For 
reactions involving aluminium chloride and 
sodium chloride mixtures vigorous agitation 
was necessary, and a propeller agitator was 
employed. The reaction was carried out in 
cast iron enamelled vessels, and the hydrogen 
chloride evolved was removed by using steam 
ejector suction. Hydrochloric acid solutions 
were handled in brick-lined vats and stone 
Nutsches. For moist hydrochloric acid 
vapours, pipes were of polyvinyl plastic. Iron 
pipes were adequate for gaseous chlorine, but 
where iron contamination was involved, lead 
pipes were used. In preparing chlorinated 
Indanthrenes the chloride used was checked 
up by merely weighing the chlorine cylinders, 
and no rotameters were employed. In a few 
cases a modified Pitot tube was used. For 
chlorinations on a comparatively small scale 
chlorine in cylinders was used, but for bulk 
chlorinations ( all these chlorinations being 
carried out in the same shed ) such as chlori- 
nated paraffins and chloranil, where more 
than 100 kg. per hour of chlorine were neces- 
sary, the chlorine was led directly from the 
neighbouring electrolyser house. 

Detailed processes for the following Indan- 
threnes are appended : 

41. Brilliant Orange GR and Bordeaux 
RR. 

42. Brown GR. 

43. Turquoise Blue GK Powder. 

50. Printing Brown B. 

51. Printing Brown 3R. 

Indigosols ( Anthrasols ) 

The British method for preparing solubi- 
lized vat colours was employed, but it was 
claimed that the process has been shortened 
and improved. Recovered pyridine was 
dehydrated by azeotropic distillation with 
benzene and fractionated in a suitable co- 
lumn. Iron was used for reduction in most 
cases — iron from the needle industry for 
Blue BC and electrolytic iron in other cases. 
Copper was used only in one or two cases 
such as Anthrasol Red IFBB. 

Detailed processes for the following 
Indigo-sols are appended : 

61a. Anthrasol Brown IRRD. 

61b. Anthrasol Brilliant Pink I 3 B. 

61c. Anthrasol Red IFBB. 

Miscellaneous Chemicals — A point of inter- 
est in the preparation of heavy chemicals 


at Hochst was the use of mercury cells for 
caustic soda and chlorine, of which a detailed 
account is given in CIOS XXVT-II. 

Pure sodiurrt sulphide was prepared by an 
elegant process in which sodium-mercury 
amalgum flowing out of the cells was treated 
with the calculated amount of sodium tetra- 
sulphide, leading to pure sodium sulphide. 

Tetranitrncarhazole — This substance is 
claimed to be a valuable insecticide for speci- 
fic purposes. Nitration of carbctzole is carried 
out in the usual manner, but a safe ty device 
is used for stopping the flow of ? itric acid 
and blowing a siren in the event of . iie failure 
of the agitator. The temperature during 
nitration is electrically recorded. 

For immersing the nitration product con- 
taining sulphuric acid, the vessel is of mild 
steel, lined with polyvinyl chloride and then 
with bricks. Cooling coils are of lead, the coils 
being Hned with Igelit above the level of the 
liquor ; this is because large quantities of 
nitrous fumes are evolved and corrode the 
lead. The thermometer pocket and the 
agitator are lead lined and given a top lining 
of Igelit. The product is filtered on closed 
stone Nutsches. The piping is again lead 
lined with Igelit. The Nutsch capacity not 
being adequate, part of the filtration is carried 
out by a filter press using polyvinyl chloride 
fabric. For separating any liquid carried 
over by fumes, an Igelit cyclone separator is 
provided. The mother liquor, the sulphuric 
acid content of wdiich is too impure to justify 
recovery, is sucked off through a pipe and 
barometric leg straight int 6 the drain. The 
Nutsch cake is thixotropic cind is snuffled up 
with a little w^ater into a kettle. The paste 
is dried at a temperature of about 160°C. on 
a drum dryer provided with brass knives. 
The cast-iron drums are built for 15 atm. 
pressure and steam is supplied at 6*5 atm. 
The dry product is fed into barrels by means 
of a worm conveyer. ( On one occasion, on 
account of the conveyer outlet choking up, 
there was a rise in temperature to above 
200X. resulting in a fire. ) The vapours 
from the dryer are w^ashed with hot water to 
remove tetranitrocarbazole dust, and the 
water is used for pasting up the next lot of 
Nutsch cake. The nitrous fumes are finally 
absorbed in an Igelit -column packed with 
Raschig rings, and prpvided with an Igelit 
suction fan. 

The tetranitrocarbazole thus prepared has 
m.p. 284°C., and is marketed in this form. 
If a pure sample is desired, the crude product 
( 10 gm. ) may be dissolved in water ( ;;3 1 . ) at 
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100®C. ; on the addition of N. sodium hy- 
droxide ( 65 c.c. ) the substance dissolves. 
Sodium bicarbonate ( 10 gm. ) in water is now 
added and the precipitate filtered off. The 
red product now melts at 29S°C. A yellow 
product is obtained by using ammonium 
chloride in place of sodium bicarbonate or 
by recrystalHzing the red compound from 
dioxane. 

A detailed process for tetranitrocarbazole 
is appended ( App. 62 ). 

In spite of mainy attempts a practicable 
method for the synthesis of carbazole had 
apparently not been developed. 

The methods for the estimation of the 
purity of carbazole isolated from coal-tar 
being unsatisfactory, a new method was 
devised. The principle of the method, a 
detailed account of which is appended (App. 
63) (Ref. LG, Analyse No. 400), is to separate 
carbazole as N-nitrosocarbazole, which is 
decomposed on heating with, ferrous sulphate 
solution, and the nitrous gases evolved are 
measured. Phenanthrene, anthracene and 
acridine do not interfere. 

DifluoYodichloYomethane ( pYtgen ) — A de- 
tailed process for Frigen ( Freon ) is ap- 
pended (App. 64). 

Octadecyl isocyanate — A detailed process 
for this intermediate used in the preparation 
of Persistol VS, which is a useful finishing 
agent for textiles for the production of 
water-repellent and waterproofed effects, 
is enclosed (App, 65). 

IL — I, G. Parhenindustrie, Ludwigschafen 

The object of the visit was to inspect ’the 
plant for o-benzoyl benzoic acid and its deri- 
vatives, p-aminoanthraquinone and Indan- 
threne Blue R, and to obtain information 
regarding a few intermediates and dyes. 

Dr. Pflaumer, Director of the Works, men- 
tioned that the entire factory had already 
been surveyed by several British and Ameri- 
can teams, and one of the British teams, 
which stayed for four weeks, collected com- 
plete data on all vat dyes. A complete set 
of photographic copies of all the processes 
for intermediates and dyes employed at 
Ludwigschafen had been supplied to the 
American F.I.A.T. 

m-HydYoxydifih^nylamine — This is an in- 
termediate in ttte preparation of Variamine 
Blue FG. A mixture of resorcinol (1,550 
parts ), aniline ( 1 850 parts ) and sulphanilic 
acid ( 16 parts ) is heated at 185°-190®C. for 
45 hr., the temperature then being raised to 
230®C. in 10 hr. Sulphanilic. acid has now 


taken the place of iodine which was originally 
used and which was not available during the 
war. The product is fractionated, w-hydroxy- 
diphenylamine coming over at 220®-265°C. 
at 7 mm. pressure. The yield is 2,000 kg. 

BOB V Plant The plant for condensing 
phthalic anhydride with benzene, chloroben- 
zene, etc., and cyclizing the resulting o-beq- 
zoylbenzoic acids is of a very modern design. 
A series of four 5 cu. m. vessels and one 3 cu. 
m. vessel are provided, and the same type of 
kettle is used for sulphonation of anthraqui- 
none, the preparation of chloro- and methyl 
benzoylbenzoic acid, and the preparation of 
butyl phenol. The special features of the 
plant are large porcelain pipes, glass water- 
sprinklers and a continuous method for de- 
composing the Friedel-Crafts reaction product 
with water and for subsequent stages. For 
separation of aqueous and non-aqueous 
layers, horizontal separators are preferred, 
clearer separation being obtainable from 
vertical separators. 

The aluminium chloride used in the plant 
is also made at Ludwigschafen, 

The benzoylbenzoic acids are filtered on 
rotary filters and dried in a Buetnner 
continuous dryer consisting essentially of 
revolving plates with large perforations, 
through which the material slowly travel^ 
down the series of plates until ultimately 
discharged. 

^-aminoanthYaquinone is made froni 
p-chloroanthraquinone in an autoclave 
heated by internal steam coils ( 30 atm., 
steam pressure ). Arsenic pentoxide is used 
in the amination. The product is blown over 
and filtered in a closed Nutsch, and dried on 
a Venuleth dryer. 

2'-amino-Z<hloYoanthYaquinone is prepared 
by partial amination of 2 : 3-dichloroanthra- 
quinone. 

2 : 6-diaminoanthYaquinone is made from 
2 : 6-disulphonic acid, 25 per cent ammonia 
and arsenic pentoxide at a temperature of 
200®C. and a pressure of 45 atm. 

1 : 4-dtaminoanthYaquinone is made from 
quinaza!rjn.^ 

IndanthYcne Blue R$N — Nickel-iron ( 0*5 
per cent nickel ) kettles are lised for fusion. 
There is a screw conveyer for the intro- 
(^ction of p-aminoanthraquinbne and an 
^tomatic arrangement for the addition of 
sodium nitrate^ ^ A mixture of caustic soda 
and caustic potash ip molten ^orm is fed 
in. For filtering the ‘ leuco conipound, a 
closed-type imperial rotary filter is employed. 
The leuco compound is then mechanically 
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|ed in through a worm into the oxidation 
yessel. 

Chlorinated Indanthrenes — These are made 
in iron reaction kettles provided with Hoesch 
Stirrers with a speed of 700-1 ,000 r.p.m. The 
progress of the chlorination is followed by 
loss in weight of the chlorine cylinders and 
by estimating chlorine in samples of the 
product. 

Indanthrene Yellow G is prepared from 
[i-aminoanthraquinOne in 3 stages. In the 
fttst stage, l-chloro-2-aminoanthraquinone is 
heated with phthalic anhydride in presence of 
ferric chloride to produce 1 -chloro-2-phthali- 
midoanthraquinone. In the second stage, 
2 mols of l-chloro-2-phthalimidoanthraqui- 
none are heated with copper powder to pro- 
duce 2 : 2'-diphthalimido-l : I '-dianthraqui- 
nonyl. After removing the copper by means 
of sodium chlorate and hydrochloric acid, 
hydrolysis and cyclization are effected by 
heating with caustic soda solution. 

Indanthrene Brilliant Green B — 4 : 4'-di- 
benzanthronyl is prepared by heating ben- 
zanthrone with caustic potash and sodium 
acetate in isobutanol solution. Oxidation 
of the dibenzanthronyl to 16: 17-dihydroxy- 
dibenzanthrone is effected by means of 
manganese dioxide and sulphuric acid, and 
the final stage of methylation by methyl 
benzenesulphonate. 

Violanthrone ( Indanthrene Dark Blue 
BO ) — In the fusion of benzan throne with 
caustic alkali and sodium acetate, carbazole- 
free anthracene residue is used as flux. 

Indanthrene Direct Black RB is prepared 
by the condensation of 1 mol of tetrabro- 
mopyranthrone with 2 mols of amino- 
violanthrone and 2 mols of a-aminoanthra- 
quinone. 

Detailed processes for the following are 
appended ; 

67 . 0 -aminoan thraquinone . 

68 . 6-amino- 1 : 9-pyrimidanthrone ( Pyri- 
midin AFS ). 

69. Indanthrene Yellow 7GK. 

72. Nitrocarbonsaure ( 1-nitroanthra- 
quinone-2-carboxylic acid). 

74. Indanthrene Blue RS. 

74a. Indanthrene Blue BC. 

75a. 4, 4'-dibenzanthronyl. 

75b. 2, 2'-dihydroxydibenzan throne. 

75c. Indanthrene Brilliant Green FFB. 

76. Benzan thronsulfid. 

77. Isothren. 

79. Dichinyl C. 

82. Indanthren Red RK. 

83. Indanthren Olive Green B. 


Ill* — I. G. Farbenindustrie, Offenbach 

The object of the visit was to inspect the 
plant for Ji-hydroxynaphthoic acid ( BON 
acid ). 

The plant is very old and, except the car- 
bonators for BON acid, nothing of special 
interest was noticed. The only hydroxycar- 
boxylic acids made at Offenbach were BON, 
salicylic ( on occasions ) and ^-hydroxy ben- 
zoic acid. The other acids used in the pre- 
paration of Naphtols came from Leverkusen 
and other LG, plants. Yellov'-producing 
Naphtols ( G, LG, LgG, L4G ) wei not made 
at Offenbach. 

The BON acid plant, though fabricated 
over 20 years ago, proved to be of great in- 
terest. Tlie carbonators, of which there are 6, 
are heated by cast-in steam coils using steam 
at 25 atm. pressure, and are provided with 
powerful heavy duty agitators ( 15 r.p.m.). 
On account of the great resistance offered by 
the material to be stirred the agitators were 
liable to break down from time to time, and 
there was provision for immediate stoppage 
of the agitator by means of an electrical 
resistance indicator connected to the motor 
driving the stirrer. A feature of the process 
was that [3-naphthol was continuously distill- 
ed off during carbonation. The process was 
stated to yield excellent results, but the plant 
was costly to construct and maintain. 

2 small boilers ( 2 tons of steam per hour 
at 60 atm. ) were reserved for process work, 
as the BON acid plant was a complete self- 
contained unit which included the produc- 
tion of carbon dioxide. 

Stabilized Diazonium Salts — The drying 
procedure appeared to be unsatisfactory and 
the equipment crude in design. Tray dryers 
operated at 50°C., and provided with safety 
flaps in case of explosion, were employed. Du- 
ring grinding of Fast Salts with Glauber salt, 
aluminium sulphate, etc., dry ice w’as added. 
The initial size reduction of Fast Salts was 
carried out in disintegrators made of phosphor 
bronze to minimize the danger of self-ignition 
and explosion. After dilution with dry in- 
organic salts. Fast Salts could be ground in 
iron mixers consisting of revolving drums, 
provided with scraper blades w’orking in 
opposite directions. Each mixer was 1 to 3 
tons in capacity. The plant was provided 
with a very good dust-extracting system, the 
dust entering a tower sprayed with water 
before being discharged into the atmosphere. 

For making Rapid Fast printing colours, 
special mixers with flat top, flush with the 
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floor level, and provided with spiral agitators 
were employed. 

Detailed processes for the following are 
appended : 

91. Nitrazol CF extra. 

95. Echtschwarzsalz G ( Fast Block 

Salt G), 

96. Naphtol AS-SW. 

103. Naphtol AS-LC. 

IV, — I, G, Farbenindustrie, Mainkur 

The main object was to see the Hydron 
Blue plant. 

Hydron Blue — The plant was constructed 
in 1937. With a production capacity of 
1,000 tons a year, 714 tons were actually 
produced in 1937. 

p-Nitrosophenol — This was prepared in 
the known manner. A lead-lined horizontal 
centrifuge was employed for filtration ; the 
basket was lined with copper fabric fastened 
with copper screws. ^-Nitrosophenol was 
safe to handle in paste form, but was inflam- 
mable when dried. 

For acidification at 0®C. a brick-lined ves- 
sel with wooden agitator was used. The 
solution was introduced in the sulphuric acid 
by means of a short pipe. 

Carbazole-indophenol — The critical factor 
was the temperature. Cooling was effected 
by calcium chloride solution ( d. 1*3 ) from 
an ammonia plant with a capacity of 60,000 k. 
cal. per hour at - 40°C., supplied by Gessels- 
chaft f. Lindle's Eismachinen, A.G,, Hildastr., 
6, Wiesbaden. The indophenol was filtered 
in a wooden filter press using nitrated cloth 
or polyvinyl cloth. 

The best .tests for the quality of carbazole- 
indophenol were solubility in acetone and 
thionation. For dissolving carbazole and 
/>-nitrosophenol and for the condensation of 
the two to form carbazole-indophenol, 6 re- 
action vessels are available of which 2 are 
provided with jacket and coils for cooling, 
while 4 have cooling coils only. One of the 
reaction vessels, reserved for condensation, 
has 4 banks of cooling coils reaching to 
the top of the vessel. The others have 3 
banks of coils in the lower half of the vessel. 
Agitation is effected by means of propeller 
stirrers. / . ... 

For the r^uction of the indophenol, lead- 
lined iron kettles with wooden agitators, 
chutes for the addition of ice and large vent 
pipes are available. 

The indophenol is washed in brick-lined 
v^s and filtered 2 filter presses. 


Thionation is effected in butanol at a tem- 
perature of 108°-110°C. The iron thionation 
pot is steam heated and provided with steam 
pipes for quenching fires and for a little pres- 
sure for the discharging pump. 

The solvent is distilled off after thionation, 
steam entering through 2 pipes, one inside 
the liquid, and the other touching the surface 
so as to break the foam. The distillation pot 
is also steam jacketed. 

The drying of the dye is carried out in a 
circular chamber with glazed tiles provided 
with a disc spray dryer revolving at 7,000 
r.p.m. A scraper plough working op the floor 
of the chamber discharges the material. The 
hot air outlet passes through filter bags to 
catch any dyestuff dust. The dryer is capable 
of evaporating 250 1. of water per hour, and 
yields 50-60 kg. of the dyestufl. 

Suprafix dyes for printing are manufac- 
tured at Mainkur, They consist essentially 
of mixtures of a vat dye ( sometimes as a 
leuco compound ) and of Solution Salt B 
( sodium salt of N-benzyl sulphanilic acid ) ; 
a booster ( such as anthraflavin or ferric 
sulphate ) is also added, groups of dyes re- 
quiring specific boosters. The whole is then 
diluted with glycerin and water as required 
and colloidalized in a suitable mill. A typical 
procedure was to mix in a lead-lined vessel 
30 per cent glycerin, 10 percent Solution Salt 
B, 2*5 per cent ferric sulphate, 10 per cent 
tragacanth solution ( 6*5 per cent ), 0*3 per 
cgnt Preventol and 10 per cent leuco com- 
pound of Indanthrene Pink R ( or Algol 
Orange RF ) made up with water. The 
mixture is then worked in a colloid mill and 
sieved. 

Detailed processes for the following are 
appended : 

106. ^-Nitrosophenol. 

107. R-base. 

114. Ethyl carbazole. 

126. Nitrocarbazole. 

1 29. Anthronapht hylen . 

133. Dinasaure ( 1 : I'-dinaphthyl-S : 8'- 
dicarboxylic acid ). 

137. Pyrazolgelbkali. 

138. Indanthrene Yellow GF. 

140. Indanthrene Scarlet B. 

142. Kupenbtaun IVD (Vat Brown 
IVD). 

147. Kupenscharlach RM ( Vat Scarlet 

RM ). 

148. Indanthrene Brilliant Orange RK. 

153. Sirius Light Yellow RT. 

154. Diethyl Red, 
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V — Ka/U €>• Co., Biebrich-yiieshaden 

Cellulose Gly collie Acid — Cellulose (wood 
pulp ; 38 per cent cellulose, 6 per c^nt mois- 
ture ) ( 1,000 kg. ) in the form of sheets is 
treated with 18 per cent caustic soda solution 
in a rectangular iron box between perforated 
plates at room temperature for If hr., and 
submitted ( hydraulic press ) to horizontal 
pressure for 1 hr. The weight of the 
sheets is 2,600 kg. The cage containing the 
sheets is then lifted and the sheets are drop- 
ped into a shredder. The alkali-xellulose 
consists of 14 per cent sodium hydroxide, 
1 per cent .sodium carbonate and 32-34 per 
cent cellulose, and is transferred by means 
of a worm into a Werner- Pfleiderer shredder 
mill. The shredded soda cellulose is blown 
by compressed air through pipes into 2 
larger boxes from which it is discharged into 
wagons, then weighed and dropped into a 
Werner-Pfleiderer kneading machine to- 
gether with sodium chloracetate. Each 
charge in the shredder consists of alkali-cellu- 
lose, corresponding to 500 kg. of cellulose, 
together with 375 kg. of sodium chloracetate. 
The temperature rises during the reaction 
and after 2 hr. the material is discharged 
into a box and therefrom into a rotary dryer, 
where it is worked for 4 hr. This crude 
product is Tylose HBR containing 33 per 
cent sodium cellulose glycollate, 33 per cent 
water. The material now passes down into 
a box on to a belt conveyer and is fed into a 
disintegrator. After passage through a 
cyclone separator to remove air, and through 
pipes, where it is blown by compressed air 
into a higher floor from which it drops 
through a hopper, the Tylose is finally 
weighed, and packed in paper bags which 
move forward mechanically. 

Methyl Cellulose — 5k)da cellulose is pre- 
pared in the same type of plant as for cellu- 
lose glycollic ac4d. Soda cellulose is then 
either shredded, or the sheets are placed on a 
wire and rolled on a wheel into a package con- 
sisting alternately of cellulose sheets and wire. 

Methyl chloride from tank wagons is press- 
ed into a feeder autoclave where it is heated 
by steam coils and fed into a reaction auto- 
clave by means of a centrifugal pump. The 
iron autoclave is nickel-lined, and the pump 
and pipes are of iron-nickel "glloy. The 
charge per autoclave corresponds' to 600 kg. 
cellulose and 550 kg. of methyl chloride, a 
large excess of methyl chloride being neces- 
sary on account of the formation of methanol 
of which 16^18 kg. are recovered per 100 kg. 


of methyl cellulose. The autoclave is heated 
externally by steam first to 70°C. and then 
to 90°-100X., the pressure being 5 atm. The 
reaction is carried out for 5-6 hr. , the total 
cycle in the autoclave from loading to un- 
loading taking 8 hr., so that each autoclave 
could handle 3 batches a day. Methyl chlo- 
ride is circulated through the alkali cellulose, 
methanol is condensed, and the residual 
methyl chloride re-heated and circulated. 
Methyl cellulose is purified by agitation with 
hot water and filtration on a norizontal 
centrifuge. The material is dried \ a rotary 
dryer. When th^ soda cellulo.<5e is used in 
the form of sheets mounted on wheels, a 
different type of autoclave is used. 

APPENDIX 2 

Diethyl Sulphate ( made from ethyl 
.sulphuric acid ) 

Principal Uses — Ethylating agent for 
pharmaceuticals. 

Equipment — (1) 1 enamelled vessel, 3 cu. 
m., with jacket and enamelled stirrer ; (2) 2 
aluminium receivers, 1 cu, m. each, with a 
5-stage steam jet pump ; (3) 1 aluminium 
stock vessel, 4 cu. m. 

Process : Diethyl sulphate — In ( 1 ) , 1 , 1 00 
kg. of ethyl sulphuric acid and 1,950 kg. of 
dry sodium sulphate are mixed ^nd distilled 
into (2) within 12-15 hr. under a reduced 
pressure of 5 mm. Hg. The distillate is 
stored in (3). Yield : 580 kg. 

Process Control Tests — Determination of 
the sp. gr. and strength of ethyl sulphuric 
acid and diethyl sulphate. 

Raw Materials, Intermediates & Finished 
Product Specifications — Sp. gr. of ethyl 
sulphuric acid : 1*41 at 15°C. ; sp. gr. of di- 
ethyl sulphate : 1*18 at 15X. ; content : 99*8 
f)er cent of diethyl sulphate and 0*1 per cent 
of ethyl sulphuric acid. 

Diethyl Sulph.\te ( prepared from 
ethylene and sulphuric acid monohydrate ) 

Equipment — (1) 1 cast-steel autoclave of 
1,000 1. with an admissible maximum pres- 
sure of 50 atm. gauge pressure ; (2) 1 iron 
measuring vessel of 1,000 1. ; (3) 1 iron mea- 
suring vessel of 1,000 1. ; (4) 1 iron vacuum 
distilling vessel of 2*5 ci^.^i3[i* provided with 
jacket heating ; (5) 1 5-st4ge steam jet water 
pump ; (6) 2 aluminium receivers each of 1 
cu. m. ; and (7) 1 aluminium stock vessel. 

Process — 527 kg. of sulphuric acid mono- 
hydrate { representing 307 1. ) are filled into 
the vessel and 328 kg. of ethylene from a steel 
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bottle are pressed in. The vessel is then 
heated to about 7G®-75®C. by means of warm 
water, the ethylene being absorbed rapidly. 
After about 12-16 hr. the main quantity of 
ethylene is consumed. The remainder is 
absorbed with difficulty. After about 20 
hr. the pressure ( 5 atm. ) is released. When 
the product has assumed the right density 
and acidity, the contents of the autoclave 
are pressed into another vessel. From here 
the reaction mass is brought in 2 equal por- 
tions into a vessel which contains 140-150 kg. 
of dry sodium sulphate and is distilled at 
5-8 mm. reduced pressure in the course of 
12-15 hr^ The yield amounts to 630 kg. 

Process Control Tests — The strength of 
diethyl sulphate is determined by saponify- 
ing it with a measured quantity of hydro- 
chloric acid. 

Raiv Materials, Intermediates & Finished 
Product Specifications : Contents of the Auto- 
clave — The sp. gr. at 20°C. amounts to 
1*22-T25 ; acidity: 10 c.c. of it correspond 
to 28-35 c.c. of N. sodium hydroxide. 

Diethyl sulphate — The sp. gr. at 20°C. 
amounts to 1*18. Strength : 99*8 per cent 
of diethyl sulphate and about 0*1 per cent 
of monoethylsulphuric acid. 


35®C. Now the whole is pressed into the 
vessel (2). After IJ hr. the aqueous alkaline 
solution is run into the vessel (3), stirred to- 
gether with 10 kg. of kieselguhr and filtered 
through (4) into vessel (5). The clear alka- 
line filtrate is mixed with 160 kg. of ammo- 
nium chloride and stirred in the closed vessel 
during the night at room temperature. Then 
about 80-100 kg. of common salt are added 
in order to increase the sp, gr, of the aqueous 
layer to M3. The benzoylacetic ester is 
allowed to deposit in the course of 2 hr. and 
slowly separated using the separating vessel. 

The yield amounts to 415 kg. 

Recovery of the Naphtha — The naphtha 
remaining in the vessel (2) is introduced into 
the vessel (3), distilled off with steam through 
a cooler, separated continuously and can be 
used again in the vessel (1) without drying. 

The yield amounts to 475 1. 

Process Control Tests — The sp. gr. of the 
aqueous layer in the vessel (5) is tested. The 
strength of the benzoylacetic ester is deter- 
mined by ketonic cleavage by means of 
alkali and weighing the carbon dioxide 
separated from the acidified mixture. 

Raw Materials, Intermediates & Finished 
Product Specifications — 


APPENDIX 3 

Benzoylacetic Ester 

Principal Uses — Intermediate for making 
dyestuffs. 

Equipment — (1) Iron condensing vessel, 
7 cu. m., provided with coil and iron stirrer ; 
(2) iron separating vessel, 5 cu. m. ; (3) iron 
stirring vessel, 2*5 cu. m., provided with coil 
and cooler with continuous aluminium sepa- 
rator; (4) clarifying press ; and (5) rubber- lined 
precipitating vessel, 2*5 cu. m., provided 
with rubber-lined anchor stirrer and cooling 
jacket and continuous aluminium separator. 

Process — Into the condensing vessel are 
introduced 1,000 1. of water, 500 1. of Naph- 
tha C, about 130 1. of caustic soda solution 
( 33 per cent= 180 kg. ), 390 kg. of acetoacetic 
ester and 500 kg. of ice, the temperature 
being adjusted to about 5°-8°C. 

Into this mixture ar^ run in 422 kg. of 
benzoylchloridc and 540 1. of caustic soda 
solution ( 33 per cent ) with such a speed 
that the temperature does riot surpass 15®C. 
before half the quantity has run in. At the 
end of the running in the temperature may 
ri^ to 20'’C. The reaction must be distinct- 
ly alkalirie to thiazol paper. The whole is 
stirred for ano^er hour and then heated to 


Benzoyl chloride : 
sp. gr. 
b.p. 
m.p. 

Acetoacetic ester : 
Naphtha C : 
b.p. 
sp. gr. 

Benzoylacetic ester 


1-211 

198X. 

-IX. 

commercial product. 

130M90X. 

0-88 


sp. gr. 1-118/20X. 

b.p. 149X./12 mm. 

1,000 kg. Naphtha C is obtained as by-pro- 
duct per ton of finished product and is used 
again in the plant. 


APPENDIX 3a 

Terephthaloyl bis Acetic Ester 

Principal Uses — For dyestuffs. 

Equipment — (1) Condensing vessel made 
of iron, iron stirrer, cooling jacket for brine, 
( 3 cu. m. ) ; (2) separating vessel made of iron, 
( 5 cu. m. ) ; (3) stirring vessel made of iron 
with coil and connected cooler with continu- 
ously operating separator, contents 7*5 cu. m ; 
(4) clarifying press ; (5) rubber-lined preci- 
pitating vessel made of iron, with rubber- 
coated anchor stirrer and cooling jacket with 
connected cooler with continuously operating 
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separator made of aluminium ( 2 5 cu. m. ) ; 
and (6) stone-ware suction filter with receiver. 

Process — Into (1), containing 1,000 1. of 
water, 500 1. of Naphtha C and 340 1. = 348 
kg. of aceto-acetic ester while stirring, 25 1. 
of caustic soda solution ( 33 percent ) are run in 
at a temperature of lOX. Within U-2 hr., 
simultaneously 214 kg. of ground terephtha- 
loyl chloride teL quel,— 20i kg. of 100 per 
cent strength and about 355 1. of caustic soda 
solution ( 33 per cent ) are introduced. The 
reaction must always be strongly alkaline 
to phenolphthalein, but not yet to Thiazol 
Yellow\ The temperature is kept at 15°-20°C. 
by cooling with refrigerating brine. After 
stirring for further 2 hr. the mixture is sepa- 
rated in (2). The aqueous solution is mixed 
with 20 kg. of kieselguhr in (3) and filtere 1 
through (4) into (5). 68 kg. of aqueous am- 

monia (25 j>er cent ) and 1 10 kg. of ammonium 
chloride are then added. Stirring is j^erform- 
ed o\'ernight and after further standing for 1 
day the crystallized T-acetic ester is filtered 
off on (6). 

Yield — 225 kg. of 100 per cent strength. 

Recovery of the Naphtha The naphtha 
remaining in (2) is distilled off in (3) by means 
of steam through a cooler, separated conti- 
nuously and can again be introduced in (1) 
without being dried. 

Process Control Tests — Terephthaloyl 
chloride : determination of the degree of 
purity by vacuum distillation. 

Acetoacetic ester : commercial. 

T-acetic ester : determination of the degree 
of purity by coupling with diazotized aniline- 
2*5-disulphonic acid in an aqueous pyridine 
solution at a pVL 1 { double coupling ). 

Raw Materials, Inkrmediates & Fiuish- 
ed Product Specifications — 

Terephthalovl chloride : 

m.p. 75°-77T. 

b.p. 142X./12 mm. 

T-acetic ester : 
m.p. 


1,900 kg. of Naphtha C is obtained as by- 
product per ton of finished product and is 
used again in the plant. 

APPENDIX 9 

Blausulphochloride 

Principal Uses — For Blauthiosaure. 

Equipment — Enamelled stirring vessel 
with jacket, contents 2 cu. m. rubber- 
lined, and brick-lined vessel v\ith rubber- 
lined fittings and decomposing vessel, 
9 cu. m. Suction filter built in masonry 
with wooden grate and cloth * Iter of 
3 sq. m. 

Process — Within 2 hr. 150 kg. of m-di- 
chlorobenzene are run into the enamelled 
vessel containing 750 kg. of chlorosulphonic 
acid at 0°-10°C. Within I hr. the vessel 
is heated to 40°C., then maintained at 
this temperature for 3 hr. and cooled 
down again to 5"'-10°C. Then the con- 
tents of the vessel are pumped within 3-4 hr. 
into the decomposing vessel which con- 
tains T5 cu. m. of water and 3 cu. m. of ice. 
After stirring for 10 hr. the sulphochloride 
is filtered on the suction filter and washed 
with ice water until neutral. The resulting 
product has a dry content of 80-90 per 
cent. 

Process Control Tests — After finishing the 
sulphochlorination, a sample when placed on 
ice should not be oily ; when adding rock salt 
to the filtrate, no separation of flakes should 
take place. 

Raw Materials, Intermediates & Finished 
Product specifications — w-dichlorobenzene : 
analysis by fractional distillation. Blau- 
sulphochloride is a slightly greyish crys- 
talline product with a melting point of 
52''-53°C. (pure: 55°-56°C.). For calcula- 
ting the yield the dry content at 40°C. has 
to be determined. 


70"-7rC. 


( To be continued ) 
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Principles of Biological Assay, by 

C. W. Emmens ( Chapman & Hall Ltd., 

London ), 1948, pp. xv+206. Price 21s. net. 

This notice of Principles of Biologi- 
cal Assay ” by Dr. Emmens following the 
reviews 1 have had the honour of giving in 
recent issues of this Journal of two books on 
statistical methods, namely ** Industrial Ex- 
perimentation *' ( by Dr. Brownlee)^ issued by 
the U.K. Ministry of Supply, and ‘'Statistical 
Methods in Research and Production with 
special reference to the Chemical Industry ” 
(edited by Dr. Owen Davis )2 issued on behalf 
of the Imperial Chemical Industries Ltd., 
will perhaps serve to indicate the increasing 
scope and speed with which publications 
on the use of statistical methods are now 
being released. For long, these methods had 
been used for ascertaining economic magni- 
tudes of the resources of a country ; now 
they are also proving their worth for improv- 
ing the efficiency of agricultural and animal 
husbandry practices, for increasing the 
quantity and quality of industrial production, 
and for planning strategy and greater security 
in national defence. 

In his foreword to the book, Sir Perceival 
Hartley, formerly of the ( British ) National 
Institute for Medical Research, where the 
author of this book is working, quotes with 
evident Satisfaction a continental apprecia- 
tion describing England, the home of Fisher 
and Yates, Finney and Irwin among several 
other contemporaries, as “ the home of mo- 
dern biometry Rightly so. But the United 
States of America, too, where Chester Bliss is 
now working, and wherefrom come also L. J. 
Reed, W. R* Thompson, C. E, Rice and others, 
have not been lagging. After the discovery, 
by Professor R. A. Fisher, of the statistical 
techniques specially suitable for extracting 
information from small samples, and for test- 
ing significance in variations among identi- 
fiable sub-divisions (the italicized words being 
used in the technical sense now associated 
with each of them ), it was only a question of 
timie for biologists, pharmaceutists and statis- 
ticians to come together in the solution of 

1 . 1948 , 7 , 196 . 

2 . 1948 , 7 . ^ 


problems arising in the production of thera- 
peutic substances, of fungicides, insecticides 
and many other products in order that there 
may be guarantee that official requirements 
are complied with ( up to a measurable degree 
at least ). This has happened, sooner and 
more effectively perhaps than expected, be- 
cause of the official efforts of the Permanent 
Commission on Biological Standardization 
of the Health Organization of the League of 
Nations. 

The establishment by this Organization of 
International Standards marked a turning- 
point in biological assaying, and the readers 
of this book can follow the stages of this pro- 
gress from the earliest attempts at precise 
measurement of potency to the varying 
designs for assays and in the subsequent 
treatment of potency, to the varying designs 
for assays, and in the subsequent treatment 
of the results. In a brief space of about 200 
pages, divided into 20 practically non-over- 
lapping chapters, suitably illustrated with 
worked examples, the author has admirably 
succeeded in writing one single book which 
will “ enable the research worker or routine 
analyst who is not already an amateur statis- 
tician to plan his own tests and analyse them 
without reference to other manuals The 
foundations are of course the methods of 
analysis of variance, curve fitting and regres- 
sion relationship between log ( dose ) and 
response, and the first 5 chaj^ters are occupied 
with these. Randomization of test objects 
( Latin square design ) is dealt with in chapter 
6, the short-cut method of using polynomial 
coefficients is treated in chapter 7, while 
chapter 8. is given to the use of co-variance 
analysis ( rather the relative ineffectiveness 
of multiple CO- variance analysis for increasing 
precision)) and chapter 9 draws attention to 
missing terms and Bartlett's test for homoge- 
neity. Chapters 10 to 14 deal with estimation 
of relative potency, standard error of M and 
quant al response (discontinuous variation ), 
while " combined estimate of potency " in 
groups of tests and fiducial limits of error are 
again dealt with in chapters 17 to 20. Probit 
analysis is particularly dealt with in chapters 
15 and 16, while the author's general ap- 
praisal to " transformations " of the response 
methods is probably that what he states in 
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para 19.5 ( pages 194 and 195 ) — “ trans- 
formations of the response may be employed 
to equalize variances, but are not always 
likely to be successful ... ( we ) must bear 
in mind that it is rarely justifiable to at- 
tempt too much by way of statistical refine- 
ments . . . much better to repeat an assay 
than to spend hours trying out various 
transformations or tests for the rejection 
of aberrant responses and so forth 

Such summary disposal of transformation 
methods in an otherwise admirable book is 
somewhat surprising seeing that much com- 
mendable work has been done using the 
angular transformation in biological assays. 
Without going too much into details ( an 
illustration of this method appears in a paper 
by Knudsen and Curtis of the U.S. Federal 
Security Food and Drug Administration in 
the June 1947 issue of the Journal of the 
American Statistical Association, Vol. 42, 
No. 238, pp. 282-297 ), it may be said that 
the chief trouble in numerical work arises 
on account of the weighting factor, parti- 
cularly if it involves an appeal to a normal 
probability curve term. In the method of 
angular ( or square root ) transformation, the 
weighting depends only on the number of ani- 
mals used on each dose, and “ a comparison 
of the calculation time involved shows that 
the probit method requires about 12 times as 
long as the angular transformation method 
involving graph and monograph ” ( Knudsen 
and Curtis ). Again, in a recent paper pub- 
lished in September 1948 ( that is after the 
publication of Emmens’ book ) in Biometrics 
( A.S.A., Vol. 4. No. 3. pp. 197-210), W. R. 
Thompson “ assays ” several methods in 
use — the fundamental log ( dose ) — response 
curve, logistic curve, the integrated normal 
curve, etc., — and describes a situation in 
which the active agent and the inhibiting 
agent do not react completely but some of 
each remains dissociated. In his own preface, 
too, this author ( Dr. Emmens ) has stated 
that he confines himself only to some of the 
basic principles which the design of tests and 
the treatment of results should follow. 

To be self-contained in laboratory practice, 
this book has reprinted Tables I to and 
Table IX of Fisher and Yates' Statistical 
T ables for Biological, Agricultural and Medi- 
cal Research, and, in addition, a table due to 
Bliss ( reproduced from Quarterly Journal 
of Pharm. Pharmacol.) giving for stated values 
of the expected probit, the maximum and 
ttiinimum corrected probits, the range, and 
the weighting coefficients. These tables 


are, however, incorporated in the text of 
each chapter with numbers following table 
numbers of worked examples. It may have 
been probably more useful if they had been 
collected at the end of the book and marked 
with exclusive numbers or letters. Some- 
times, as in para 4.5 ( dealing with the change 
of base of logarithms), there is too much 
of (unnecessary) detail. On page 115 the 
limits 0T24±0'0304 t is a misprint, though 
an obvious one, for ()T214:F^’0304 i. 

These minor features aside, I think this 
very stimulating and very effectiv 'ly writ- 
ten book would be very welcome n^ c only to 
pharmaceutical biologists, but to the ortho- 
dox statisticians also, although the author's 
preface opens with unnecessary modesty, 
with the sentence, that this is not a 
text-book of statistics, or even of statistical 
methods of general application to biology ". 

K. B. M.\dhav.\ 

Thermodynamics, by Edward F. Obert 

( McGraw-Hill Book Co. Inc., New York ), 

1948, pp. ix-f571. Price $5.50. 

This book is intended to serve, in the 
words of the author, “ as a fundamental text 
in the fields of thermodynamics and heat 
power. The presentation is believed to be 
sufficiently rigorous to satisfy the students 
and to serve as an introduction to more ad- 
vanced topics that may be given in the later 
course.” The main objectives in writing the 
book, according to the author, are : (1) “to 
stress those essential aspects of the subject 
that every practising engineer must thorough- 
ly understand ” ; (2) ” to emphasize the 
continuity of thought leading to the Second 
Law ” ; and (3) ” to show that for many real 
situations the perfect-gas equation provides 
an adequate basis for study and analysis at 
least for engineers who use slide rules for com- 
putations ”, The text covers a wide range 
of subjects. It deals with numerous problems 
concerned with the flow of fluids, mixtures 
of gases and vapours, thermo-chemical cal- 
culations, air-conditioning, psychometry, and 
also the gas-turbine. Each chapter contains, 
at the end, a useful list of suggested referen- 
ces and also numerical problems. A list of 
relevant symbols is also provided at the 
end of each chapter. 

The book undoubtedly covers a very wide 
field and covers it w'ell, but it is unlikely to 
satisfy all the demands of a serious-minded 
reader interested more in ” understanding 
the subject ”, than in merely acquiring 
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information about it. The presentation in 
the text in some places gets rather heavy and 
involved. It has not, speaking generally, 
that lucidity of exposition and crispness of 
style which a young engineer-student would 
expect of a text meant to make him under- 
stand and provide insight into the fundamen- 
tals of a subject which is so important to him. 
Witness, for instance, the definition of dimen- 
sion given in the opening chapter of the book. 
It says : “ A dimension can be defined as a 
name describing certain qualities or charac- 
teristics of an entity. In this sense all 
names are dimensions and an infinite number 
of dimensions is possible. To reduce this 
number, certain descriptions may be express- 
ed in terms of other more basic descriptions 
(dimensions)". An unsophisticated reader 
can hardly be expected to derive much satis- 
faction or illumination from the above defini- 
tion. ( One would, perhaps, have expected 
the treatment of dimensions to run on lines 
somewhat similar to that in Guggenheim's 
instructive article on "Units and Dimensions" 
in a recent issue of the Philosophical Maga- 
zine,) Again, though the chapter describes 
Reynold’s number, there is no mention either 
in the chapter or elsewhere in the text of 
those important groups of dimensionless 
numbers that find such a wide application in 
the theory of natural and forced convection. 

As another instance of a statement likely 
to confuse the student, consider the following 
( page 110 of the text ) : " The Second Law 
is not restricted to interchanges of heat and 
work, but it is rather a broad philosophy on 
the behaviour of energy and energy trans- 
formations. Many statements of the Second 
Law have been proposed ; one of the most 
famous is that of Clausius : ‘ Heat cannot, of 
itself, pass from a colder to a hotter system 
Here, the obvious is recognized : Heat cannot 
flow ‘ uphill ’ ; that is, the potential gradient 
of temperature must be in the direction of the 
flow of heat. The thought of Clausius can be 
expanded to include not only temperature, 
but all intensive properties ( potentials ) : 

' Energy cannot, of itself, pass from a lower 
to a higher potential.’ " The above state- 
ment, at any rate, as it stands, is unfortunate. 
It often hapj^ns in science that things which, 
on a superficial analogy, appear to be obvious, 
may not really be so. In discussing the 
Second Law, in fact, the opportunity should 
have been taken to inculcate in the reader 
that, in spite of any feelings he may have to 
the contrary, the statement that heat cannot, 
of itself, pass from a colder to a hotter system, 


is far from being obvious. If there was only 
one method of transferring heat, the state- 
ment of Clausius would reduce to a tauto- 
logy it would merely become a criterion 
for determining as to which system was the 
hotter and which the colder of the two. How- 
ever, * — and herein lies the significance of the 
Second Law — as there are various methods 
of transferring heat, the Law asserts that no 
matter what method one employs, heat, of 
itself, will never flow from a colder to a hotter 
body. Again, the student should have been 
warned in assigning any significance to the 
superficial analogy between temperature and 
potential. The concept of temperature is 
not analysed adequately enough in the text. 

Frankly, the book is not likely to satisfy 
a reader who is interested in the study of the 
fundamentals of the subject. The book 
abounds in applications of the subject, pro- 
vides valuable information, but for the fun- 
damentals the reader will have to go to books 
by Planck, Ewing and Fermi, to mention a 
few names. Apart from this, the book under 
review will prove a useful addition to the 
existing large literature on thermodynamics. 
The charts at the end of the book, which 
cover a wide range of topics ( for instance, 
the v^alues of the total heat content of 
saturated air given in chart 5 ), will be 
of special interest to students of engineering 
and applied physics. 

D. S. K. 

The Chemistry of Acetylene and Related 
Compounds by Ernst David Bergmann 
( Interscience Publishers Inc., New York ), 
1948, pp. 108. Price 5 3.00. 

The book represents a course of 3 lec- 
tures delivered at the Polytechnic Institute 
of Brooklyn in 1946. Although the author 
regards the book only as an introduction to 
a vast field, he has in fact succeeded in giving 
a remarkably clear and comprehensive pic- 
ture of the reactions and transformations of 
acetylene and its derivatives. Much work 
has been carried out in recent years on the 
chemistry and technology of acetylene, which 
has immense possibilities as a starting mate- 
rial for the synthesis of a vast range of 
organic compounds. The applications of 
acetylene to the synthesis of organic inter- 
mediates, mainly due to the work of Reppe, 
have been described in several of the British 
and Combined Intelligence Sub-Committee 
Reports on the h G. Farbenindustrie, 
The large-scale utilization of acetylene for 
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chemical synthesis has become possible by the 
methods developed by the LG. for handling 
acetylene at high pressures and temperatures. 
The present book is an invaluable supple- 
ment to the technical reports, being an able 
and stimulating account of the mechanism 
by which acetylene functions in a variety of 
reactions. While a notable feature of the 
book is the very complete documentation, 
it is not a review, but a critical discussion 
which includes a considerable amount of 
unpublished work carried out by Dr. Weiz- 
mann, Dr. Bergman n and their collaborators. 

The first lecture begins with a thermo- 
dynamical consideration of the basis for at- 
tempting to make acetylene by high temper- 
ature cracking of hydrocarbons such as me- 
thane, and proceeds to discuss the formation 
of diacetylene as a by-product in the German 
electric arc process for the manufacture of 
acetylene from natural gas. The behaviour 
of acetylene and its derivatives towards the 
halogens, In^drating agents, and in vin^ia- 
tion of alcohols, phenols and amines are 
then discussed. Among other reactions, 
an unpublished observation that acetylenic 
alcohols add to diene hydrocarbons to 
give alcohols of the dihydrobenzene series 
is mentioned. The metal derivatives of 
acetylene are finally reviewed. 

The addition of nitrogen compounds to 
acetylene is further elaborated in the second 
lecture. Charts of Repp)e's acetylene-for- 
maldehyde and acetylene-acetaldehyde con- 
densations are accompanied by a treatment 
of the reactions and products. Weizmann's 
studies of the reaction of acetylene with 
ketones, using as condensing agent potassium 
hydroxide dispersed in an acetal or a dialkyl 
ether of an ethylene glycol, and of the trans- 
formations of the acetylenic carbinols and 
diols are described. The lecture concludes 
with a reference to the fact that acetylene 
provides us with all the substances, except 
for isobutylene, required for producing the 
known synthetic rubbers. 

The third lecture commences with a further 
discussion of the properties of the system 
potassium hydroxide plus solvents such as 
acetal or glycol dialkyl ethers. The poly- 
merization of acetylene is then considered, 
and the mechanism of the formation of vinyl- 
acetylene, divinylacetylene and the higher 
polymers is explained. From the reactions 
of various acetylenic compounds it is shown 
that the triple bond can participate in a con- 
jugated system with a, double bond to cause 
resonance phenomena. The polymerization 


of acetylene to cyclo-octatetraene and the 
properties and reactions of the latter are dis- 
cussed. There is a brief account at the end 
of acetylene derivatives occurring in nature. 

K. V. 

Paramagnetic Relaxation, by C. J. Gorter 
( Elsevier Publishing Co. Inc. ; Cleaver- 
Hume Press Ltd., London ), 1947, pp. vii + 
127. Price 12s. net. 

The behaviour of paramagnetics static 
magnetic fields has been the subjer' of ex- 
tensive study since the days of j. iraday. 
Both theoretical and experimental work has 
laid, well and truly, the foundation^ of our 
knowledge of this branch of magnetism. 

The study of the properties of paramag- 
netic substances in a magnetic field which 
varies harmonically ( with frequencies of the 
order of 10® Hz. ) has been comparatively of 
recent origin. Investigations lead to 2 
terms. The first is the high frequency mag- 
netic susceptibility whose dependence on the 
applied frequency is called paramagnetic 
dispersion. The second term characterizes 
the paramagnetic absorption of energy from 
the high frequency magnetic field. Waller’s 
paper in 1932 first gave a detailed theory of 
paramagnetic relaxation. He discussed in 
this paper the dependence of relaxation time 
on the strength of the magnetic field and 
temperature. 

Extensive experiments have been carried 
out on paramagnetic absorption and disper- 
sion by 3 independent methods. The first 
is the heterodyne beat method developed 
mostly in Leyden ; the second method is a 
calorimetric one used extensively at Amster- 
dam. Finally, detailed investigations have 
been carried out at Leyden by the bridge 
method for the simultaneous determination 
of paramagnetic dispersion and absorption. 

In the book under review, these problems 
have been treated in detail. The first chapter 
gives a historical account of the subject and 
makes clear the fundamentals involved in the 
study of paramagnetic relaxation. Thermo- 
dynamical considerations lead to a relation 
between adiabatic magnetic susceptibility 
and ordinary or static susceptibility. At 
low frequencies the susceptibility tends to 
the static value while at high frequencies 
the adiabatic value is obtained. 

The second chapter gives full details of the 
3 experimental methods stated above. The 
advantages and disadvantages of each of 
these methods are fully discussed. A review 
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of the results obtained by these methods with 
several substances is given in chapter III. 

A resume of the theory in the light of ex- 
perimental evidence is presented in chapter 
IV. The theories of spin and lattice relaxa- 
tions are considered in detail. The exchange 
of energy between the magnetic ions and the 
lattice i's considered either as a lattice vibra- 
tion quantum absorbed or emitted by the 
ions or alternatively as a vibration quantum 
being scattered non-elastically by the mag- 
netic ions — a sort of a Raman ” process. 
The first order process preponderates at 
liquid helium temperatures while “ Raman 
processes are more frequent at liquid air 
temperatures. These theoretical considera- 
tions constitute the basis of the theory of 
paramagnetic relaxation. 

Chapter V presents a discussion of the 
results outlined in chapter III on the basis 
of the theory given in chapter IV. It is well 
recognized that a qualitative understanding 
of the phenomena involved has been reached 
in certain respects. Several problems which 
need further study and elucidation have been 
briefly stated at the end of the book. 

The book under review presents, in a con- 
cise and lucid form, full theoretical and ex- 
perimental details of this new and rapidly 
growing branch of paramagnetism. Investi- 
gators ih the field of magnetism and allied 
subjects are sure to find much in the book 
that would be of special interest and 
importance. 

S. R. R. 

Colorimetric Methods of Analysis, Vol. I, 
3rd edition, by F. D. Snell & C, T. Snell 
( D. Van Nostrand Co. Inc., New York ; 
Macmillan & Co. Ltd., London), 1948, 
pp. xii-|-229. Price $ 4.50 or 255. net. 

The book under review is the third 
edition of the first volume of the authors' 
comprehensive treatise on Colorimetric 
Methods of Analysis and includes some im- 
portant nephelometric, turbidimetric and 
fluorometric methods. The latest edition 
of the entire treatise is divided into three 
volumes. The present volume, the first of 
the series, covers treatment of theory, ins- 
truments and />H. The second and third 
volumes deal respectively with inorganic 
and organic applications of the methods. 

The treatment of the subject-matter in this 
volume is rather of a condensed nature, 
as it aims at a complete ' treatment of all 
instruments and methods. As such, it will 


not be easy for those, who are not already 
more or less familiar with these methods 
and instruments, to follow their description 
foe practical work. But as more or less 
complete and up-to-date references to 
original literature have been cited in all 
cases, those interested in the subject will 
undeniably find the book to be of great help. 

Colorimetric methods, together with its 
newer development in the form of nephelo- 
metry, turbidimetry and fluorometry, are 
acquiring ever-increasing usefulness and 
importance as powerful and speedy means 
for the estimation of minute quantities of 
substances not only in the field of chemistry, 
but also in various other allied branches of 
science, particularly in biology, physiology, 
soil science, etc. In the assay of vitamins 
and certain other biological materials, colori- 
metric methods are the only available means 
of investigation. They are also being exten- 
sively used as controls in the manufacture 
and standardization of many industrial pro- 
ducts related particularly to foods and drugs. 
The present volume will, therefore, not fail 
to receive a wider welcome than what might 
have otherwise been restricted to the circle 
of analytical chemists only. 

After a general but brief account of the 
various types of colorimetric methods, a short 
discussion of the essential theory behind these 
methods, dealing with the physical laws of 
transmission and absorption of light, has 
been added. This is followed by a somewhat 
detailed account of the various methods in- 
cluding spectrophotometry, filter photometry, 
and photo-electric methods together with a 
short description of the various types of 
instruments employed in each case. An 
entire chapter has been devoted to the des- 
cription and use of glass filters. Then an 
account of nephelometry, turbidimetry and 
fluorometry with a description of the 
different instruments employed for the pur- 
pose has been added. A chapter hereafter 
deals with the factors limiting the accuracy 
of colorimetric methods and the typical 
sources of errors involved. Then follows a 
short chapter on calculations for different 
types of methods. A considerable part of 
the book has, however, been reserved at the 
end for the discussion of colorimetric methods 
for determining hydrogen ion concentration 
or values of solutions with the help of 
indicators. This includes an account of the 
theory underlying the methods and deals 
with the sources of errors and accuracy in 
each case ; preparation of various buffer 
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solutions and indicators have also been in- 
cluded, followed by a somewhat detailed 
description of the preparation of samples for 
pH determination ; the book then closes 
with an account of the different methods 
of pH measurement describing the procedure 
to be followed under each. 

Author and subject indices at the end have 
been carefully prepared. The printing and 
get-up leave nothing to be desired. 

There are a few misprints or errors which 
have come to the notice of the reviewer. Of 
these, the following may particularly be 
mentioned : 

On page 65, “ transmittance^Ij/Ia" should 
be inverted and written as Ig/Ii. 

On page 143, 1.14, “ 0.1000 " should be 1.0. 

On page 159 in eq. (11) at the bottom, 
"(l-a)K,n” should be replaced by aKi. 

On page 210 in the last line over Table 
44, the words “ sample ” and “ standard " 
should better be exchanged ; the same 
holds good also for the words “ initial " and 
“ final " on page 217, in line 8 from the 
bottom. 

The deduction of eq. (13) on page 161 is 
also not quite clear. 

P. Ray 

Handbook of Textile Industry, by Sir 

Padampat Singhania ( Bureau of Econo- 
mic Research, Kanpur ), 1948, pp. xxxii+ 

542-fiii. Price Rs. 15. 

India's premier industry — the textile 
industry, is by far the single largest industry 
of the country with a block capital of Rs. lO'O 
crores. The industry employs nearly a 
million people in its different stages. The 
total value of the annual production by the 
industry exceeds Rs. 400 crores. AU the 
above facts are exhaustively annotated in 
this handy publication. 


This collective publication compiled by a 
group of economists, technicians and indus- 
trialists and edited by the Director, Bureau 
of Economic Research, Kanpur, is compre- 
hensive and up to date from every point of 
view — statistical, financial and technical. 

In addition to cotton textiles, the book 
contains an authoritative account of other 
textile materials : woollen, silk, jute, flax, 
rayon, etc. Auxiliary requirements for the 
industry such as mill stores, machinery, 
spare parts, chemicals are dealt with in the 
publication. 

The chapter on Post-war Planning " is 
a lengthy one, and includes summaries of 
Industrial Panel Reports, both published 
and unpublished. The statistical section is 
an elaborate one and gives several useful 
tables. 

The financial aspects of the industry have 
received special attention. The balance- 
sheets and working results of over 500 leading 
textile concerns ( for periods extending from 
4 to 7 years ) are critically analysed. Other 
topics discussed under this section are cotton 
consumption, labour employed, capital 
structure, profit earning, etc. This chapter 
will be of special interest to the investing 
public. 

The Who is Who ” .section with specially 
prepared write-ups and photographs gives 
biographical sketches of all those personalities 
who have contributed to the growth and 
stability of the textile industry. The pro- 
ceedings of the last four sessions of the All- 
India Textile Conference with special emphasis 
on some of the important pronouncements 
made during the conference by leading textile 
technicians and industrialists are included. 

The Handbook is an indispensable refer- 
ence volume to all connected with the textile 
industry. 


A. K. 
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Estimation of Lactose 

The existence of uncertain- 
t:es in the tables employed in the 
determination of lactose, alone 
and in the presence of sucjrpse, by 
the method of MunspiUi^^|3Valker 
has led to the redd||iMl!^^ of 
the su gar-red from 
which a set of t^ifes been 

computed ( /. Res., 1948, 41, 211 ). 
The copper equivalents of lactose 
determined range from 7*7 mg. 
up to 342-0 thg. alone and in the 
presence of 6-6 mg, to 355-8 mg. of 
sucrose. The method employed 
is that of Munson and Walker 
{ /. Amcr. Chem. Soc., 1906, 28, 
663). 

The lactose used was prepared 
from U.S.P. lacto.se. A hot 50 
per cent solution was treated with 
vegetable char and filtered. Alu- 
minium hydroxide was then 
added, solution filtered anef lactose 
crystallized. The material was 
re-crystallized, washed with water 
at 5'’C. and dried at room tem- 
perature in a desiccator. Analysis 
showed : moisture, 5-05 per cent ; 
ash, 0-003 per qent ; and [a] p ~ 
52*54^. The data indicate that 
the material is lactose mono- 
hydrate, CjaHjjOij.HaO. The 
sucrose used was National Bureau 
of Standards, sample 17. 

The basic conditions for the 
determination, as given by Mun- 
sen and VV^alker, were followed. 
The Soxhlet reagent contained 
34-639 gm. of copper sulphate, 
CUSO4- 5HjO, in 500 c.c., and 173 
gm.of potassium sodium tartaratc 
( KNaC4H404.4H20 ) and 50 gm. 
of sodium hydroxide in 500 c.c. 
All solutions were measured at 
20X. 

In the original method the 
solution was heated over a gas 
flame, but in this work electrical 
heating was substituted. The 
heater was such that the solutioti 
in the beaker was practically 
surrounded by the heating element 
and the current was controlled by 
a constant voltage regulator and 
a variable ratio transformer. The 
solution could be brought to boil 
in the required time within ±_ 5 
sec. 

The determinations were made 
as follows *. 50 c.c. of the solution 
containing lactose were transferred 
to a 400 c c. beaker containing 
50 c.c. of the ^ mixed Soxhlet 
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reagent. The solution was heated 
to the boiling point in 4 min. and 
then allowed to boil 2 min. longer. 
The cuprous oxide was transferred 
immediately to a Gooch crucible 
and washed with water at 60°C. 
It was then dissolved by adding 
5 c.c. of 1 : 1 nitric acid, and thfe 
crucible w-as quickly covered. 
Before the addition of acid a small 
quantity of water was added to 
the crucible to minimize the 
evolution of nitric oxides. The 
copper nitrate and washings were 
received in a 250 c.c. beaker to 
which 10 c.c. of 1:1 nitric acid 
and about 5 gm. of ammonium 
sulphate had been added. Suffi- 
cient water was added to cover the 
cylindrical platinum-gauze elec- 
trodes, the total volume of 
electrolyte being about 180 c.c. 
The electrolysis was conducted 
overnight at room temperature 
and at an approximate current 
density of 0-10 amp,/dm*. Upon 
completion of the deposition, the 
electrolyte was replaced by dis- 
tilled water before the circuit was 
broken. The copper was washed 
with alcohol, dried for 15 min. at 
lOOX., cooled in a desiccator and 
weighed. All deposits were bright 
and showed no evidence of oxida- 
tion. 

Controls for Testing 

Textile Colour Fattbess 

A SIMPLE METHOD OF CONTROL- 
ling the integrated exposure of 
fluctuating arc lamps employed in 
testing light fflyitisiess of textile 
dyeings is described ( ./. Res., 
1948, 41 , 109 ). The procedure 
is to ex|>ose a piece of light-sensi- 
tive test paper, placed in front of 
an arc lamp along with materials 
to be tested, and terminating the 
exposure when a match with a 
standard, observable with the 
unaided eye, is obtained. The 
standard is a strip of the same 
batch;, paper that has been 
exposSIjSn a master lamp to a 
definite light dosage. 

Carbon arcs are commonly 
employed for testing colour fast- 
ness of dyed fabrics and of stabi- 
lity of materials in general to light. 
The lamps usually employed are 
“ Fade-O meter ” type. Since 
uniform performance of arc lamps 
is a practical impossibility, a 
method of exposure control by 


estimating the radiant output 
with a light-sensitive material is 
a necessity. The method, based 
on standards produced with re- 
producible light dosages rather 
than reproducible batches of the 
light-sensitive media, has been 
found satisfactory. Freedom from 
difficulties of batch reproducibi- 
lity, ease of recognizing the extent 
of exposure, reasonable assurance 
of uniformity within each batch, 
wide range of exposure periods 
available, and general standardiza- 
tion of procedure, constitute the 
main adv^antages of the method. 

A special kind of paper was 
coated with a light-sensitive dye. 
A portion was standardized in a 
master lamp by exposing it to a 
convenient measured light dosage 
defined in terms of “ standard arc 
hours ”. This standardized paper 
becomes a secondary standard to 
gauge light dosage in other lamps. 
In a typical application, a piece of 
light-sensitive paper is simulta- 
neously expo.sed with materials to 
be tested, and when a match is 
obser\'cd with the unaided eye, 
the materials are assumed to have 
received corresponding light 
dosages. Estimating the degree 
of exposure, is facilitated by 
auxiliary standard strips repre- 
senting 80, 90, 110 and 120 per 
cent of the light dosage. 

The actual time of exposure is 
immaterial unless it differs consis- 
tently by 30 per cent or more 
from the number of standard arc 
hours identified with the exposure, 
indicating that an adjustment of 
the lamp may be desirable. 

The requisites of a light-sensi- 
tive paper are ; colorimetrically 
stable in the dark, both exposed 
and unexposed samples producible 
in large uniform batches, normally 
responsive to temperature, arc 
characteristics and relative humi- 
dity, and visually sensitive. 

2 samples produced at the 
National Bureau of Standards 
were found suitable. The piapers 
were neutral ( />H 6-8 ) and 
unsized. Paper 1444 was made 
entirely of wood pulp and paper 
1370 entirely of cotton. The 
papers made from cotton fibres 
were considerably more uniform 
in fading rate than those made 
from wood pulp. These 2 papers 
were tested with 47 representative 
dyes and it was found that 
National Aniline Niagara Blue G. 
Cone., lot 64704, colour index 
502, and, to a lesser extent, 
Du Pont Victoria Blue Cone., lot 
22, colour index 729, gave the 
most useful products. By vary- 
ing the dye, fibre and method of 
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application, papers of different 
facfing rates were obtained. The 
samples had the following treat- 
ment and exposure characteristics : 

(a) Paper C : Exposure time, 3 
to 10 hr. ; paper 1370, tub-dyed 
with 0-09 per cent Victoria Blue 
in 1:3, 95 per cent ethanol tap 
water solution. 

(b) Paper E : Exposure time, 
10 to 40 hr. Paper 1370, tub- 
dyed with 0-54 per cent Niagara 
Blue in tap water 

(c) Paper F ( or A ) : lixposure 
time, 40 to 100 hr. Paper 1444. 
tub-dyed with 0-65 per cent 
Niagara Blue in tap water. A 
somewhat lighter modification of 
paper F has been referred to as 
paper A. 

(d) Paper S : Exposure time, 20 
to 40 hr. This paper was beater- 
dyed by adding a solution of 
Niagara Blue to give a 0-5 per cent 
ratio dye : fibre, using the same 
kind of fibre as in paper 1444. 
Melamine resin ( 3 per cent on 
iibre weight ) was added to the 
beater to give high wet strength 
for u.se in lamps with water spray. 

These 4 types serve to indicate 
the methods of producing papers 
of various desired characteristics, 
fhe tub-dyed papers, which are 
finished papers run through a dye 
bath, must be used dry ; the 
beater-dyed paper is non-leaching 
and may be used for " weather- 
ing ” lamps, but is decidedly 
inferior to the tub-dyed papers in 
sensitivity. The latter have the 
disadvantage of tending to ex- 
haust the dye bath which thus 
retjuires replenishing from time 
to time. 

All the samples were uncalen- 
dered after dyeing and were 
found unchanged during storage 
for 8 to 18 months. 

'J'he standardized strips are 
mounted in a comparison booklet 
having flexible black cellulo.se 
acetate covers to protect the 
strips from soiling and light during 
iion-u.se. 

Although temperature has no 
effect on the fading rate of papers 
in the dark, it has considerable 
influence during exposure to light. 
Temperature specifications for 
papers should ensure uniformity 
of their performance. The ligh^- 
sen.sitive papers showed excessive 
fading whenever exposure was 
interrupted through failure of arc 
in overnight runs. Other factors 
requiring standardization are ; 
relative humidity, type of arc, 
and voltage. 

With the master lamp it is not 
possible to obtain a precise frac- 
tion of a light dosage for auxiliary 


standard strips because of varia- 
tion of electrode resistance during 
the burning of carbon electrodes. 
For this reason light dosage is 
measured by means of an “ expo- 
sure meter 

For reproducible results the 
carbon electrodes must be of 
uniform quality and .size. 7'he 
arc is enclosed in a 18 cm. Corex- D 
tul>e, and the arc chosen is one 
which burns in a current of air 
without depositing any residue. 
The arc lamp is housed in a special 
room at 25° ± 0*5°C. and 50 i 1 
per cent relative humidity in 
order to avoid seasonal effects. 
Regulation of arc current is neces- 
sary for reproducible performance 
of the arc. A device, which is 
essentially a contact-making 
ammeter, regulates the arc current 
at 30 amp. by controlling a rever- 
sible motor that regulates the arc 
gap. The line voltage is kept 
within a tolerance of j_ 0*5 per 
cent by means of an induction 
voltage regulator. mechanical 
type. The line voltage is applied 
to a fixed transformer that ope- 
rates the arc near 40 volts. 

By limiting the tests to a defi- 
nite portion of the electrodes, 
it is possible to obtain a measure 
of the reproducibility of the arc 
by relating radiant energy which 
was measured in turn by an 
exposure meter. 

Synthetic Methanol 

Recent developments in syn- 
thetic methanol production in the 
United States have been reviewed 
( /m/. Eng. Chew., 1948, 40 , 2230 ). 
The phenomenal growth of the 
industry is attributed to the 
accelerated demand for formal- 
dehyde required in the plastics 
industry. 44 per cent of the 
output ( total output 138 million 
gal. in 1948 ) is utilized in formal- 
dehyde production and 38 per 
cent in the automobile anti-freeze 
industry. 

The more important synthetic 
methanol plants are the Du Pont 
plant located at Belle., W. Va., 
and the 2 plants of the Commercial 
Solvents Corporation at Peoria and 
at Sterlington. The Du Pont unit, 
a by-product unit attached to the 
ammonia synthesis plant, was the 
first to go into operation. The 
carbon monoxide impurity was 
removed by methanation. This 
practice of running a single 
synthesis gas and steam through 
both methanol and ammonia 
converters is considered to be a 
major American contribution to 
the technology of methanol syn- 


thesis. This practice is widely 
adopted in Europe. 

The Commercial Solvents Corp.’s 
plant, also a by-product unit, uses 
fermentation gas from butyl 
alcohol-acetone units as raw 
material. The gas consist.s of 
carbon dioxide ( 60 per cent ) and 
hydrogen (40 per cent). This 
installation was the first to use 
high pressure synthesis employing 
a specially dev^eloped catalyst. 
The Sterlington plant also ope- 
rates on the .same lines. 

The raw gas for the Sterlington 
plant is obtained from the nearby 
Monroe gas-fields ( about 50 miles ) 
at a pipe-line pressure of 35-50 
Jb./sq. in. The gas is made up of 
methane (93-18 per cent) and 
unsaturated hydrocarbon gases. 
The gas is fed to the reformer 
furnace at a pressure of 27 lb./.sq. 
in. The process gas is pre-heated 
in a gas-fired spiral tube ( 225' x 5'^ 
dia. ) and passed through sulphur 
removing drums (6' 6 " dia. a 28' 
deep ) filled with extruded zinc 
pellets ( 0-1875" > 0-5" ). The puri- 
fied gas is mixed with steam at 
30 Ib./sq. in., which has been 
heated to 940°F. in a shell and 
tube heat exchanger. The ratio 
of steam to gas is mechanically 
adjusted, and mixing is accom- 
plished by a simple T-joint. The 
combined gas and steam passes 
downward through a bank of 132 
catalyst- filled tubes arranged in 
6 sections in the reformer furnace. 
The catalyst consists of 0-75" 
ceramic cubes impregnated with 
finely divided metallic nickel. 
The furnace is gas-fired from the 
top and held at about 1,750°F. 
'J'he flow of gas to the furnace is 
regulated by the temperature read- 
ing of a thermo-couple located in 
the reffjnned gas outlet where the 
temperature is held at 1,250'F. 

The reformed ga.ses pa.ss imme- 
diately through a steam super- 
heater where the temperature 
drops to about 950 °F., then into 
a boiler feed water-heater where 
it is cooled to 335 "F. and finally 
in a bubble-cap tower cooler. 
The water stream in the cooler is 
controlled to hold the tempera- 
ture below 120 F. to avoid cor- 
ro.sjoq. 

The reaction of steam and 
methane in the reformer follows 
the equations : 

CH 4 rH,0^3H,-fCO ( 1 ) 

H .. , 49,271 cal. 

CH,-f2HaO-4H,-fCO (2) 

. 39.443 cal. 

From these reformed gases 
methanol is formed according to 
the following equations : 
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CO+2H,-— ►CH.OH (3) 

AH= -21,630 cal. 
CO,+3H,— >CHaOH + H,0 . . (4) 
A H= -11,850 cal. 

For the products of equation (1) 
and (2) to react according to 
equations (3) and (4), excess 
carbon oxides have to be provided. 
At the Sterlington plant excess 
carbon dioxide is introduced along 
with the reformer gas. This 
procedure is wasteful as a third of 
the hydrogen gener^jted is con- 
verted to water andp^t^i^ol gets 
diluted. The receniljpeiice is to 
exclude carbon dioxicf^ and induce 
the reaction to proceed according 
to equation (3), the only drawback 
being excessive temperature in 
the catalyst mass which, if not 
properly regulated, results in 
methane reformation. Addition 
of carbon dioxide in the converter 
feed has a quenching action and 
affords a simple means of control- 
ling the speed and temperature of 
the methanol synthesis reaction. 
Synthesis from monoxide gives 
.about 95 per cent methanol, and 
the mixture of dioxide and mon- 
oxides gives about 80 per cent 
methanol. 

The methanol converters con- 
tain catalyst-filled baskets of a 
special design patented by the 
Commercial Solvents Carp. They 
are so designed that the baskets 
can be lifted from the top of the 
converter shell by an overhead 
crane for convenient examination 
and replacement. The catalyst 
is a specially patented product by 
the Commercial Solvents Carp, and 
was developed first at the Peoria 
Works { French Patents : 635,023 
and 636,337, 1927). Since the 
converters are estimated to have 
about 12 to 15 per cent conversion 
per pass, new make-up gas com- 
prises only about 15 per cent of 
the feed. 

The Sterlington plant, opera- 
ting at about 5,000 Ib./sq. in. and 
400^'C., is a relatively high temper- 
ature and low pressure operated 
unit. Current practice in methanol 
conversion makes use of 7,200 to 
14,700 Ib./sq. in. pressure and 
250“ to 400°C. temperature. The 
percentage conversion varies in- 
versely with the temperature and 
directly with pressure^ Optimum 
conditions are reported in the tem- 
perature rartge of 300^ to 400“C. 

Condensed ^methanol and un- 
reacted gases from tj>^ after-cooler 
flow to a methanol separator 
where separation of the gases and 
methanol is accomplished and 
liquid methanol flows by mecha- 
nical liquid level control to the 
let-down drums where it is 


pumped through positive displace- 
ment meters to intermediate 
storage tanks. 

An external refrigeration sys- 
tem, having a capacity Of 130,000 
B.T.U. per hr., is provided to 
condense the v^apours vented from 
the let-down drums. 

The crude methanol is distilled 
in a continuous refining unit 
consisting of 3 columns, the 1st 
one being a 45-tray column. 
Crude methanol, pre-heated, is 
introduced between the 17th and 
24th tray in the 1st column. The 
column is heated by 35 lb. steam 
through a closed calandria cut in 
below the last tray. The 3rd 
column is the largest consisting 
of 75 trays ; the feed is introduced 
at the 14th and 19th tray, and 
methanol is taken off between 
67th and 73rd tray. 

Extensive instrumentation and 
automatic controls are a feature 
of the plant. Mo.st gas flow meters 
operate by measuring the pressure 
drop through a fixed orifice. 
Automatic valves are of the air- 
actuated diaphragm type. Tem- 
perature measurement is by 
thermo-couples. Pressures are 
measured by Bourdon tubes. All 
compressors are equipped with 
automatic cut-outs operated by 
lubricating oil pressure as well as 
emergency switches located at 
strategic points in the compressor 
house. Any or all of the com- 
pressors can be stopped instan- 
taneously. A safety device also 
is installed on the reforming 
furnace which actuates an alarm 
if the furnace temperature exceeds 
1,500“C. Automatic liquid level 
indicators are of the mechanical 
float type. Bubbler type direct 
reading indicators are used to 
indicate still reservoir levels. 

Industrial Chromatography 

Chromatography has now be- 
come a commercially feasible unit 
operation ( Chem. Met. Eng., 1948, 
55, 133 ). In the separation of 
rare earth elements by this method , 
it is possible to separate the indiv- 
idual elements with high purity 
so that they contain less than one 
part per million of either of the 
adjacent rare earth neighbours. 

The possible uses for chromato- 
graphy are : (1) testing the 

homogeneity of a substance ; 

(2) establishing the identity or 
non-identity of 2 substances ; 

(3) concentration of a product 
occurring in natural sources at 
great dilutions ; (4) separation, 
identification, estimation and iso- 
lation of the constituents of a 
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mixture ; (5) purification, e.g. of a 
technical product ; and (6) identi- 
fication and control of commercial 
products. 

The commercial adsorbents 
commonly employed are : activ-. 
ated car^n, alumina, silica gel, 
sugars, aluminium oxy-hydrate, 
magne.sium oxide, calcium hydro- 
xide, calcium sulphate, calcium 
carbonate, soda ash, P'loridin, 
Fuller’s earth, and the zeolites. 
The ion-exchange resins exhibit 
the ^ame chromatographic separa- 
tability that the physical adsor- 
bents do. Moreover, these can be 
tailor-made for an individual 
job. 

The design of chromatographic 
columns for batch operations is 
determined by the flow rate, 
particle size, column diameter and 
column height. The main cal- 
culable factor is pressure drop. 
The adsorption columns used by 
the Valley Vitamins Inc., Tex., 
are 26'' in dia. and 7' in height. 
Adsorbent supports consist of : 
first, a steel plate with y holes 
drilled on centres, then a 100- 
mesh stainless or monel screen, 
and finally a i" galvanized screen. 
Columns used by Merck & Co., 
at Hlkton, Va., are 36" in dia. by 
12' of packed height. Bed sup- 
ports for these columns consist 
of sieve plates and layers of fine 
mesh wire cloth. Pressure drop 
through these columns is 60 psig. 

3-carotene, xanthophyll and 
chlorophyll are produced from 
alfalfa by Valley Vitamins Inc. 
The ground alfalfa is first extract- 
ed with hexane and the 3 pig- 
ments separated by chromato- 
graphy. The resulting separate 
solutions are concentrated, and 
the products recovered for sale. 
6 adsorption towers are in service. 
Normal practice is to charge the 
towers in pairs, each pair being 
charged in parallel. At a given 
time, one pair is being charged 
with the crude solvent mixture, 
the second pair is eluting xantho- 
phyll and the third pair is eluting 
chlorophyll. Carbon black is the 
adsorbent employed. Hexane is 
charged at the bottom at a rate 
of 3 gal. per min. at first, and then 
the crude extract at the rate of 
1 gal. per min. Operation is 
continued till lipoids appear in the 
discharge. The time taken is 
126-155 rain. Sight glasses are 
provided at the top of the tower. 
The charging of extract is stopped 
when the yellow colour of the 
carotene appears in the discharge. 
Hexane is pumped next for about 
110 min. till the yellow colour of 
the discharge begins to fade. 
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The towers are next allowed to 
drain to avoid contamination by 
hexane of the hexane-isopropanol 
solvent used for the elution of 
xanthophyll. The solvent is pump- 
ed from the bottom at the rate 
of 2 gal. per min. The darkening 
of the sight glasses shows that 
xanthophyll has started eluting. 
The time taken is about 4 hr. for 
the xanthophyll to elute, which 
is indicated by the fading of 
yellow colour. 

Benzene-isopropanol mixture is 
employed for eluting chlorophyll 
which is pumped from the top. 
The discharge is for about 8 hr., 
the bottom sight glasses showing 
a light green discharge. 'I'he 
tower is washed for another 8 hr. 
with fresh benzene-propanol thus 
completing the cycle. 

Carotene extract which is con- 
taminated with lipoids is subjected 
to a second adsorption step for 
the removal of lipoids. 4 more 
towers are employed for this 
purpose. Fresh hexane is pumped 
into the bottom of 2 towers at 
about 3 gal. per min. and when 
the solvent is flowing out through 
the sight glasses, the carotene 
extract is pumped in at the same 
rate until the lipoids appear in the 
discharge ( tested manually by the 
greasy character of the discharge 
fluid ). The feed rate is then 
reduced to 2 gal. per min. until a 
yellow' colour appears in the 
discharge which takes about 45 
min. Weak carotene eluate is 
pumped through until the yellow 
colour fades. J'he towers are 
w'ashed wdth benzene-isopropanol 
solvent till the discharge shows no 
yellow' colour and finally with 
hexane for about 90 min. to 
complete the cycle. 

Merck S' Co. u.ses chromato- 
graphic adsorption on alumina to 
produce highly active strepto- 
mycin. When a .solution of crude 
streptomycin is passed through 
the column and then eluted with 
pure methanol, the activity of the 
effluent rises rapidly from 0 to a 
peak, and then tails off slowly. 
A solution of streptomycin hydro- 
chloride in methanol is pumped 
through the columns at 60 psig. 
pressure into the top of the 
column, which is fitted with 
100-200 mesh alumina. At the 
end of a given amount of feed 
solution, the pumping is stopped 
and the column is fed with pure 
methanol to elute the crude 
streptomycin at the top of the 
column. The effluent from the 
column is tested chemically by 
spot tests and when active material 
appears, the effluent is directed to 


a receiver directly under the 
column. Spot chemical analysis 
is permissible despite the time it 
takes, because the entire cycle 
takes 24 hr. The column is 
re-vivified with distilled water. 
Channelling and faulty column 
operation is avoided by main- 
taining the column full of liquid at 
all times. 

At present 2 major fields of the 
process industry — biochemical 
and petroleum refining — are act- 
ively employing chromatography. 
The biggest advance in the petro- 
leum field would be the develop- 
ment of continuous chromato- 
graphy. The up-grading of lubri- 
cating oil fractions by removal of 
aromatic constituents, and the 
production of pure organic chemi- 
cals from natural, cracked hydro- 
carbons, are 2 fields in which 
chromatography is likely to be 
employed on a large scale in the 
future. 

Improved Methods of 

Sulphuric Acid Manufacture 

A NEW THEORY OF SULPHUR 
dioxide oxidation has been recent- 
ly developed and embodied in 
several patents by the Italian 
chemists : (iuareschi, G. Marag- 
liano-Busetti and Lucia Pettinati 
( Chem. Age, 1948, 59 , 849 ). 

An improved method has been 
envisaged for the production of 
oleum by catalysis, whereby plant 
and operation are simplified and 
considerable economy in cost and 
space is ensured. In this inven- 
tion, the mixture of ga.ses from the 
pyrites furnace, aPer purification, 
is liquefied. The mixture is re- 
duced to SOj-hiOg ratio and 
led into a heat recuperator attach- 
ed to the pyrites furnace where 
the temperature is raised to 450'"- 
480''C. Owing to the high con- 
centration of gas, catalytic re- 
action takes place giving a high 
yield. 

In another patent on oleum 
manufacture, instead of the SO 3 
being absorbed by the acid in a 
gaseous state, it is solidified and 
dissolved in this form in a mono- 
hydrated sulphuric acid ( 98 per 
cent ) solution. By this all bulky 
and costly plant parts, such as 
absorption towers, are eliminated. 
In the patent by Maragliano- 
Busetti and Pettinati for the 
intensive manufacture of sulphuric 
acid, nitrogen oxides are used as 
reaction catalysts and accelera- 
tors. Sulphuric acid is formed 
simultaneously with the recovery 
of liberated nitrogen oxides. The 
SOj is in intimate contact with 
nitro-sulphuric acid ( nitrosyl sul- 


phate ) dissolved in sulphuric acid 
of over 60° Be. The reaction is at 
first vigorous and nitrogen oxides 
are set free in bulk and are 
oxidized immediately. By suitably 
varying the amount of nitrosyl 
sulphate, the composition of sul- 
phureous gas mixture and the 
temperature, the two phases 
inv'olved in the cycle become 
practically simultaneous. 

Germanium Electronic 

Appliances 

A GERMANIUM CRYSTAl RECTIFIER, 
which has been recently developed, 
is less liable to overload than the 
usual silicon rectifier ( Nature, 
1948, 162 , 982 ). It can with- 
stand a peak inverse voliage of 80 
volts and deliver a maximum con- 
tinuous current of 50 milliamperes; 
although its frequency response is 
inferior to that of silicon, it is very 
much superior to that of the metal 
oxide rectifier. As a detector or 
rectifier, it can replace the vacuum 
diode with considerable advantage 
being a non-heating device. A.C. 
hum, noise and thermal delay, 
from which all hot-cathode dev ices 
of the \aciium type suffer, are 
absent. The germanium crystals 
used in these high back-voltage 
crystal rectifiers are obtained 
from ingots formed in vacuo and 
slowly cooled. 

A new 3 -element germanium 
electronic device, termed “ tran- 
sitor ” ( transfer resistor ) or semi- 
conductor triode, has been devel- 
oped at the I^ell Telephone Labora- 
tories. The dev'ice consists of a 
metal cylinder about an inch long 
and of the thickness of a pencil 
containing germanium and its 3 
electrodes. The transitor is used 
to amplify telephone and televi- 
sion signals, and a standard model 
radio receiver wdth transitors in 
place of the ordinary valves, 
operates quite satisfactorily. A 
standard frequency note generated 
by an oscillatory circuit employ- 
ing transitors has also been pro- 
duced. The transitor uses less 
power than a vacuum tube, has 
an output of 25 milliwatts and can 
operate at frequencies up to 10 
megacycles per sec. Owing tn‘ 
their simplicity, small size, per- 
formance, long life and probably 
low cost when mass-produced, 
these transitors should find many 
applications in all -forms of elec- 
tronic equipment. 

The preparation of germanium 
of rather unique properties, of 
which the most striking is the 
absence of surface rectification at 
the germanium-metal contacts. 
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has been recently annaunced from 
the G.E.C. Research Laboratories, 
The germanium ingots were pre- 
pared by melting germanium 
powder under a pressure of less 
than 10** mm. of mercury. Its 
high magneto-resistance and 
variatioh of Hall Coefficient 
wUh magnetic field, in spite of 
the high degree of homogeneity, 
is a point of great interest and 
value in the designing of electro- 
nic equipment. 

Spectral- transmissiifi^^ 
Properties & Use of 
Eye- protective Glasses 

Conservation of eyesight is 
one of the foremost problems con- 
fronting safety engineers today. 
They have found that protection 
of the eyes from excessive expo- 
sure to radiant energy is as 
important as protection from 
mechanical injury. Information 
on the transmissive properties of 
most of the widely distributed 
makes of tinted lenses is now 
available in a new circular, 
Spectral-Transmissive Properties 6 - 
Use of Eye-Protective Glasses, 
recently issued by the National 
Bureau of Standards, U.S.A. 

This publication is the result of 
a study of the spectral-transmis- 
sive properties of about 200 
glasses intended for use either as 
sun-glassei^ or in special industrial 
operations where injurious 
amounts of radiant energy are 
present. Extensive consideration 
is given to elimination of glare, 
colour distortion, use of glasses for 
night driving, staiidarization of 
glasses for outdoor and industrial 
purposes, and the spectral-trans- 
missive properties of glasses for 
use under various types and in- 
tensities of ultra-violet, luminous, 
and infra-red radiation. It is 
proposed that sun -glasses be 
grouped into three or four shades 
having luminous transmittances 
of 60, 35, 25, and about 10 per 
cent respectively, values that 
correspond roughly to those for 
the industrial shades numbered 
1 5, 2 0. 2 5 and 3 0. 

A Measuring Device 

for Radioactivity 

The development of a new .and 
compact deyice for measuring 
radioactivity was described by 
Dr. Benjamin Schloss of the 
Nucleonic Sales Co. at a sympo- 
sium of the American Chemical 
Society at New York. The new* 
instrtiment -excells the Geiger 
counter and is exp^ted to facili- 


tate the use of tracer isotopes in 
medical research ( Chem. Age, 
1948, 59 , 820). De.scribed as a 
“ crystal counter ", the instru- 
ment utilizes a small crystal to 
trap and detect radiation in 
place of the comparatively bulky 
gas chamber of the Geiger counter, 
it efficiently records y-rays. 

Process Development 

Laboratories 

The 4 Regional Research 
Laboratories operated by the U.S. 
Department of Agriculture, spe- 
cially designed for process research , 
are in operation since 1940-41. 
The experiences of the chemical 
engineering staff in these institu- 
tions and their opinions regarding 
the design and operation of 
proce.ss development areas are 
described in a recent number of 
Industrial 6 - Engineering Che- 
mistry ( 1948, 40 , 2014). 

These laboratories w'ere estab- 
lished with the specific purpose of 
applying the results of .scientific 
and technological research to the 
utilization of farm commodities. 
Research is not restricted to the 
discovery of new uses for farm 
products, and considerable re- 
search on the improvement of 
established means of utilization 
is also carried on. A sum of 
$4,000,000 i« expended on these 
laboratories yearly. Each labora- 
tory maintains a total staff of 
300 persons, approximately 200 of 
whom are scientists and engineers 
of professional grade. The build- 
ings are designed to house a 
research staff of this size. 

As large-scale commercial appli- 
cation of research results is 
regarded as the criterion of 
success, emphasis has been laid, 
during the planning of buildings, 
on facilities for process develop- 
ment on a pilot-plant scale. From 
the first it was evident that no one 
plan for the pilot-plant space 
would serve equally well for all the 
4 laboratories. 

The laboratories are all 4-.storey 
buildings constructed on the 
U-plan. The base of the U con- 
tains the administrative offices. 
One of the long wings consists of 
typical research laboratories, and 
the other the pilot-plant area. The 
length of the wings vary from 256' 
to 304' but the width is maintained 
constant at 64'. Because of spe- 
cial differences in research pro 
grammes, no 2 industrial wings are 
developed alike. All the laborator- 
ies, however, contain a large open 
area, 4 storeys in height, measur- 
ing 45' from floor to roof beams. 


The pilot-plant area proper mea- 
sures 112' to 208' in the different 
laboratories. 

In the Northern Laboratory, 
space is set apart and partitioned 
for housing an alcohol pilot plapt 
and this has a floor area of 96' X 64'. 
In addition, a separate specialized 
pilot-plant building has recently 
been erected to house large-scale 
experimentation units on produc- 
tion of motor fuels and other 
products by hydroly.sis of agri- 
cultural residues such as corn 
cobs. 

In the Southern Laboratory, 
experimental textile equipment is 
installed on 3 one-storey floors, 
each 96' x 64'. and cotton treating 
equipment including kier boiler, 
calender, dryers, etc., are housed 
in the chemical wing ( 96'x26' ). 

After 7 years of varied opera- 
tional experience, the engineering 
staff of these laboratories are of the 
Opinion that 45' head room in the 
pilot-plant room is e.xcessive and 
22' are ample for the majority of 
operations. .Another lesson is that 
distinctly different types of large- 
scale development cannot be 
successfully carried on together in 
the same room. In the Western 
Laboratory, large-scale food pro- 
cessing and chemical process 
developments were for some year‘s 
located in the general pilot-plant 
area. This has been far from 
satisfactory. The design require- 
ments for a chemical process room 
and food processing room are 
different. The latter must be 
built .so that scrupulous cleanliness 
is not only possible but relatively 
easy to attain. Foreign odours, 
dust and fumes must be excluded. 

The general pilot-plant areas 
are constructed at ground level 
with heavily reinforced concrete 
floors and direct truck access 
through a roll-up door for which a 
width of 15' is recommended. The 
solvent extraction plant is treated 
as an explosion hazard. In all the 
dabora tones the 3 5 '.span between 
rows of columns is bridged by a 
5-ton electrically operated travel- 
ling crane which has proved very 
useful for moving heavy equip- 
ment. 

Provision for the supply of 
utility services to these areas was 
given most careful thought. High 
pressure steam ( 120 lb. ) in a 
2 5" line, city water in a 4" line, 
gas in 4" line are carried most of 
the way round the area. Shut-off 
valves in the loops permit isolation 
of a section during installation of 
a new connection without shutting 
down the entire area. Plugged 
tees at 16' intervals along the 
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loops make it easy for new 
connections. 

The primary electric supply to 
the area is a heavy 208 -v., 3 -phase 
bils of 2,500 amp. capacity 
carried all the way around the 
walls in a grounded metal box 
below the second floor level. 
Heavy connections are made 
direct from the bus. Load centre 
boxes fed from the bus are 
niounted at intervals on the walls 
and conduit lines are run from the 
nearest load centre to lighter 
equipment. In addition, heav'y 
duty single-phase and 3 -phase 
plug receptacles are installed on 
each column. The general opinion 
is that the cost of the heavy bus 
loop has not been justified by 
experience. Electrical fixtures in 
solvent operation areas are of the 
type suitable for Class I, Group D, 
hazardous locations. 

The entire floor area is pitched 
0-125'' to the foot towards floor 
drains which are located in the 
centres of each 16' > 12' rectangle 
except down the centres of the 
room. A slightly greater pitch 
has been found advisable to pro- 
vide more convenience and com- 
fort to the staff. 

Steam condensate lines are 
located in pitched trenches which 
run along both side walls below 
the floor level. The trenches are 
covered flat with the floor level 
by flat steel plates with non-skid 
surface pattern. 

The pilot -plant area is heated 
by means of low-pressure steam 
space heaters suspended below 
the second floor along the sides 
of the rooms. Ventilation is by 
means of 4 motor-driven exhaust- 
ers to give one air change in 7 
min. in the Southern Laboratory 
and 2 such are used in the Western 
Laboratory to give one air change 
in 15 min. 

To provide maximum structural 
flexibility steel-grating balconies 
were included at the 3 elevated 
floor levels at the end of the pi lot - 
plant area. In most of the 
laboratories these have been re- 
placed by drained and curbed 
concrete balcony floors. This 
change has transformed the bal- 
conies into useful working .spaces. 

Various special service facilities 
have been installed in the pilot- 
plant areas. Though special pro- 
vision is made for plants dealing 
with flammable solvents, it is 
generally agreed that a satisfac- 
tory location for such operation is 
a separate structure or out-of- 
doors. Safety equipment such 
as fire extinguishers, fire hose with 
fog nozzles, masks, fire blankets. 


showers and protective clothing 
for workers are stressed as neces- 
sary, and proper location of these 
items deserve tarefiil thought. 
The Eastern Laboratory has made 
extensive use of colour schemes for 
identifying pipe-lines making con- 
trol valves and switches conspi- 
cuous, and marking out pedestrian 
aisles on the floor. 

Although 120 lb. house .steam 
supply is ample for most needs, 

2 special installations have been 
found desirable. A small com- 
pressor is u.sed to furnish high 
temperature steam to plattens of 
moulding pres.ses. Odourle.ss steam 
for food processing is supplied 
from a reboiler heated by house 
steam and fed with city water 
that is pre-heated to vigorous 
boiling in an open vessel. 

Facilities for clean up include : 
portable vacuum cleaners with 
long handle attachments ; water 
outlets provided with star.dard 
hose thread located at numerous 
places throughout the room : a 
booster pump supplying 16 gal. of 
water per min. at a pressure of 
500 lb., permanently connected 
to a small line serving 2 or 3 places 
where particularly tough cleaning 
jobs are to be done, e.g. spray 
dryer ; and steam-water mixing 
fixtures installed at a large niimlxT 
of places to provide hot water for 
washing Safety of these fixtures 
for operators is assured by stan- 
dard devices. 

The pilot-plant areas have betm 
used for several general types of 
activity and not merely for pilot- 
plant operations. They have been 
employed extensively for large- 
scale preparation work and for 
various kinds of engineering and 
technological research. The latter 
is particularly characterized, in 
part, bv its dependence on the use 
of industrial types of equipment. 
Pilot-plant developments are 
undertaken only after careful 
analysis of the commercial pros- 
pects of a new process. 

In each of the regional labora- 
tories, from 20 to 30 employees of 
a professional grade, most of them 
trained chemical engineers, are 
concerned with experimental ope- 
rations in the pilot-plant area. 
A locker and a shower room have 
been provided for clean up and 
change of clothes. It has been 
also found necessary to provide 
.them with office space, outside 
the pilot-plant area, where they 
can keep their books and records 
and .study or write without 
distraction. 

Maintenance and emergency 
repairs are facilitated by keeping 


small stocks of gaskets, belts, 
packing, nuts, .screws and bolts 
and spare parts in chests or racks 
along the walls. The tools for 
assembling or cleaning a special 
piece of equipment should, if 
po.ssible, be kept in a cabinet 
adjacent to the equipment. 

A few standard chemical labo- 
ratories capable of accommodat- 
ing 2 to 8 workers are located 
near the pilot-plant area. 

It has been found that in the 
original design not enough general 
storage space was provided in these 
laboratories. Inactive equipment 
in the pilot-plant area obstructs 
working space, and leads to undue 
crowding of active equipment. 

It is recommended that at least 
0*5 sq. ft. of proper storage area, 
under cover, should be provided 
for every sq. ft. of active pilot- 
plant area. 

New Oxygen Isotope 

The si.XTH oxygen isotope to 
be isolated is Oxygen 14 which 
has a brief life-period of 76 .sec., 
after which it turns into an 
excited nitrogen isotope. Both 
positrons and y-radiations are 
involved in its decay. The other 
known isotopes uf o.xygen are 
those having atomic w'eights of 
15. 16, 17, 18 and 19 ( Sci. AVa-i 
Letter, Dec. 11, 1948). 

Vitamin by Fermentation 

The isolation oi- Vitamin B,g, 
the new vitamin used in the 
treatment of pernicious anaemia, 
has been reported from the labo- 
ratories of Merck Cr- Co,, Rahway, 
2s . J . Red crystals of the vitamin 
were obtained in the fermenting 
media using the mould Strepto- 
inyces grireits. This discovery may 
soon make the production of the 
vitamin in commercial quantities 
possible ( Sci. Sews Letter, Dec. 11, 
1948 ). 

Use of Liquid Fuels 

.\ conference on “ Modern 
Applications of Idqiiid Fuels " 
was recently organized at Bir- 
mingham by the Institute of 
Petroleum and the I nstitute of Fii?t7 
at which modern trends in the 
design, operation and performance 
of burners, agricultural dryers, 
Diesel r^iil traction engines, the 
use of oil in the gas industry and 
the principles of combustion 
chamber design for gas turbines 
were discussed ( Sature, 1948, 
162, 951 ) 

The suggested iLses for liquid 
fuel in domestic heating are largely 
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based on the work of a special 
committee of the Institute of 
Petroleum. The fuels^ employed 
are liquefied butane and other 
gases, kerosene and Diesel oil. The 
development of modern domestic 
appliances burning kerosene was 
described and attention was direct- 
ed to their high thermal effi- 
ciencies. Such appliances have 
many advantages in rural areas. 

The conference was primarily 
concerned with the industrial 
application of oil fu|Sl8 for which 
coal and petroleum niay be used 
alternatively. In Britain coal is 
employed only because of its low 
cost, and the opinion is held that 
but for this advantage oil would 
be used in preference to coal. Oil 
has a higher calorific value, is 
easier to handle and store than 
coal, and is cleaner in use — 
qualities which account, for 
example, for the replacement of 
coal by oil for use at sea. 

The oil flame has a higher radia- 
tion efficiency than the gas 
flame — a property which has 
contributed to the efficiency ob- 
taining in the manufacture of 
steel in the open hearth furnace 
by conversion to oil-firing. The 
combined use of oil and coke-oven 
gas has given good results, and it 
was suggested that other com- 
binations, including such fuels as 
coke breeze and powdered coal, 
might be used with advantage. 

Another factor in the achieve- 
ment of improv^ed results with oil- 
firing is the greater ease of control 
which attends the use of oil. The 
use of oil in glass furnaces also 
gives the advantage of greater 
ease of control and increased rate 
of glass-melting, but the intense 
radiation from the oil flame results 
in increased wear on refractories 
and, at present, is not economical 
in comparison with efficient pro- 
ducer-gas system. The assess- 
ment of the relative merits of coal 
and oil-firing involves many 
technical and economic factors. 


New Phosphatinft 

Goimpositions 

Two RECENT PHOSPHATING PA- 

(fents relate to the use of double 
fluorides for coating metallic sur- 
faces which have been found 
difficult to coat hitherto, especially 
surfaces which >are predominantly 
of zinc or zinc allov and iron 
{Chem. Age, 1949. 60 , 20 ). These 
ensure better paint adhesion to 
coated surfaces. 

To an aqueous solution of zinc, 
or manganese dihydrogen phos- 
phate ( 0‘3 per cent metal ) are 


added a soluble salt of nickel 
( nickel sulphate, 0*3 per cent 
nickel ), a fluoborate and prefer- 
ably a nitrate or nitrite ( NOj, 
0-3 per cent). Immersion for 
about 1 min. at ISO^F. or 
even 1 5 sec. is sufficient for electro- 
plated and galvanized metal and 
high aluminium-zinc alloys. The 
same solution may be sprayed or 
run over the surface. The addi- 
tion of fluoborate increases the 
etching tendency and is of special 
value in securing good paint 
adhesion on surfaces containing 
aluminium. 

A second formula relates to 
phosphating of surfaces predomi- 
nantly of aluminium or its alloys. 
Solutions containing an acid phos- 
phate, fluoborate and an oxidizing 
agent as principal reagents are 
sprayed on to the surfaces to be 
coated. A replenishing solution 
is prepared by dissolving in water 
1,295 lb. of phosphoric acid ( 75 
per cent ), 700 lb. of nitric acid 
( 42°Be ), 830 lb. of zinc oxide, 
730 lb. of boric acid, 1,018 lb. of 
hydrofluoric acid ( 60 per cent ) 
and 307 lb. of sodium fluoride. 

Coconut Oil- base Detergent 

A NEW COCONUT OIL-BASE SYN- 

thetic detergent called Hi- 10 is 
made by Eureka Chemical Corp. at 
Los Angeles. The product is 
odourless and non-soluble. It is 
obtained by combining coconut 
oil with amines. The result is a 
penta-yalent nitrogen compound 
in whibli' coconut fatty acids are 
combined with amines and amino- 
methyl compounds. 

The new detergent has been 
employed to remove odour from 
railroad refrigerator cars in which 
fruits and vegetables are shipped. 
It can also be employed for general 
cleaning {Chem. Met. Eng., 1948, 
55,196). 

New Anti- oxidants 

Two NEW awti-oxidants, Tenox 
HQ and Tenox BHA, have been 
developed by the Tennessee East- 
man Corp. Added to fats and oils 
during processing, small percent- 
ages of the two compounds are 
reported to retard effectively the 
development of rancidity. Indica- 
tions are that these compounds, 
used singly or in combination, will 
stabilize fats and oils throughout 
the normal time of processing, 
distribution and consumption. 
Toxicity tests have shown that 
the products are safe for human 
consumption when used in pres- 
cribed proportions. They do not 


impair the nutritive value of oils 
or food products, and are econo- 
mical for use. 

Tenox HQ, a highly purified 
form of hydroquinone, is kn 
effective stabilizer for salad oils, 
cooking oils, butter, margarine, 
orange and lemon oil extracts and 
dried milk. It prevents loss of 
vitamin A in oils containing it. 
Tenox BHA, butyl hydroxy ani- 
sole, is of special value in stabiliz- 
ing animal fats, particularly lard. 
In combination with citric acid, it 
provides- an adequate answer to 
the stabilization of lard for all 
uses including frying of potato 
chips, doughnuts and baking of 
crackers or pastrv {Chem. Met. 
Eng., 1948, 55, 198). 

Sugar Refining 

The cost of refining sugar can 
be greatly reduced by a new- 
process which makes possible the 
recovery of vitamins now largely 
wasted {Chem. Eng., 1948, 55, 
306 ). The raw sugar of 95 per 
cent purity can be refined to 99-7 
per cent purity by washing with 
wood alcohol. The valuable cons- 
tituents are obtained in a residual 
molasses of pleasant flavour, and 
can be directly employed to 
supplement human diet. 

U.S. Committee on 

Pacific Oceanography 

The first meeting of the 
Committee held during July 1948 
w'as mainly concerned with Ameri- 
can participation in the Seventh 
Pacific Science Congress to be held 
in New Zealand this year. Two 
symposia, one concerning con- 
servation of marine resources, and 
the other on marine biogeogra- 
phical provinces in the pacific 
basin, are included in the pro- 
gramme. Another topic discus.sed 
at the meeting dealt with the 
need for standardizing gear and 
methods, and with methods and 
arrangements for correlating and 
integrating programmes of re- 
search in the oceanography of the 
North Pacific Basin. 

A special report on the develop- 
ment of Hawaiian oceanographic 
research, the establishment of the 
Hawaii Marine Laboratory, and 
the initiation of a programme of 
research on tunas, was presented 
at the meeting. For the training 
of oceanic biologists, arrange- 
ments have been made with 
Rhode Island State College and 
its Narragansett Marine Labora- 
tory to provide academic training 
and field experience for graduate 
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students prior to their assignment 
for study under specialists at 
Woods Hole Oceanographic Ins- 
titution {Pacific Sci., 1940, 2, 
299). 

Pacific Fisheries Investigation 

A SUM OF $1,000,000 HAS BEEN 
made available to the U.S. Fish 
and Wildlife Service through a 
U.S. Congress Bill to implement 
what is known as Farrington 
Fisheries Programme This pro- 
gramme provides for the " explo- 
ration, inve.stigation, developmeni 
and maintenance of the fishing 
resources ; development of the 
high seas fishing industry of the 
territories and island possessions 
of the United States in the tropical 
and sub-tropical Pacific Ocean and 
intervening seas ”. The Bill 
authorizes U.S. Fish and Wildlife 
Service to secure laboratories, 
vessels and personnel to in\esti- 
gate the biological, technological 
and economic problems connected 
with tunas and tuna-like fishes, 
(jscar E. Sette, former Chief. 
South Pacific Investigations of 
the U.S. Fish and W'ildlife Service, 
with headquarters at Stanford 
Uni\'ersity, has been appointed 
Director. A new laboratory and 
administrative headquarters will 
be constructed at the University 
of Hawaii ( Pacific Sci., 1948, 2, 
299). 

Reflective Radiant 

Conditioning 

A NEW SYSTEM OF MAINTAINING 
year-round indoor-comfort has 
been reported from the University 
of Cincinnati. The new system is 
called “ Reflective Radiant Con- 
ditioning Wails and ceiling 
surfaces are embossed with alumi- 
nium foil and the heating equip- 
ment required is a few electrical 
resistance coils in each room for 
generating heat rays. Cooling 
coils, resistance wires for heat and 
fiuore.scent colour lighting are all 
installed in an alcove near the 
ceiling ( Sci. IScws Letier, Dec. 11, 
1948). 

New Trends in Laboratory 

Glassware Manufacture 

Many British firms, in parti- 
cular, Messrs H. J. Elliott Ltd., 
Treforest Trading Estate, Ghi-* 
morgan, have introduced many 
improvements in the character 
and packaging of glassware. The 
firm is marking their volumetric 
glassware “ E-Mil Green Line " 
complying with the National 


Physical Laboratory, Grade A 
specifications and “ E-Mil Gold 
Line ” for Grade B standard. The 
graduations are filled with insoluble 
green and yellow enamels. The 
pigments are somewhat fluores- 
cent and are easily visible in poor 
lighting even with coloured solu- 
tions, and the markings are fused 
into glass. 

Stoppers in graduated flasks 
and cylinders have often prov^ed 
troublesome owing to a propen- 
sity for “ seizing ". The new 
“ E-Mil ” stopper is a valuable 
accessory. Accurately moulded 
from an inert plastic, it provides 
a gas-tight and liquid-tight clo- 
sure to an orifice of the British 
Standards Institution Specification 
taper, V)ut does not bind or seize 
up irremovably. 

The firm lias introduced an 
innovation in packaging of articles 
to reduce losses in handling. 
Each article is .sealed into i+s own 
specially fitting carton, which 
can be retained by the purchaser 
for safe storage of the article, 
dhe extra expenses of carton 
packing will be off.set by dis- 
pensing with crates, etc. ( Nature, 
1948. 162, 974). 

Plant Disease 

Forecasting Service 

.\ National Plant Disease 
Forecasting Service has been 
initiated in America for the 
benefit of agriculturists. i'he 
warning .service, which is an 
undertaking by the United States 
Department (^f Agriculture, 37 
State agricultural colleges and 6 
Canadian provinces, promises to 
bring farmers more money by 
keeping down crop losses and by 
preventing unnecessary expendi- 
ture on spraying and dusting for 
plant di.sease epidemics that do 
not develop. Disease forecasting 
helps to make better u.se of known 
prevention and control measures 
and provides timely warnings 
against outbreak of plant diseases. 

'I'he service was started in 1947 
with a warning service on late 
blight of tomatoes following the 
disastrous outbreak of this disease 
in 1946. In 1948 the service was 
expanded to include late blight 
of tomatoes and potatoes, blue 
mould of tobacco and downy 
mildew of cucumber, cantaloupe 
and watermelon. 

Disease outbreaks are reported 
by key scientists throughout the 
United States and Canada. Re- 
ports from these scientists go to 
the Plant Disease Forecasting 
Headquarters at Beltsville. Mary- 


land. Emergency conditions are 
reported by telegram. A summary 
of these reports is dispatched to 
the .Agricultural Insecticide and 
Fungicide Association, which in 
turn passes it on to manufac- 
turers and distributors so that 
adequate supplies of dusting and 
spraying materials can be sent to 
danger areas and stored { USIS ). 

Transit Instrument 

The Andhra Scientific Co. Ltd. 
of Masulipatam has designed 
and fabricated a traf sit instru- 
ment which was exhil ted at the 
January session of the Indian 
Science Con/^ress. The optical 
system consists of a 3" or 4" apo- 
chromatic objective triplet ), 
precisely corrected for chromatic 
and spherical aberrations and 
coma, and a Ramsden type 
eyepiece. The aperture ratio is 
1*' 15. In the field of view of the 
eyepiece are placed 2 graticules, 
one of which is fixed while the 
t)thcr can be moved by means of 
an accurate micrometer screw. 
F'or convenience of observation, 
the micrometer and eyepiece are 
fitted into a star diagonal prism 
adopter. 

Two circular scales w’ith 2 
verniers each are mounted on the 
horizontal axis of the instrument 
which is exactly perpendicular 
to the optical axis of the teles- 
cope. One of the circles is 
divided into ^ deg. and can be 
read ( orrect to 1', while the other 
is divided into J deg. and can be 
read correct to 10". Magnifiers 
which are focjis.sed by spiral 
motion are fixed to each vernier 
for taking readings conveniently. 
The graduations of the scales are 
on solid silver w'orked into the 
brass body drawm w'ith a fine 
diamond point on a precision 
dividing engine. The verniers are 
of solid silver. Both the scales 
are given a dull fini.sh and lac- 
quered for protection after filling 
up the graduations with a black 
pigment. The scales are tested 
to a high standard of accuracy. 

The micrometer consists of a 
slide carrying a graticule which 
moves relative to a fixed graticJht^ 
with a central vertical line. The 
movable graticule has 5 vertical 
lines at 2 mm. intervals ( lying in 
the centre j:if 2 similar lines 16 mm. 
apart ) w ith 2 horizontal lines ( 2 
mm. apart ) running across them. 
The screw of the micrometer is 
of the precision type and made of 
low expansion steel. 

The illumination for the gra- 
ticule is provided by a right- 
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adjustments, and Can be clamped 
in any position. 

The whoJe instrument is finished 
in a pleasing dull-black enamel 
with some brightly nickelled 
parts as relief, presenting an 
elegant picture of Indian skill 
and craftsmanship. 


A New Maximum & 

Minimum Hygrometer 

A NKW TYPE OF HYGROMETER, THE 
“ Mahajan Maximum and Mini- 
mum Hygrometer ", has been 
developed by Dr. L. D. Mahajan, 
Director, Meteorological Observa- 
tory, Patiala. Just like the maxi- 
mum and minimum thermometer, 
this instrument records the maxi- 
mum and minimum humidities 
for any giv^m period. The hygro- 
meter is provided with 3 pointers 
indicating, in addition to maxi- 
mum and minimum humidities, 
the percentage humidity of the 
surrounding atmosphere at the 
time of reading. It .serv'es the 
purpose of a hygrograph also and 
saves much labour and expense. 

( Contributed ) 


Transit instrument. 


angled prism so fixed in the 
hollow axis of the instrument 
to reflect a small pencil of light 
entering the axis from an outside 
source on to the graticule. The 
whole arrangement is .so designed 
as to give only a diffuse oblique 
illumination. The prism can be 
adjusted from the outside by 
means of a milled knob. 

The level tubes mounted on 
the instrument are in dia. 
and are ptecision ground to give 
the exacting sensitivity required. 
These arc thorougl 3 ||y tested to 


within very close limits prior to 
and after mounting. 

The axis of the instrument, 
which is hollow and of good 
quality brass with a central 
cube to take the telescope, is pro- 
vided with hardened steel -bearings 
moving in gun metal bushes 
carried on 2 elegant and sturdy 
cast iron supports. The weight 
of the axis is mostly taken up 
by 2 spring loaded anti-friction 
rollers. 

The heavy cast-iron base is 
provided with coarse and fine 


Standard Atmosphere 

for Testing 

For making proper and equi- 
table compari.sons of test data on 
various commodities, materials 
and equipment, an agreed set of 
atmospheric conditions under 
which tests may be carried out 
are necessary. The I S. I. Sec- 
tional Committee on Textile 
Standards ( TDC 1 ) prepared a 
note on the subject of Standard 
Atmosphere for India which 
has been published in the first 
number of the Indian Standards 
Institution Bulletin, a quarterly 
publication is.sued by the I.S.I. 
( 1949, 1 . 5 ). 

No standard atmospheric con- 
ditions have been defined for 
any tropical country, at any rate, 
for one having atmospheric con- 
ditions of the type prevailing in 
India. This has resulted in : 

(1) The non-existence of satis- 
factory installations of air-con- 
ditioned rooms for testing. 

(2) Installations of a few testing 
rooms maintained at varying 
conditions arbitrarily fixed, and 
testing being carried out without 
any standard atmosphere. 

(3) Confusion in reporting, com- 
paring and evaluating test data. 

The proposed standardization 
of standard atmosphere ( SA ) in 
India is based on the following 
principles : 

(1) Temperature and relative 
humidity conditions prescribed 
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Country 


UK. 

U.S.A. 

Australia 

Oth«*r Kuropran rountrirs 
Indi.T ( proposed ) 


CONDITIONS 
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must be suited to the majority 
of tests requiring SA such as 
tests on textiles, paints, plastics, 
paper, batteries, organic materials 
in general including biochemical 
and biological products, etc. 

(2) The equipment required for 
maintaining SA must be free from 
complications, and should be 
economical in initial cost, opera- 
tion and maintenance. 

(3) I he standard atmosphere 
must be comfortable for workers 
and operators engaged in testing. 

(4) Direct and indirect rela- 
tionships with the prevailing 
weather conditions during the 
different .seasons of the \’ear in 
different parts of the country on 
the one hand, and the three basic 
requirements mentioned above on 
the other, should receive due 
con.sideration in fixing the SA. 
h'or example, tlu' closer the S.A 
conditions afe to the geiKTal 
weather conditions, (a) the closer 
will be the correspondence 
b(’tween laboratorN' test results 
and the actual service value of 
tested materials ; (b) the more 
economical will be the equipment 
and installations required in res- 
pect of initial cost, operation and 
maintenance ; and (c) the more 
comfortable and healthy will it 
be for workers who are constantly 
and alternately exposed to the 
SA and the outer atmosphere. 

A comparison of the SA adopt- 
ed in various countries with that 
is made in 

the ] able abo\ e. 

Aerial Survey of Nepal 

Ihk Air Survey Company of 
Ltd., a subsidiary of the 
British haircy Aviation Company 
which has been mapping the 
Indian sub-continent for the last 
25 years, has undertaken an aerial 
survey of Nepal. The object of 
the survey is to complete a topo- 
graphical map of 29,000 sq. miles 
ot catchment area of the 3 main 
nvers of the Gurkha countrv. 

he equipment of the expedition 
team includes air cameras, pro- 
Ce.ssing machinery and mapping 


apparatus weighing more than 
half a ton. 

14 aircraft are to be u.sed at 
different times from the base at 
Dum Dum aen)drome. Calcutta. 
The survey is expected to com- 
plete aerial photography in 2 
flying seasons (14 months ) but 
the ground staff of cartographers 
are likely to take two and half 
years to finish their job. Kven 
then only 30,0(X) sq. miles of 
Nepal (out of 54,000 sq. miles) 
would have been covered. 

.\erial survey mav cost anv- 
thing from ^1*0 a sq. mile for 
elementary work such as record- 
ing a surface without contouring 
to £100 a .sq. mile for complex 
and difficult work requiring the 
aid of radar and other expensive 
ground installations. 

Water Requirements 

of Oops 

The (iovKRNMENT OK Inoia, on 
the recommendation of the Central 
Board of Irrigation, have decided 
to appoint a Standing .\dvisor\' 
Committee for research on water 
requirements of crops consisting 
of representatives of the Central 
Board of Irrigation, Ministrv of 
Agriculture and the Meteorological 
Department. 

The Committee will advise on 
research already being conducted 
in regard to the most ad\an- 
tageous use of water for agricul- 
tural purposes and problems 
incidental thereto. It will study 
and co-ordinate research work 
wirch is being done by the 
Indian Council of Agricultural 
Research, Agriculture and Irriga- 
tion Departments in Provinces 
and States and agencies concerned 
with multi-purpose projects, aufl 
advise on the most satisfactory 
method of achieving optimum 
results in this field. 

Railway Research Council 

T HE CiC)\' K R N M E NT O F I N D I A H VE 

set up an Advisory Research 
Council for Indian Railways “ to 
impnn-e efficiency, effect economy 


and co-ordinate research on sub- 
jects connected w-ith the rail- 
ways Indian railways are the 
largest consumers of coal and of 
ferrous and non-ferrous metals, 
and spend over Rs. 30 crores 
annually for the purchase of these 
requirements. The Council will 
function as a “ screening body ” 
and pass on such technical prob- 
lems as cannot be tackled by rail- 
way administrations to research 
institutions within the country. 

The Council consists of the 
following members ; Mr. K. C. 
Rakhle, Chief Commissioner of 
Railways ; Dr. S. S. !> atnagar ; 
Prof. K. S. Krishnan ; Dr. D. R. 
Malhotra ; and Mr. P. L. \'erma. 


Tea Committee for It:dia 

The Cio\ ERNMRNT OF India have 
decided to form a Tea Committee 
which will replace the existing 
Indian Tea Market Expansion 
Board founded in 1903. The Com- 
mittec will consist of representa- 
tives of the tea industry, the 
Central Government and various 
lea-growing Provinces and States, 
and will work under the control 
of the Ce ntral Ciovernment. The 
functions of the Committee will be 
mainly to promote research, 
collect statistics, improve market- 
ing conditions, and advise tea 
growers and exporters on all 
matters relating to tea. 

Jubilee Number of “ Capital 

This beautifully got-up sou- 
\enir number, issued by India's 
well-known journal of economics 
to mark the completion of its 60 
years of publication activity, is a 
valuable record of permanent 
value, of developments in the 
fields of commerce, trade, industry 
and finance in India. Short 
biographies of personalities asso- 
ciated witli the journal, India’s 
credit structure, joint stock 
enterprises, insurance and other 
economic problems, a surv’ey of 
plantation crops like tea and jute, 
and of paint, varnishes and salt 
industries form the subjects dis- 
cussed in its 150 pages. The last 
item, '■ A Chronicle of 60 Years , 
gives a resume of important 
political and economic events in 
India and elsewhere. 


Reward for 

Groundnut Hand Decortlcator 
Announced 

A PRIZE OF Rs. 2.000 WILL BE 
awarded by the Indian Oilseeds 
Committee to any person or body 



160 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 4 


who designs the best model of 
groundnut hand decorticator and 
demonstrates its working to the 
satisfaction of the Indian Oilseeds 
Committee. Entries accompanied 
with diagrams showing details of 
the machine should be submitted 
to the Secretary, Indian Oilseeds 
Committee, Ministry of Agriculture, 
New Delhi, not later than October 
31/ 1949. Competitors should be 
prepared to demonstrate the 
working of the machine at such 
place and time as directed by the 
Committee. 

The groundnut hand decortica- 
tor should fulfil the following con- 
ditions : (i) the hand decorticator 
should, as far as possible, be 
made of material easily available 
in villages. It should preferably 
be made of wood and should have 
as few iron parts as possible : 
(ii) the construction should be 
simple so that repairs and spare 
parts can be provided in the 
villages by the village carpenter 
or black.smith ; (iii) the grates or 
sjieves used in the machine should 
be adjustable to enable proper 
decortication of groundnut pods 
of different varieties and sizes ; 
(iv) the turn-over and cost of 
decortication should compare 
favourably with those of power 
decorticators ; (v) the proportion 
of split and broken kernels, 
" hooks ” and unshelled pods in 
the decorticated produce should 
be significantly small ; and (vi) the 
cost of the hand decorticator 
should not exceed Rs. 100. 

Announcements 

UNESCO Grant for Indian Che- 
mical Society — The Union Inter- 
nationale d' Historic des Sciences 
has, out of their subscription from 
UNESCO, contributed a sum of 
$500 towards the preparation of 
" History of Chemistry in Ancient 
and Medieval India ". 


Planning Officer, Central Food 
Technological Research Institute 
( Secretary ). 

Central Drug Research institute, 
Lucknow — The appointment of a 
Local Planning Committee con- 
sisting of the following members 
has been announced : Hon’ble 
Shri C. B. Gupta, Minister, U.P. 
Government ( Chairman ) ; Acharya 
Narendra Deo ; Dr. B. Sahni ; 
Mr. A. N. Jha : the Director of 
Medical and Health Services, U.P. ; 
the Principal, Medical College, 
Lucknow; Chief Engineer, P.W.D., 
Lucknow ; the Executive Officer, 
Improvement Trust, Lucknow ; a 
representative of the pharma- 
ceutical industry ; a representa- 
tive of the Central Legislature ; 
and Planning Officer, Central Drug 
Research Institute (Secretary). 

Second International Conference 
on Soil Mechanics S- Foundation 
Engineering - - Sets of the printed 
proceedings ( 5 vols.) of the Con- 
ference held in Holland during 
June 1948 are available for sale. 
Those interested may secure copies 
directly from the Secretary, 
Organizing Committee, Stichting 
W a terbou wk u nd i g Laboratori u m , 
Delft ( Holland ). or may contact 
the Secretary, Central B^ard of 
Irrigation, Simla. The cost per 
set is Rs. 100. 

" British Chemicals &' Their 
Manufacturers ” — The 1949 
edition of this Directory pub- 
lished by the Association of British 
Chemical Manufacturers includes 
up-to-date information on the 
manufacturers of chemicals in 
Britain and supercedes the 1946 
edition. 

The Directory can be had free 
by any inquirer writing on 
business paper or giving a genuine 
indication of his being likely to 
put the publication to good use 
as a purchaser of chemicals. 


BOMBAY 

Ship- building Yard 

Bombay is to have a ship- 
building yard bigger and better 
equipped than the Vizagapatam 
ship building yard, if the proposed 
5-ycar plan submitted by the 
Provincial Government to the 
Government of India's Ship- 
building Committee is adopted. 
The scheme estimated to cost 
Rs. 2*5 crores has been drawn up 
by the Chief Engineer of the 
Bombay Port Trust. 

The proposed yard is to be 
located at Trombay, about 15 
miles north-east of Bombay, and 
10 ship-ways are planned so that 
the construction of 10 vessels up to 
15,000 tons capacity could pro- 
ceed at the same time. Room for 
further expansion and fitting of 2 
berths is provided for in the plan. 

The Trombay site is eminently 
suitable owing to its ample sea 
frontage for launching vessels and 
a vast area of land in the rear. All 
labour required can be had from 
the adjacent maritime districts. 

Manufacture of Penicillin 

The Government of India have 
decided to set up a plant to 
manufacture penicillin in Bom- 
bay. The work is to commence 
in a couple of months. The 
plant, which is expected to be 
complete in 2 years, will cost 
about 2 crores of rupees. It is 
proposed to manufacture 100,000 
million units of penicillin in the 
initial stages and to gradually 
increase the output 4 times. 
Production of large quantities of 
anti-malarial and sulpha drugs are 
also included in the programme. 

MADRAS 

Livestock Improvement 

The Government have opened 
2 new veterinary institutions at 
Arkonam and Pithapuram bring- 
ing the total of such institutions 
in the province to 138. 

A scheme for the prevention of 
contagious diseases spreading 
from adjacent provinces is under 
consideration. Sanction has been 
accorded for running a breeding- 
f^wm-dairy farm at Vizagapatam. 
A beginning has been made for 
breeding the fine wool sheep of 
the Nilgiris, and necessary lands 
have been allotted on the Wen- 
lock downs on the Nilgiris. A 
combined- sheep and cattle farm 
is being established at Kurikuppi 
in the Bellary district. 


Central Food Technological Re- 
search Institute, Mysore — A Local 
Planning Committee consisting 
of the following members has been 
set up to expedite the work of 
organizing the Institute : Hon'ble 
Mr. K. C. Reddy, Prime Minister, 
"Mysore ( ChairmUn ) ; Prof. Mata 
Prasad ( Royal Institute of Science, 
Bombay ) ; Dr. G. Shankaran 
( All-India Institute of Hygiene 
and Public Health ) ; the Director, 
Indian Institute of Science, Ban- 
galore ; the Director, Council of 
Scientific & Industrial Research 
or his *nominee ( Ex-officio ) ; a 
representative each of the Food 
Ministry and Health Ministry of 
the Government fof India; and 


REPORTS FROM 
STATES & PROVINCES 

( continued ) 

Gn the animal husbandry side, 
4 regions have been proposed : 
(1) Dry Belt Region consisting of 
Eastern Punjab, Delhi, Rajasthan 
and West U.P. ; (2) Wet Region 
including Bengal. Assam, Bihar, 
Orissa, Madras, Travanco^e and 
Cochin ; (3) The Medium Rainfall 
Region consisting of Hyderabad, 
Central India States and C.P. 
and Berar ; and (4) the Himalayan 
Region. 



Reports from 
States & Provinces 


MYSORE 

Gold Prospecting 

Mysore's biggest irrigation 
project — the Lakkavalli reser- 
voir on river Bhadra — will sub- 
merge extensive tracts of lands 
with gold-bearing quartz veins. 
It is, therefore, proposed to re- 
cover all the gold before this 
10-year irrigation project is 
put through. Exploratory work 
at Bellara has disclosed that the 
extent of the reef is nearly twice 
the original estimate. A 10- 
year scheme was approved in 
1947 to develop these areas. To 
meet the increased pow'er require- 
ments for the development pro- 
gramme, the Government have 
recently .sanctioned a scheme at an 
estimated cost of Rs. 2-46 lakhs 
to construct a dam across the 
Suvarnamukhi river. Meanwhile 
steps are being taken to equip 
the Bellara mines with modern 
milling and cyanidation plants. 

NEW DELHI 

Reorganization of 

Agricultural Research 

The Advisory Board of the 
Indian Council of Agricultural 
Research at its annual meeting 
held in New Delhi during January 
approved a number of research 
schemes including those on im- 
provement of crops, agronomical 
conditions in general, soil conser- 
vation in Himachal Pradesh, .set- 
ting up a suitable organization for 
collection of agricultural statis- 
tics, re.search on tuber crops 
as a substitute for cereals, and a 
standard method for milk ana- 
lysis and dairy development. 
Particular emphasis was laid on 
research schemes in East Punjab 
and West Bengal for agricultural 
rehabilitation. 

In the absence of reliable data 
on crop yields, the results of 
Government development plans 
on the Grow' More Food and 
other schemes cannot be gauged 
properly, and the Board felt that 
an organization was required to 
collect accurate statistics. Ac- . 
cordingly, the Board has recom- 


mended that the random sampling 
method should be adopted in the 
5-year co-ordinated scheme for 
conducting surveys on the prin- 
cipal crops of India. The main ob- 
jects of the scheme are : to evolve 
a random sampling technique for 
crop-cutting experiments under 
the auspices of the Provincial 
Agricultural Departments, to 
dcmonstrat(‘ the feasibility of 
the method devi.sed. to train the 
provincial staff in the technique, 
to estimate the yield per acre for 
the province as a whole and to 
revise the present state of district 
normal yields. 

The total expenditure involved 
in the .scheme is estimated to be 
Ks. 59 lakhs. 

A soil conservation scheme of 
Himachal Pradesh including eco- 
logical survey, cultivation of .soil 
binders and collection of erosion 
data was recommended. A 
scheme for tlie improxement of 
soil conditions in the spent-up 
orchard land in the Kumaon 
Hills was sanctioned. A scheme 
to check soil erosion and the 
spreading of the desert area in 
Jaipur was approved. 

The Council had at its previous 
meetings recommended the culti- 
xation of tubers such as sw’eet 
potatoes and casava. and had 
invited Provincial Governments 
to submit schemes on the subject. 
The schemes submitted by Bom- 
bay, United Provinces, East 
Punjab, Bihar, Ori.ssa and Mysore 
w'cre scrutinized and approved. 

Schemes for the improvement 
of rice crops in East Punjab, 
Coorg and West Bengal, and of 
maize in West Bengal and Bihar 
were sanctioned. Several re- 
.search .schemes on the improve- 
ment of pulses in Madras. West 
Bengal, UP.. Bihar, Hydera- 
bad, OrisvSa, Mysore and Gwalior 
as also research schemes on the 
improvement of millets in Mysore 
and palmyra in Madras were 
approved. 

A .scheme for the co-ordination 
of research on insect pests and on 
the blast and foot disea.ses of rice 
in Madras, and on wdlt disease of 
gram in E. Punjab were sanc- 
tioned. The Council recom- 
mended that the animal nutri- 


tion scheme for Madras which 
was stopped in 1943 should be 
revived. 

A .scheme to explore the pos- 
sibilities of using milch cows for 
draught work was considered and 
approved. It was suggested that 
the work should be conducted 
at 4 centres including the Indian 
Dairy Research Institute, Banga- 
lore. The standardization of 
methods of analysis of milk and 
milk products, suggested in a 
.scheme of the Indian Dairy 
Research Institute, was sanc- 
tioned. 

Other new schemes 'nsidered 
and approved by the Board were : 
cattle-breeding in Rajputana, 
research on insecticides in East 
Punjab and cultivation of medici- 
nal plants in Himachal 1 radesh. 

Regionalization of 

Agricultural Research 

.\T a MEETINti OF THE ReGIONA- 
lization Committee of the Indian 
Council of Agricultural Research 
held in January, research on 
the basis of different soil and 
climate categories was decided 
upon with a view to ensure 
planned agricultural development 
in all parts of the country. It 
was tentatively decided to divide 
the countrx' for research purposes 
into different regions and to set up 
Regional Committees 

The following 5 regions were 
suggested both from the point of 
view of research on principal 
crops as well as on the require- 
ments of animal husbandry ; 

(1) Dry Sort hern Region com- 
prising of East Punjab, Western 
U.P. and Berar and parts of 
Rajasthan, where wheat is the 
chief crop. 

(2) Eastern Region comprising 
of Assam, Bengal, Bihar, Orissa, 
East C.P.. East U.P. and East 
Madras, where rice is the chief 
crop. 

(3) Southern Region - Jhansi 

in south United Provinces, C.P. 
and Berar, Central India States, 
Western Hyderabad, Deccan, 
Western Madras, Eastern Bombay, 
Baroda and part of Mysore, 
where millets arc the important, 
crops. 

(4) Coastal Region comprising of 
parts of Bombay, Madras, west of 
Western Ghats, Mysore, Coorg, 
Travancore and Cochin. 

(5) Temperate Himalayan Region 
including Assam, Sikkim, Nepal, 
Bhutan, Kumaon, Gharwal, Simla 
hills, Kulu, Chamba and Kashmir 
State. 

( continued on page 160 ) 



INDIAN PATENTS 

The following is a list of a few' of the Patent Applicjttions accepted 
in the Gazette of India, Part II, Section I, for February 1949. 


Inorganic Gbemicala 

31457. Boake, Roberts & Co. Ltd. : Production 
of aJuminium salts of organic acids : Reacting 
an alkali, an aluminium salt, an organic acid, 
and a hydrophyllic colloid, 

37640. National Smelting Co. Ltd. : Removal of 
sulphur compounds from gases . Contacting 
the gases with alkali metal or alkaline earth metal 
oxides or hydroxides on a large surface porous 
support between 100® to 850®C. 

40069. Glaxo Lab. Ltd. : Preparation of salts of 
penicillin ; Penicillin dissolved in a solvent is 
treated with a salt of primary organic base and 
an organic acid. 

40070. Glaxo Lab. Ltd. . FVcparation of the am- 
monium salt of penicillin : Ammonium salt of 
penicillin is treated with an ammonium salt of 
organic acid. 

39432. National Radio & Engineering C'o. 
Ltd. : Electrical moulding composition : 
Consisting of shellac, resin, alkaline earth salt 
of resin and a filler. 

38944. Seailles : Method for making a water 
solution of raw aluminates of lime and its 
application to the manufacture of alumina : 
Dissolving lime aluminaie in aqueous solvent 
containing alkali in dilute condition. 

39249. Seailles : Method for making a water 
.solution of raw aluminates of lime and its 
application to the manufacture of alumina : 
Adjusting the proportions of calcium aluminate 
and alkaline lyes .so that a mixture of alkali 
and calcium aluminate is formed. 

,, 39687. United States Rubber Co. : Recovery 
of fluosulfonic acid ( Addition to No. 39686 ) : 
Admixing fluosulfonic acid containing free 
sulphur trioxide with spent acid, distilling the 
resulting mixture. 

40259. Williams : Process for converting sulphur 
dioxide to hydrogen sulphide : Passing a mix- 
ture of sulphur dioxide, oxygen and steam over 
incandescent carbon. 

Organic Ghemiatry 

38574. Distillation Products Inc. : Process of 
separating delta-tocopherol from vegetable 
oils : Treating vegetable oil to obtain mixed 
tocopherol concentrate and then separating dclta- 
iocopherol by fractional crystallization or chro- 
matography. 

‘^S0764. Elliotts & Australian Drug Pty. : Ex- 
traction and recovery of alkaloids : Extracting 
with acid dr neutral aqueous or aqueous alcoholic 
solution, treating the solution with water immis- 
cible phenol and recovering alkaloid from the 
phenol phase. 

Analytical pbemlatry 

38784, American Cvanamid Co. : Purification of 
sugar solutions ; Treating sugar with acid and 
alkaline contact^ reagents and regenerating it 
with hot I'egemtaling agent. 


Medical Research & Practice ( Including Clinical Applica- 
tion OF Drugs & Pharmaceuticals ) 

38761. Eli Lilly' & Co. : Crystallization of peni- 
cillin : Precipitating penicillin salt with acetone 
containing up to 4 per cent water, dissolving 
the precipitate in acetone containing up to 10 
per cent Water and reducing the amount of wafer. 

Metals Sc Metal Products 

40497. British Non-Ferrous Met.vl Res. Assoc. : 
Production of metal coating.^ upon metals : 
Dipping metal article into liquid lead-containing 
nickel, cobalt manganese or chromium. 

39938. Tissot-Dagnette : .Aluminium solder and 
a method for the production thereof : Com- 
prising of an aluminium-containing metal and 
a silver-containing metal. 

Paper & Allied Products 

40456. Columbia Ribbon & Carbon Manf. Co. 
Ltd. : Carbon papers : Backing the carbon paper 
with an oil repellant coating. 

Photographic Sc Optical Goods 

39445. Mudaliar : Manufacture of watch glas.ses : 
Disc cut from ^crap glass pieces or electric bulbs 
placed m metal dies, heated in furnace and trim- 
ming edges on grind stone. 

Rubber Sc Rubber Products 

40722. Wingfoot Corp. ; Frothed latex sponge 
rubber : Containing frothed rubber latex .sponge 
particles of at least 32 mesh. 

Textile Sc Textile Products 

38010. I.C.I. Ltd. : Manufacture and application 
of new textile treatment agents : Mixing poly- 
carbonate with formaldehyde. 

36795. Syreeni : Method of producing colour mix- 
tures : Mixing dyestuffs or colouring materials 
according to a classification. 

37868. Indian Jute Mills Assoc. Res. Inst. : 
Preparation of a fast-to-light substantially 
white jute ; Subjecting bleached jute to an 
acetylation treatment. 

38260. i.C.L Ltd. : Improvements in colouring 
processes : Dyeing in the presence of benzyl 
alcohol. 

Miscellaneous 

33995. Centre National De La Recherche 
SciENTiiTQUE ! Production of nuclear energy : 
Comprises a mass of uranium or thorium having 
helium or deuterium distributed therein to change 
the velocity of neutrons below the range of reso- 
nance velocities. 

34000. Centre National De La Recherche 
S ciENTiFiguE : Apparatus for the production 
of energy by nuclear fission : During bombard- 
ment of uranium with neutrons the unlimited 
reaction chain is allowed lo develop and checked 
periodically. 



Stabilization of Plant Names 




ii 


I NTENDING to write a semi-popular 
book about the common trees of 
Malaya, 1 imagined that their bota- 
nical names would have been fixed. 


But 1 soon discovered that this was far from 


being the case. Indeed it was not un- 
common to find that what was apparently 
the same tree was referred to by different 
names by each of several different authors. 
Thus, when Hooker, Trimen, Valeton, 


Merril, and other authors of standard sys- 
tematic works concerning the flora of Malay 
Peninsula and adjoining territories showed 
little uniformity in nomenclature, it was 
not surprising to find the nomenclature 
of such standard economic works, such as 


those of Watt, Heyne and Burkill, to say 
the least, unreliable. . . For my own 
satisfaction, I have adopted the principle 
that no alteration in botanical names should 


be accepted unless supported by botanical 
proof by which means only fact, rather than 
opinion, becomes the basis of argument. 

So wrote Dr. E. J. H. Corner* in 1939. 
The difficulties which confronted Dr. Corner 


are familiar to all those concerned with the 


study of plant life, and arise from the single 
fact that the same plant is often referred to 
by different authors by different scientific 
names in different publications. Even a 
cursory reading of journals devoted to 
systematic botany would be sufficient to 
show how changes in plant names are being 
constantly made. This is perhaps inevit- 
able in a science like botany which is not an 
exact science in the sense that mathematics, 


for example, is. Researches constantly bring 
out fresh evidence for the validity or other- 
wise of names, and lead to clearer under- 


standing of the relationships among plants. 
Unfortunately, however, systematists are 
far too few and the number of plants far too 
large, so much so that considerable time and 


labour will be required for locating pH the 
errors and mis-applications perpc uated 
in literature and rectifying them. In the 
meanwhile, the difficulty, to which Dr. 
Corner has given such eloquent expression, 
continues to confront and confuse those 
concerned with the use of names for 
designating plant species. 

Too often we find that a name published 
after an apparently thorough search has 
been changed a few years — sometimes 
even a few months — later. There have been 
numerous cases in which the name of a 
plant has undergone twenty or more altera-, 
tions. There are instances where a name 
considered invalid for years has been revived, 
shown to be valid, and adopted. Seiaria 
geniculata { Linn.) Beauv. has 73 synonyms, 
Koeleria cristata (L) Pers. has 41, and 
Echinochloa crusgallii (L) Beauv. has 46. 
Arber,* a recognized authority on grasses, 
who examined the botanical names of the 
pearl millet, says : “ The history of names 
which have been applied to it ( pearl 
millet ) forms an ironical commentary on 
the botanist’s claim that the use of a Latin 
terminology results in precision of meaning. 
This plant, early in the nineteenth century, 
possessed almost as many Latin names as 
there are floras. It has been called Pen- 
niseinm typhoidemn, P. alopecuroides, P. 
americamm, Penicillaria spicata and Panicum 
spicatum. Of these Pennisetiim typhoideum 
Pers. has been the most popular in recent 
years.”* This name has since been displaced 
by Pennisetiim typhoides, and, in more recen^ 
years, Pennisetum glaucum has been suggested 
as the correct name for it. Instances like 
this are indicative of the confusion involved 
in designating plants and the imperative 
necessity for arriving at a definite under- 
standing on the selection and use of plant 
names. 


^Gardens' Straits Settlement, 1939, 10, 2. 


*The Graniinae, 1934, p. 24. 
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Differences in the interpretation of rules 
for naming plants have added to the con- 
fusion, and even in cases where only nomen - 
clatural, not taxonomic, issues are concerned, 
different names have been considered valid 
by different botanists for one and the same 
plant. However, nomenclatural changes are 
governed, at least to some extent, by 
international rules, but changes based on 
taxonomic considerations are beyond the 
scope of any rules that can be framed. They 
depend, to a large extent, on the judgement 
of individual botanists. A valid name of 
one author may be the invalid name of 
another, and it is impossible to reconcile 
them. Caesaipinia pulcherrima (L) Swartz 
and Pot net ana pulcherrima L. are names of 
one and the same plant. So are Chloran- 
thus brachystachys Bl. and C. glaher ( Thunb.) 
Makino ; Cleome icosandra L. and Polanisia 
icosandra L. ; and Brassica alba Boiss. 
B, hirta Moench. and Sinapsis alba L. 

There are other factors which add to the 
cpnfusion in names. Cassia obtusifolia L. 
has been considered by some to be synonym- 
ous with C. tor a L., while others consider 
the two to be entirely different plants. This 
confusion is further heightened by the sug- 
gestion that the correct name for Cassia tora 
is Emolista tora (L) Britton & Rose. Similar- 
ly, Cerbera odollam Gaertn. is considered by 
some to be synonymous with C. manghas L., 
and others hold that the two are entirely dif- 
ferent plants. When authorities differ, whose 
is the opinion to be accepted by a person 
who “uses names as appellations for plants 
and not as botanical footballs 

Is the Confusion Deepening ? 

Discrepancies are not uncommon even 
in the citation of authorities for plant names. 
Thus Calotropis gigantea is variously cited 
as Calotropis gigantea R. Br., Calotropis 
gigantea ( Willd.) R. Br., Calotropis gigantea 
( Willd ) Dryand, Calotropis gigantea ( Dry- 
and) Ait., Calotropis gigantea (Linn.) 
Dryand, and Calotropis gigantea Ait. There 
can be one and only one correct author 
,,ritation for this plant name, or fpr that 
matter, for any other plant name, ira other 
citations must be wrong. 

Protests against too many and too frequent 
changes in plant names have been made 
from time to time by botanists and non- 
bothnists alike. Such changes are all the 
more exasperating when they concern 

♦Gleason : Phytologia, 1947, 2, 2Q2. 


economic plants. Stabilization of plant 
names is the aim of systematic botanists, 
but they proceed to achieve this end by 
discovering the earliest valid name for each 
plant. Unfortunately, however, names con- 
sidered “ earliest “ at one time have often 
been found to have earlier valid names, 
the discovery of which invalidates the exist- 
ing names although they may have been 
in use for years. A systematic and rigid 
application of international rules of bota- 
nical nomenclature will result ultimately in 
the stabilization of plant names, but only 
in those cases where taxonomy is not in- 
volved. But even for this, one has to await 
patiently the results of extensive researches 
by large teams of workers well provided with 
ample laboratory, library and herbarium 
facilities. When we come to the taxonomic 
aspect, the position is even more discourag- 
ing. Studies on the taxonomy of economic 
plants are in an amazingly backward state. 
The literature on many genera is confused. 
Who is to be accepted as authorities when 
monographers and specialists Siffer ? Errors 
in a monograph can be discovered only 
by another subsequent and exhaustive 
monographic research. Usually they have 
a tendency to persist and perpetuate 
themselves !! 

Gan Usage be Ignored ? 

The great inconvenience caused by nomen- 
clatural changes, at least so far as economic- 
plants are concerned, has been well recog- 
nized and voiced by many botanists. Thus 
Bailey wrote : “ Botanical names should 
not be changed lightly for the purpose of 
regularizing any particular scheme or plan 
or to make them always conform to an 
arbitrary set of rules. Botanical names do 
not belong to botanists to do with them as 
they will. The public has good rights in 
these names, and this is particularly true in 
the names of cultivated plants, for they may 
then have standardized coinmercial value. 
The only stability, of course, is usage, and 
usage can rarely be forced into hard and 
fast regulations.''* The insistence on usage 
and the clear recognition of the purpose 
served by the names given to plants are 
noteworthy. Chamberlain, the well-known 
authority on gymnosperms, is reported 
to have stated: “ We believe that when 
a name has been established in literature, 
it should be retained. . . Taxonomists 

^Standard Cyclopaedia of Horticullure, 1947, l,xv. 
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would do well to let familiar, well-estab- 
lished names alone, and not try to revive 
some forgotten name.”* The efforts of bota- 
nists should be diverted to the elimination 
of confusion due to multiplicity and instab- 
ility of plant names. As Gleason has said : 
“ If botanists search as assiduously for 
reasons to maintain a name as they do for 
reasons to change one, a considerable number 
of well-known names will be saved. ”f 
Pleas for nomina specifica conservanda 
brought before the International Botanical 
Congress have not been hitherto accepted. 
At the last session of the Congress (1935), the 
proposal was defeated by a majority of 147 
votes. It is almost certain that specihc names 
will never be officially conserved. What 
is feasible, however, is the preparation of an 
agreed list which all botanists should accept 
as valid for a specified number of years, 
and the International Botanical Congress 
should be accepted as the only authority 

Chronica Botanica, 1943, 7, 439. 
t The preservation of tvcU-known binomials - 
Thytolo^ia, 1947, 2, 20'3. 


for introducing changes in plant names. 
This would minimize confusion and prevent 
the introduction of hasty changes in names 
by individual workers. There has been no 
limit to such changes, and many contro- 
versies, often bitter, have centred round the 
validity of suggested or existing plant names. 
Confusion can be minimized if authors, who 
find the need for revising plant names, first 
obtain the approval and support of an inter- 
national body of botanists. A resolution 
passed at the last session ( 1935 ) of the Inter- 
national Botanical Congress envisaged the 
appointment of a Committee to chaw up a 
list of names of economic plants according 
to international rules, which should remain 
in use for ten years. This is a step in the 
right direction. Unfortunately, that list 
has not been published so far. We trust 
that the matter would be taken up at the 
forthcoming session of the Congress, and that 
effective steps would be taken to introduce 
reasonable stability in so fundamental a 
requirement as a name for a plant. 

V. S. Rao 


Characteristics of the Ionosphere 
over Calcutta ( February 1949 ) 

S. S. BARAL, S. N. GHOSH, R. K. MITRA, 
D. C. CHOUDHURY & (Miss) T. K. PAL 

Wireless Laboratory , University College of Science, Calciitta 


T he following are the ionospheric data 
observed at Calcutta for the month 
of February 1949. The observa- 
tions were made at each hour of the 
day for 5 days a week. 

Fig. 1 represents the mean hourly values 
of the virtual heights and critical frequencies 
of the F 2 layer and the critical frequencies 
of the E layer in graphical form during 
the month of February 1949. The mean 
of both normal and abnormal values is 
presented. 

During this month there was high sun- 
spot activity, and day to day observations 
show that on almost every day the F region 


attained great heights and thicknesses during 
daylight hours and high ionization den- 
sities during the corresponding heights. The 
abnormal E ionization was also high during 
the afternoon and night hours. 

Fig. 2 gives the predictions of maximun'? 
usable frequencies which can be used for 
different distances of transmissions during 
May 1949 by reflection at the F region 
over Calcutta, based on the normal values 
of the data for February 1949. Table 
I gives occasions when the E-region ioniza- 
tion was found to be abnormal and the 
corresponding penetration frequencies and 
heights. 
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TABLE I — contd. 



6 fa f6 

LOCAL MEAN rm 


( 5 HOURS 54 MINUTES AHEAD OF G.M.T. 
Fig. 1 — . February 1949. 

TABLE 1 


Month & 

Date 

Hour 



YEAR 








Me. 

Km. 

Feb. 1049 

11 

14.00 

4-76 

120 


14 

18.00 

3-30 

120 


16 

17.00 

600 

135 



18.00 

6*60 

135 



21.00 

4-85 

120 



22.00 

4-90 

120 


17 

00.00 

3*20 

105 


18 

01.00 

3*20 

105 



02.00 

3-45 

106 



03.00 

3-85 

105 



04.00 

8*20 

106 


10 

14.00 

4-70 

120 



21.00 

800 

120 



22.00 

800 

120 



28.00 

8-50 

120 


20 

00.00 

4-60 

120 



01.00 

4-70 

120 



02.00 

4-65 

120 



16.00 

4-70 

186 



17.00 

4-70 

186 



28.00 

3-20 

106 


Month & 

YEAR 


Date 

Hour 





Me. 

Km. 

21 

13.00 

4-80 

120 


14.00 

4-80 

120 

22 

05.00 

4-25 

90 


06.00 

300 

90 

23 

18.00 

3-60 

120 


19.00 

3-50 

120 

24 

22.00 

3-60 

105 


23.00 

3-50 

105 

25 

00.00 

3-25 

90 


08.00 

3>60 
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O ^ 6 f2 fe 20 2A 

LOCAL MEAN TIME 

At point of reflection. 

Fig. 2 — Predicted M.U.F. for transmission 
via Fj layer, May 1949. 




The Prospects of Salt Raising in the 
Coastal Regions of West Bengal & Orissa 


JITENDRA KUMAR NAG 
Special Officer {Salt), West Bengal 


T he object of this investigation was 
to ascertain the prospects of salt 
raising along the coast-line of West 
Bengal and Orissa by comparing the 
climatic factors of the littoral of these two 
provinces with those of Bombay and Madras, 
where the salt industry has developed on 
a wide scale. The possibilities of reviving 
salt culture in these provinces have been 
examined by salt experts from time to time 
since World War I, but no serious attempt 
has been made so far to implement the 
recommendations of the experts who found 
in West Bengal suitable sites for establish- 
ing the salt industry. 

The first inquiry ( non-official ) was under- 
taken in 1918 by the late Mr. Kapilram 
Vakil of Bombay, on behalf of Messrs 
Tata & Sons, Mr. Vakil's investigations 
were confined to the regions lying to the 
north of Chilka Lake, which he found to be 
unfavourable for the economic production 
of salt. The suitability of the regions near 


and around the Chilka Lake for salt pro- 
duction had been examined more recently 
by Mr. F. W. Gooch, who was appointed by 
Messrs Kilburn & Co. to sui ey the 
coast-land of Bengal and Orissa. The results 
of this survey have not been published 
so far. 

There is no record of official investigations 
undertaken during 1918-24. The Central 
Board of Revenue, however, put forward 
the view : The possibility of manufactur- 
ing salt ( in Bengal ) on a commercial scale 
has been examined by the Government on 
many occasions only to be rejected. It is 
rendered impracticable by the low density 
of the sea water due to enormous discharge 
of fresh water from the great rivers, the 
prevalence of damp, cloudy weather, the 
scarcity of fuel for one method of manufac- 
ture ( pdnga ) which in any case could 
hardly yield an output on any magnitude, 
and the occurrence of storms at critical 
seasons/' 



Fig. 1 Map showing suitable sites ( shaded ) for salt raising on the coastal regions 

OF Orissa and West Bengal. 
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TABLE I — ANALYSIS OF BRINE 



Dknsitv 

Sodium 

Mag. 

Mag. 

Cal. 

Cal. 

Wesi Bengal 

‘'Be. 

CHLORIDE 

/o 

CHLORIDE 

?/o 

SULPHATE 

SULPHATE 

CARBONATE 

Contai 

2 7 

2-2 

0*24 

OIU 

01 

0 01 

Sunderbans 

Orissa 

2-8 

2 2 

0 27 

()lb 

01 

0 01 

Balasore 

3-0 

2*4 

0-20 

0-20 

01 

0 01 

Madras 

21) 

2-6 

0-28 

0 18 

0 13 


M ediierranean Sea 

31) 

2-7 

U-61 

0-7 

004 

0 02 


TABLE II — AVERAGE ILH. ( 1940-44 ) 

M O N 'r H S 


Placl Salt scasok 



Jan, 

Feb. 

Mar. 

Apr. 

May 

Bomba V 

7() 

74 

77 

7.5 

76 

Sagar Island ( West 
Bengal ) 

62 

61 

78 

80 

79 

Madras 

82 

83 

82 

77 

69 

Vizagapatam 

77 

80 

78 

75 

‘ 74 

Balasore ( Orissa ) 

75 

72 

70 

72 

73 


June 

July 

Aug. 

wSep. 

Oct. 

Nov. 

Dec 

82 

87 

86 

86 

82 

72 

70 

79 

84 

83 

80 

75 

66 

63 

64 

67 

73 

76 

84 

88 

89 

76 

79 

77 

82 

78 

70 

73 

80 

83 

85 

81 

81 

74 

73 


It may be mentioned here that the salinity 
of the bay water in different parts of the 
coast of Bengal had not been properly 
tested till 1937, in which year 2 officers of 
the provincial Government recorded the 
density of the sea water in the estuaries of 
the Sunderbans. Six years earlier Mr. C, H. 
Pitt of Khewra Salt Mine examined the 
extensive saliferous coast-land of Bengal on 
behalf of the Salt Industry Committee, but 
he visited only Midnapore and Western 
Sunderbans, leaving out the entire East 
Bengal seashore region. He was of the 
opinion that salt raising was not impossible, 
and suggested the starting of experimental 
units by private enterprise.* 

In 1937 Mr. D. N. Mukerji, now Salt 
Controller, Government of India, and Mr. 
V. S. Rao of the Bengal Forest Service 
undertook an enquiry into the possibilitie|, 
of developing the salt industry in the Sunder- 
bans area. They stated : “ We do not 
agree with Mr. Pitt that the salinity of sea 
brine on the Bengal coast never exceeds 
l-5®Be. Mr. Pitt did not visit the Sunder- 
bans to the east of Lothian Island and had 
therefore no opportunity to study the 
salinity of the water beyond Lothian Island.*' 

Factors Affecting Salt Production 

The raising of salt by solar evaporation 
is influenced by five factors, viz. : ( i) salinity 

* Report on the investigations into the pos- 
sibilities of salt production in Bengal and Orissa, 
1932 


of brine ; (ii) relative humidity ; (iii) rainfall 
and number of rainy days ; (iv) maximum 
and minimum temperatures ; and (v) wind 
velocity. 

(i) Salinity — During the usual season of 
salt manufacture — December to May — 
the density of the bay water of Bengal 
averages to about 2-5®Be., being almost 
equal in strength to that employed in the 
salterns of Madras and Bombay. 

It is evident from the analyses that the 
strength of the sea water of West Bengal 
is a little less than that in Madras and in 
the Mediterranean, but not so low as to 
materially affect salt manufacture. Weak 
brine evaporates quickly in the initial 
stages, and does not render salt manufacture 
difficult or unremunerative. 

(ii) Relative Humidity — The relative humi- 
dity influences the rate of evaporation of 
the brine. It has been observed, however, 
that when the temperature is high, and the 
sun and dry winds prevail, a humidity 
of 70-75 per cent does not greatly hinder 
salt raising. 

The following is a comparative study of 
the average humidity for 5 years in places 
where salt is or can be manufactured on a 
big scale. 

The figures indicate that the relative 
humidity of the Bengal delta is almost 
similar to that of the coastal part of eastern 
or western India. During the dry months 
of December to March, the West Bengal 
littoral is more dry than Bombay or 
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Madras coast. The average relative humi- 
dity for 5 years for the period December to 
June is 71 per cent in Sagar Island ( West 
Bengal coast-land ), and 76 in Bombay. In 
tropical climates a period of dry weather 
prevails only for a short while during the 
winter months, and the atmosphere is 
moist during the rest of the year. The 
lands situated beyond 24°N. are arid and 
afford a suitable climate for sea salt culture 
and for that reason Karachi and Okha 
have developed their salt industry 
extensively. But moist localities like 
Bombay and Madras, as a whole, produce 
more salt than the out-turn of Karachi and 
Okha works taken together. 

(iii) Rainfall & Rainy Days — In the 
manufacture of salt, the initial brine from 
sea or salt lake is concentrated only by 
solar evaporation till it attains a density 
approaching its saturation point. The con- 
centrated saline is either led into solar pans 
( crystallizing beds ) or into boiling pans 
for the deposition of salt crystals. Which- 
ever method is adopted, a rain-free period 
is essential for the smooth working of a 
salt factory. 

Rains not only dilute saline but also 
arrest evaporation. For this reason the 
salt season closes before the monsoon breaks 
out. The intensity of rainfall during the 
monsoon months does not affect salt manu- 
facture as the duration of the rainy period. 
The factor for consideration in regions with 
heavy annual rainfall is the distribution 
of rainfall during the salt season irrespect- 
ive of the intensity during the off season. 

The rainy season in West Bengal and 
Orissa, as in Bombay and Madras, covers 
about 4 months. In Bengal as well as in 
Bombay it begins in June and is almost 
over by September. In Madras the season 
starts later and continues up to December. 
Salt raising generally starts towards the 
end of January and closes before June, but 
in Madras the salt pans may be worked 
up to August or even September, Occa- 
sional showers do not greatly hinder the 
sequence of salt culture if they are followed 
by clear days and sunshine. Table III 
gives the rainfall of West Bengal and Orissa 
coast-line during November to August. 

The normal rainfall in Contai or Gosaba 
during the salt season is less that! the normal 
of Gopalpur ( Naupada ) and Cocanada, 
The normal rainfall of Madras during the 
non -monsoon months, that is from January 
to August, is W and the average number of 




Ramnagar 



J70 JODRNAI. OF SCIENTIFIC 



NOK oee. MM. F$B. MAH. APH. MAY. 


Fig. 2 — Saoar Island ( West Bengal ) : 
Number of rainy days ; average for 
50_^yrs. ( 1871-1920 ). 
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Fig. 3 — Madras : Number of rainy days ; 
AVERAGE FOR 50 YRS. ( 1871-1920 ). 
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Fig. 4 — Sagar Island ( West Bengal ) ; Mean 

RAINFALL IN INCHES ; AVERAGE FOR 50 YRS. 

(187M920). 
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rainy days is 23, and yet salt is manufactured 
there. Gopalpur, near which Naupada pro- 
duces about 18 lakh md. of salt per year 
being the second productive centre of 
Madras province — has a rainfall of 9" and 
an average of 13 rainy days during the salt 
season due to the thrust of Norwesters. 
Contai is similarly subject to rain showers 
during the months of November to May. 
This is followed by 15 bright sunny 
days during the month of June, and if the 
damage done by the Norwesters be not 
irreparable, the salt operations are not 
hampered. 

Balasore in northern Orissa has an 
average rainfall of 11 ’8" distributed over 
17'5 days during November to May. Balasore 
shore is only 50 miles down Contai and 
during the months when salt deposits in 
solar pans — February to May — the number 
of rainy days is 14. 

It has often been said that the rainfall 
in Orissa and Bengal is a great impediment 
for the successful manufacture of salt. 
This is. incorrect. It should be remembered 
that Madras with frequent showers has 
successfully developed her salt industry 
and is‘ now the prime producer of salt in 
the Union. The salt season in Bengal 
and Orissa will be shorter than that on the 
North Coromandal coast, but the prospects 
for reviving the salt industry in these 
provinces are indeed bright. 

(iv) Temperature — The diurnal tempera- 
ture, greatly influencing the relative humidity 
and the vapour pressure of the air, is an 
important factor in considering the amount 
of evaporation taking place in the solar 
pans of a salt factory. The temperature 
of the atmosphere at a given place depends 
on (a) latitude ; (b) elevation ; (c) distance 
from the sea ; (d) character of the wind ; 
an4 (e) the amount of rainfall. During 
December to June the temperature of the 
air in India generally decreases with the 
ingrease of latitude and hence, from south 
to north, the isotherms run across India 
ne^irly parallel to the latitude. The climate 
is moderately dry. During the less arid 
months, the lands away from the sea are 
hotter than the coastal tracts, causing a 
dry land breeze to blow towards the sea 
during) the day which is then longer than 
the night, thus accelerating the evaporation 
of brine in the sailterns. The average 
temperatures prevailing in the coastal part 
of West Bengal and Orissa are shown in 
Table IV, 
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TABLE IV — AVE^OE^ TEMPERATURES ( “F. ) 


Sagar Island Balasqre (Orissa) 



Max. 

Min. 

Mean 

Max. 

Min. 

Mean 

Dec. 

85 

56 

70 

80 

56 

68 


81 

53 

67 

81 

56 

69 

Feb. 

85 

56 

71 

85 

62 

73 

Mar. 

91 

66 

78 

93 

69 

81 

Apr. 

92 

69 

81 

97 

76 

87 

May 

95 

71 

83 

97 

79 

88 

J uhe 

96 

7-t 

85 

93 

79 

86 

Oct. 

80 

72 


88 

73 


Nov. 

87 

63 


84 

63 


As is evident from 

the figures, 

the 

coast- 


land of Bengal in the western part has a 
mean temperature of about 81 °F. (normal 
diurnal 85°F. ) during the months salt is 
manufactured, and the average mean tem- 
perature in Orissa coast is about 79°F. 
( normal diurnal about 85 °F. ). Such tem- 
peratures with a humidity of 70 per cent 
are favourable for raising salt from brine. 

The maximum temperature of Bombay 
during January to May varies from 84°F. 
to 91 °F. and that of Madras from 83°F. to 
97'^F. From the table above it is seen that 
the maximum temperature of Sagar in 
West Bengal and Balasore in northern coast 
of Orissa varies from 80°F. to 97°F. 

(v) Wind Velocities — Both velocity and 
dryness of the winds during the salt season 
affect the evaporation of brine. 

It may be stated here that when the 
wind is dry, and is blowing from the land, 
its velocity is not relatively important. 
Likewise, provided the breeze from the 
sea or marsh land is moderate, however 
moist it be, it does not materially retard 
the progress of brine evaporation, especially 
during the day time when the temperature 
is high and the air has a high saturation 
capacity. If the humidity is below 75 per cent 
during the forenoon, the air can still take up 
moisture. Sea breeze disturbs the surface of 
brine in the pans and accelerates evaporation. 


TABLE V — AVERAGE WIND VELOCITIES IN MILES 
PER HOUR ( 1940*«5 ) 



Bombay 

Balasore 

Sagar 
Island 
(West 
Bengal ) 

Madras 

Jan. 

Feb. 

5 4 

1-8 

6:6 

9-6 

6-7 

2-6 

9*0 

70 

Mar. 

6-2 

3-9 

13-5 

8-2 

^r. 

May 

6-3 

5*4 

15-7 

80 

5-6 

6-7 

19-7 

10-2 

June 

6-8 

4-8 

15-9 

110 

Nov. 


1*6 

6'4 


Dec. 

45 

1<6 

70 



The average wind velocities at Sagar and 
Balasore differ from those of Bombay and 
Madras ( Table V ). Bombay has a more or 
less steady wind velocity during the salt 
season, which is lower than that of Madras. 
In Sagar Island the wind velocity is higher 
than that of Madras. The wind velocity 
in Balasore is, however, jx>or. Throughout 
it is very mucli less than that in Bombay. 

Conclusion 

From an examination of the climatic 
factor and the salinity of brine obtainable 
along the sea coast of West Bengal and 
Orissa it may be concluded that he lit- 
toral is not unsuitable to salt manufacture. 
This conclusion is supported by the fact that 
a flourishing salt industry had been estab- 
lished in these two provinces before the days 
of East India Company. The question 
arises whether climate and salinity factors 
are favourable for salt culture by solar 
evaporation. The span of the salt season 
is almost equal to those of Bombay or 
northern Madras. The only factor for 
consideration is the rain and storm due to 
Norwesters. Naupada is equally subject to 
rain and storm during April and May. It 
would appear that salt can be raised in West 
Bengal and Orissa as in Naupada ; if it can- 
not be done entirely by solar evaporation, it 
should be possible to manufacture salt by 
combining solar evaporation ( 70 per cent ) 
with boiling by heating (30 per cent). 

The old salt industry in these regions 
was dependent both on solar and artificial 
heat, and the process in vogue was different 
from that now used in southern Orissa and 
Madras. The people of the coastal regions 
used salt earth instead of salt water to get 
concentrated brine, which they boiled to 
recover salt. This method of leaching the 
salt earth and boiling the leachate is current 
on a cottage scale, having been revived 
after the lifting of the restriction on salt 
making in 1930. The people in the southern 
coastal area of Orissa have adopted the 
Madras practice of raising salt from brine 
by solar evaporation. 

For the commercial manufacture of salt 
along the coast-land of West Bengal and 
Orissa, the method as followed in other 
places of India is recommended. Suctressful 
results have been achieved in a "few of the 
West Bengal salt factories which have 
introduced this method. It is, however, 
advisable to provide for boiling if the level 
of production has to be raised. 
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The sea-board of Contai in the district of 
Midnapore has been surveyed by the author 
on behalf of the Provincial Government. 
It affords vast tracts of waste land, flooded 
by tidal flows of the sea, highly suitable 
for salt manufacture. From the land 
records of the Government, these tracts 
cover 9,000 acres of land and creeks of 
which only 150 acres have been developed 
to salterns by private limited companies. 
The sea water can be impounded during 
high tides and utilized, but irrigation pumps 
will be necessary towards the end of the 
manufacturing season. 

If this area is fully developed, more than 
40 lakh md. of salt, the present annual 
requirement of West Bengal, can be pro- 
duced. This level of production can be 
maintained, if provision is made as stand 
by for boiling during adverse weather 
conditions. 

In the combined process of solar evapora- 
tion and boiling, as practised in Burma, 
the cost of production is a little higher 
than that in the solar process, but the 
quality of salt is better and the rate of 
production can be maintained. The cost 
of salt production in Contai factories is 
estimated to be little higher, but as the 
markets are near, there will be consider- 
able saving on transport. 

As to the availability of fuel ( coal ) for 
boiling, Calcutta will be the source of supply, 
and the vessel which would tranship salt 
from Contai to the port of Calcutta will 
carry coal on their return voyage. The 
quantity of steam coal required is about 
25 sr. per md. of salt, and the transport 
of coal to the Contai salt sources will not be 
uneconomical. 


Two firms have been established at Contai 
for manufacturing salt ( combined annual 
output of 30,000 md.) by solar evaporation. 
The bigger of these two firms has furnaces 
to boil saturated saline when necessary. 
The following data, collected from the 
factories, will prove useful for developing 
the areas surveyed by the author. 

Average densities of brine on the Contai 
sea-board are as follows : 


TABLE VI AVERAGE BRINE DENSITY ON 
CONTAI SEA-BOARD 



"Be 


‘Be 

Nov. 


Mar. 

20 

Dec. 

1-5 

Apr. 

2 ■ 7 

Jan. 

1 -8 

May 

2-8 

Feb. 

2 ■ f) 

June ( up to ir)th ) 

2 • 7 


TABLE VII — APPROXIMATE RATE OF 
EVAPORATION PER DIEM 




1 Ncur: 

Pond I 

2-5-4 

0-20 

>, 11 

4-8 

(M8 

Ill 

8-12 

017 

1\' 

12-18 

0-10 

V 

18-2:1 

015 


Besides the lands already surveyed on 
the Contai sea-board, there are suitable 
lands in the 24 Parganas ( Sunderbans ). 
The estuaries to the west of the rivers Hugh, 
Saptamukhi, Thakuran and Matla are salty 
during the dry season, and on both sides 
of each of these estuaries there are lands 
suitable for raising of salt. In the Sunder- 
bans area about 5,000 acres of waste land 
will be available, from which 15 to 20 lakli 
md. of salt can be anticipated. The trans- 
port by water will be easy and the prospects 
for raising salt in this region are very bright. 
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APPENDIX 10 

Blauthiosaure 

Principal Use — For DB-Naphthen. 

Equipment — Homogeneous leaded stirring 
vessel, 4*5 cu. m. with a cap and descending 
leaden cooler (reducing vessel), and iron 
stirring vessel, 6 cu. m. ( distilling receiver ). 
Iron stirring vessel, content 7 cu. m., with a 
coil ( condensation vessel ). Homogeneous 
leaded and brick-lined stirring vessel with 
a coil, content 7 cu. m. ; 1 iron press, size 
600 x900 mm. and 2 wooden presses, size 
800x800 mm. 

Process : Reduction to Mercaptan — Into the 
reducing vessel are introduced 600 1. of water, 
230 kg. of zinc dust and then 225 kg. of 
“ Blausulphochlorid ". The temperature is 
maintained at 20°C. so that no reaction sets 
in yet. While still cooling, 1,000 kg. of sul- 
phuric acid ( 73 per cent ) are run in. Only 
when the last third of sulphuric acid runs in, 
the cooling is stopped, so that the reduction 
begins. Now, the temperature is raised to 
95 °C. by heating the vessel. For 3 hr. this 
temperature is kept. Then cool:?d to 50T. 
and 130 kg. of iron powder introduced ; the 
mercaptan is distilled off by direct steam. 
Time required : about 15 hr. 

Condensation — The mercaptan and the 
water from distillation are pressed out of 
the receiver into the condensation vessel. 
Here it is dissolved with 380 kg. of 
caustic soda solution ( 33 per cent ) and 
while adding about 300 kg. of ice, it is 
condensed at 0''-5°C. with 125 kg. of chlor- 
acetic acid. Then it is heated to 95°C. 
and after adding 10 kg. of clearing carbon it 
is filtered into the brick-lined stirring vessel 
by passing through the iron press. The resi- 
due contained in the press is then washed 
out with about 1 cu. m. of water at 70°C. from 
the condensation vessel. Cooled down to 
15°C. and 440 kg. of hydrochloric acid added 
whereby the “ Blauthiosaure is precipitated. 
After stirring for 10 hr. the acid is filtered 


on the 2 wooden presses, washed with about 
1 cu. m. of water and dried at 80°C. 

Process Control Tests — (1) After finishing 
the distillation, a sample from the reducing 
vessel is again distilled with stean. and the 
distillate mixed with lead acetate. No 
yellow colouration is allowed ( yellow lead 
salt of mercaptan ). 

(2) After finishing the condensation, a spot 
test, on lead acetate paper, shows the presence 
of non-condensed mercaptan by yellow 
colouration. 

(3) Determination of dry content ( 99*8 
per cent ), determination of the melting point 
and ash. 

Raw Materials, Intermediates & Finished 
Product Specifications — The “Blausulpho- 
chlorid ” has to be further worked up imme- 
diately after manufacturing. The finished 
product has to be clearly soluble in caustic soda 
solution ; m.p., 120'^-130®r. White crystals. 

APPENDIX 19 

/)'-Methoxy-phknyl-paraminic Acid 

Principal Use — For the manufacture of 
Blue-base V. 

Equipment — (1) 1 monte jus for pasting 
up “ /)-nitrochlorsaure ", content 7*5 cu. m. ; 
(2) 1 brick-lined condensation vessel with 
direct lead of high pressure steam, about 
6 cu. m. useful content and connected with a 
small separator with Raschig rings and 
water spraying ; (3) 1 brick-lined condensa- 
tion vessel, about 9 cu. m. useful content 
with direct lead of high pressure steam ; 

(4) 1 brick-lined reducer, 10-11 cu. m. useful 
content, with direct steam connection ; 

(5) 1 brick-lined precipitating vessel for 
^'-methoxy-phenyl-paraminic acid, 12 cu. 
m., and a pump for conveying to the suction 
filter ; (6) 1 brick-lined receiving montejus for 
the condensation mixture, about 8 cu. m. ; 
(7) 2 rubber-lined suction filter receivers for 
the precipitation of the final liquors, 9 cu. m. 
each ; (8) 1 brick-lined suction filter for the 


*This reference was inadvertently omitted from page 130 of the April issue. 
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finished product ; (9) 1 rinsable '' Monstre 
press (for iron sludge), 32 frames, 1,200 x 
1,200 mm.; (10) 1 Monstre press for the 
precipitate from the mother liquor, 35 frames, 
1,200x1,200 mm. 

Process — 772 kg. of “ />-nitrochlorsaure 
( 100 per cent, mol. 327*5 ), as moist neutral 
product of 40-50 per cent, are pasted up in 
a montejus with water to a paste of 3 3 cu. m. 
and 85 kg. of magnesium oxide are added 
while stirring ( 84 per cent = about 71 kg. of 
MgO, 100 per cent ) ; this paste is pressed into 
the brick-lined condensation vessel. To this 
are added from a pressure vessel 400 kg. 
of y)-anisidine in molten condition. The 
mixture is heated to 160°C. by high pres- 
sure steam at 10 atm. pressure and kept at 
a temperature of 160°-165®C. for 3 hr. The 
pressure in the condensation vessel is 6 atm. 
Then the pressure is let off to a separator, 
filled with Raschig rings and sprayed with 
water, where parts of non-condensed ^-anisi- 
dine are collected . When , the temperature 
has fallen to 100®-105®C., the contents are 
pressed off to a brick-lined stirring montejus ; 
the main quantity of the magnesium salt of 
4'^-methoxy-4-nitrodiphenylamine-2-sulphonic 
acid is already deposited in the hot liquor. 
The surplus magnesia is neutralized by add- 
ing about 100 kg. of sulphuric acid ( 30®Be.). 
The hot condensation mixture is now, in 
portions, pressed into the brick-lined reducer 
containing 450-480 kg. of sifted iron filings, 
with water and a small quantity of sulphuric 
acid, 30°Be. The reduction mixture is 
constantly kept boiling. The reduction of 
the total nitro-acid is finished when the 
drop test on filter paper shows no more a 
yellow, but a purple border. Further, the 
end of the reduction is tested with Mohr's 
salt. Th^ reduction finished, the mixture is 
made slightly alkaline by addition of 85 kg. 
of soda and filtered boiling hot from the iron 
sludge through a rinsable “ Monstre " press. 
The iron sludge is washed out with boiling 
water. The reduction liquid, combined with 
the washing water, 8*5-9 cu. m., containing 
about 11 volumes per cent pf material, is 
conducted to a brick-lined precipitating 
vessel, 2 kg. of zinc dust and 2 %. of hydro- 
sulphite are stirred in. After the addition 
of 1,300-1,500 kg. of salt, the liqtiid is cooled 
to 20®C. The sodium salt of ^'-inethoxy- 
phenyl-paraminic acid deposits in well-formed 
crystah. A sample of the mother liquor 
shows a sp. gr. of 22'^-22*5®B6. The pro- 
duct is filtered on a suction filter and 
sucked dry. From the mother liquor, the 
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free j^'-methoxy-phenyl-paraminic acid is 
precipitated in the rubber-lined suction filter 
receivers by addition of 80-90 kg. of sul- 
phuric acid at 60®B^. and pressed off in the 
“ Monstre " press. This acid is added to the 
next reduction. The sodium salt of 
methoxy-phenyl-paraminic acid is, as a rule, 
64-68 per cent; mol. wt., 294, and contains 
4-5 per cent of sodium chloride. It contains 
1 mol. of water of crystallization. 

Yield — • 870-880 kg. of ^'-methoxy-phenyl- 
paraminic acid ( 100 per cent, mol. wt., 
294 ; 91-92 per cent of the theoretical ). 

Process Control Tests — Test for the end of 
the reduction by the colour of the drop border 
and with Mohr's salt. Determination of the 
sp. gr. of the mother liquor after the 
precipitation of 4'-methoxy-phenyl-paraminic 
acid. Determination of the percentage of 
/>'-methoxy-phenyl-paraminic acid by titra- 
tion with normal nitrite solution. 

Raw Materials, Intermediates & Finished 
Product Specifications — />-Anisidine : melt- 
ing point, 57°C. ; magnesia should be 83-85 
per cent and as far as possible free from 
carbonate; “ ^-nitrochlorsaure " must be 
neutral. Iron filings should be free from 
coarse elements. ^'-Methoxy-phenyl-para- 
minic acid is a grey- violet, finely crystalline 
product, containing 1 mol. of water of crystal- 
lization. Average composition : 65 per cent 
of ^'-methoxy-phenyl-paraminic acid, mol. 
wt. 294 or 69*9 per cent of the sodium salt, 
mol. wt. 396, 24-25 per cent of water ( in- 
cluding water of crystallization ) and 4-5 per 
cent of sodium chloride. 

APPENDIX 22 

“ Amidol " Acid 

Principal Use — For producing dyestuffs. 

Equipment — (1) 1 dissolving vessel for 
P-naphthol, 4*5 cu. m. ; (2) 2 vats for brine, 
nitrous acid treatment with cooling, 12 cu. 
m. ; (3) 2 leaded transport vessels, 7*5 cu. m. ; 
(4) 3 acid-proof brick-lined rearrangement 
vessels, 15 cu. m. useful capacity, with twirl- 
ing stirrers and well working hood ; (5) 1 acid- 
proof brick-lined suction filter with a corres- 
p)onding rubber-lined receiver ; (6) stock and 
measuring vessel for nitrite solution ( 40 per 
cent), stock and measuring vessels for sul- 
phuric acid ( 30 per cent and 69^ per cent ), 
stock and measuring vessel for bisulphite 
solution ( 38-40 per cent ), stock vessel and 
vat for weighing caustic soda solution (33*5 
per cent ) ; and (7) various receivers for 
sulphureous acid absorption. 
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Process — In a montejus 576 kg. of p- 
naphthol scales are dissolved at about 
33°C. in 3,000 1. of water and 478 kg. of 
caustic soda solution. The solution is made 
up to 4,500 1. and pressed into the vat for 
treatment with nitrous acid. Here the p- 
naphthol solution is cooled with brine to 3X. 
The p-naphthol is precipitated in a finely 
divided form by adding about 560 kg. of iron- 
free sulphuric acid ( 30 per cent strength ) 
through a distributing nozzle. The liquid 
must have a slightly alkaline reaction to 
phenolphthalein. In order to obtain, as far 
as possible, a fine and homogeneous distribu- 
tion of the p-naphthol, the mixture is stirred 
for some time, and then 690 kg. of nitrite 
solution of 40 per cent strength are added. 
Now, at 5''-8°C., further 680 kg. of iron-free 
sulphuric acid of 30 per cent strength are 
slowly run in through the distributing nozzle. 
The liquid must now have a distinctly acid 
reaction to Congo paper and must indicate 
nitrite. The nitroso-p-naphthol precipitates 
as a slightly yellow, finely divided product. 
After additional stirring at not more than 
8°C. for several hours, the excess acid is neu- 
tralized by adding 30-40 kg. of caustic soda 
solution. The liquid must have a neutral 
reaction. 2,400 kg. of sodium bisulphite 
solution are run into this paste of nitroso-p- 
naphthol. The temperature rises to 18‘'-20X. 
and a solution is obtained showing a few dark, 
fiocky, separated particles. After adding 500 
kg. of rock salt, the solution is pressed into 
the rearrangement vessel containing 5 cu. m. 
of the mother liquor from the preceding 
batch with a content of 5*5-6 per cent by 
volume of sulphuric acid. The mixture 
( about 13 cu. m. ) is acidified with 700 kg. of 
sulphuric acid of 60 per cent strength and 
heated to 38°C. by direct steam. The tem- 
perature slowly rises to 50''-52X. The “Ami- 
dol “ acid begins to separate as a slightly grey 
crystalline precipitate. The precipitation 
is completed by allowing to stand for about 
36-40 hr. and by occasional stirring to avoid 
complete solidification of the mass. Then 
the mass is thoroughly stirred and the “ Ami- 
dol “ acid is discharged on an acid-proof 
suction filter and sucked off. The product 
is washed free from acid with about 4-5 cu. m. 
of water and the neutral product of about 
25 per cent strength, mol. wt., 239, is 
worked to “ Diazoamidol ” acid. For dis- 
patch the product is filtered by suction as 
dry as possible ( 32-36 per cent ). 

Yield — 765-770 kg. of “Amidol"' acid of 100 
per cent strength, 80-81 per cent of the theory. 


Process Control Tests — Test as to complete 
dissolution of (S-naphthol in caustic soda 
solution. Test of the nitrous acid treatment 
as to an acid reaction of the liquid and as to 
an excess of nitrite solution. Test of the 
“ Amidol “ acid as to its neutral reaction. 
Determination of the content of the 
moist “ Amidol “ acid by diazotizing in 
neutral solution with copper sulphate as 
catalyst. 

Raw Materials, Intermediates & Finished 
Product Specifications — p-naphthol ( scales ) 
must be soluble, as clear as possible, fn caustic 
soda solution ; m.p. 120X., tech, product of 
100 per cent strength. 

Nitrite solution of 40 per cent strength. 

Bisulphite solution of 38-40 per cent 
strength. 

Sulphuric acid of 30 per cent strength ; 
must be as free from iron as possible. 

Caustic soda solution of 33*5 per cent 
strengt^^i, commercial product. 

Sulphuric acid of 60 per cent strength, 
commercial product. 

Rock salt, commercial product. 

The moist “ Amidol ’ acid is a slightly 
grey, crystalline product in paste form of 
about 25 per cent strength. 

The product, well sucked off for dispatch, 
is 32-36 per cent. 

APPENDIX 23 

Diazoamidol-acid 

Principal Use — For dyestuffs. 

Equipment — (1) 2 pasting vessels for the 
amidol-acid, 7*5 cu. m., one of them rubber- 
lined ; (2) 1 diazotizing vat with high-speed 
stirrer and brine cooling; (3) 2 leaded receiv- 
ers for the diazo solution, 7*5 cu. m. ; (4) 2 
small washable clarifying presses, each con- 
taining 18 chambers, 80x80 cm. ; (5) 2 acid- 
proof, brick-lined precipitating vessels with 
twirl-stirrer, 10*5 cu. m.; (6) 2 homogeneous- 
ly leaded pendulum centrifuges ; (7) 1 acid- 
proof suction filter with corresponding 
receiver. 

Process — 700 kg. of amidol acid { 100 per 
cent; mol. wt.. 239 ) as a moist neutral 
paste of about 25 per cent are stirred with 
water so as to obtain about 3,000 1. of a 21- 
21*5 per cent paste. The diazotizing vessel, 
fitted with high-speed stirrer, contains 1 ,000- 
1,200 1. of water of the washing liquor 
( which is obtained by washing out the resi- 
due of the preceding operation ), 2*5 kg. of 
crystallized copper sulphate dissolved in some 
litres of water and 540 kg. of qitrite solution 
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(40 per cent ) respectively. To this the 
3,000 1. of amidol acid paste are pressed in the 
course of about 3 hr. Within this time the 
slowly rising temperature must not exceed 
2S°C. The amidol acid paste totally dis* 
solves — while forming the diazo salt — to 
a dark, golden-yellow solution. Care is 
taken that there always exists an excess of 
nitrite. Then the solution is rendered 
slightly acid to litmus by adding sulphuric 
acid ( 30 per cent ) rendering the dark floc- 
culent residue easily filterable. The solution 
is filtered through a clarifying press and the 
residue washed out with warm water at 
40°-45°C. The first portion of the washing 
water ( about 500 1. ) is combined with the 
clear filtrate. The bulk ( about 1,000 1.) is 
used again in the following diazotization : 
the filtrate combined with the first washing 
water is acidified by slowly adding 1,350 kg. 
of sulphuric acid ( 30 per cent ) within about 
8 hr. at 25°-28°C. The diaz.otized amidol 
acid separates as well-cry stalli^ed, greyish- 
orange product. Separation is finished as 
soon as the mother liquor indicates 5 5-6 per 
cent by volume of sulphuric acid. The sepa- 
rated diazoamidol acid is. centrifuged from 
the mother liquor on the homogeneously 
leaded pendulum centrifuges and obtained 
as a sandy, greyish-orange product with a 
content of 86-88 percent (mol. wt., 250). 
For avoiding losses the mother liquor passes 
from the centrifuge to a suction filter. For 
working up to chlorodiazoamidol acid the 
product must be dried below 50°C. when a 
brownish dusting product ( 92-93 per .cent ; 
mol. wt., 250) is obtained. 

Yield — 688-695 kg. of moist diazoamidol 
acid calculated as a product of 100 per 
cent ( 94-95 per cent of the theory ). 

Process Control Tests — 

Test of the amidol acid paste as to 
neutrality. 

Test of the diazotizing process as to pre- 
sence of nitrite solution. 

Test as to the total separation of the 
diazoamidol acid by determination of the 
acidity of the mother liquor. 

Testing the content of the moist and of 
the dry finished product by determination 
of the diazo nitrogen evolved on decom- 
position with cuprous chloride solution. 

Raw Materials, Intermediates & Finished 
Product Specifications — 

Nitrite solution of 40 per cent strength. 
Sulphuric acid of 30 per cent strength. 
Crystallized copper sulphate ; commercial 
quality. 
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Acidity of the mother liquor after separa- 
tion : 5*5-5‘6 per cent by vol. 

The product is clearly soluble in caustic 
soda solution. 

The diazoamidol acid contains 1 mol. of 
water of crystallization. 

APPENDIX 25 
Nitro-ethylimide Base 

Principal Use — After reduction to 
aminoethylimide base for Sirius Light Blue 
FFRL. 

Equipment — (1) boiler, 1 cu. m., cast iron 
vessel with jacket of silica stones, stirrer and 
lid coated with VjA steel ; (2) 1 pressure 
suction filter, 1*5 sq. m., brick-lined, with 
receiver ; and (3) 1 stone suction filter with 
nozzle, 2*5 sq. m. 

Process — Introduce 200 kg. of ethylimide 
base ( N-ethyl carbazole ) at ordinary tem- 
perature into 180 kg. of chlorobenzene 
and dissolve by stirring for 1 hr. Tempera- 
ture 20''-25°C. 305 kg. of nitric acid 
( 35*5 per cent ) are run in within about 
5 hr. Temperature 2T-2%X.. ( cooled by 
water or brine). After-stir overnight at a 
temperature between 25°-30T. ( a sample 

should have a melting point of 127°-130®C.) 

( Test a ). Cool to lOX. and stir at 100°C. ; 
after 8-10 hr. filter on the pressure suc- 
tion filter and wash thrice, each time with 
10 kg. of chlorobenzene. Then bring the 
batch on the stone suction filter and 
wash there 2-3 times, each time with 
250 kg. of Leonil SB-solution of 1 per 
cent strength ( Test b ). Finally, wash until 
neutral with 50 kg. of water. Dry in the 
circulating air chamber at a temperature 
of 50°-60T. 

Process Control Tests: Test a — Filter the 
sample by suction, wash it for a short while 
with chlorobenzene and then wash thrice 
until neutral with Leonil water of 2 per cent 
strength and finally with water. Dry on 
clay tile, 129°-130®C. 

Test h — Distil 100 gm. of the material on 
the filter with steam in order to test whether 
the chlorobenzene has been completely wash- 
ed out with Leonil and water. 

Raw Materials, Intermediates & Finished 
Product Specifications — Ethylimide base 
( N-ethyl carbazole ) : point of solidifica- 
tion, 64-5°-65°C., clearly soluble in chloro- 
benzene. The nitro-ethylimide base is beauti- 
ful yellow crystals., m.p., 129®-129X. 

The product must be completely neutral to 
Congo paper. 
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APPENDIX 26 

Carbazanil 

Principal Use — Starting material for 
carboxazine, for Sirius Supra Blue F3RL. 

equipment — (1) Brick-lined stirring vessel, 
80p 1., with steam jacket and leaded reflux 
condenser ; and (2) filter press, 800 x800 mm. 

Process — 8*5 kg. of chloranil are intro- 
duced into a suspension of 125 kg. of spirit 
of 50 per cent by volume, 12 kg. of amino- 
carbazole and 6 kg. of anhydrous sodium 
acetate within \ hr. at room temperature. 
The mixture is heated to boiling and kept 
at boiling temperature for 6 hr. while stir- 
ring and refluxing. After cooling down to 
25°-30°C., the product is filtered off and 
washed with 25 kg. of spirit of 25 per cent 
by volume. Then it is freed from ash by 
washing at first for 2 hr. with hot water and 
finally for 1 hr. with cold water. The 
pressed cake is blown with nitrogen until dry 
and dried in the vacuum drying closet at 
65®-70°C. The spirit solutions are regenerated. 

APPENDIX 27 

“ Tetra Acid ” 

Principal Use — Starting product for pro- 
ducing Indanthren Printing Brown B and 
.5R and Indanthren Scarlet GG. 

Equipment — Brick-lined ( 2 layers ) iron 
vessel, 16 cu. m. with wooden stirrer and lead- 
ed cover ; open, brick-lined suction filter 
with stone filter, 4 sq. m, ; cemented iron 
vessel, 5 cu. m., with stirrer ; clarifying filter ; 
iron vessel, 6 cu. m. ( clarifying receiver ) ; 
2 iron filter presses, 800 x 800 mm. each ; 
rubber-lined iron vessel, 16 cu, m., with 
stirrer. 

Process — In the brick-lined vessel contain- 
ing a moist paste of “ diketimide ” ( 250 
kg. of dry product ), is added a mixture of 2 
cu. m. of water and 2,217 kg. of concentrat- 
ed hydrochloric acid. The mixture is heated 
to 40°C. by blowing in steam, and 145 kg. of 
sodium chlorate are carried in within 2 hr. 
The temperature rises to 60°C. After stir- 
ring for 8 hr., the mixture is made up to 10 cu. 
m. by addition of cold water ; the product is 
sucked off on the suction filter and washed 
to neutral reaction. 

In the cemented iron vessel with stirrer, 
2,} 30 1. of water, 385 kg. of caustic soda 
solution ( 22 per cent ) and 650 kg. of sodium 
hypochlorite liquor are heated to 40°C. and 
one-third of the suction filter material is 
carried in. The temperature rises to 50°C. 


and is maintained for 2 hr. The mixture is 
neutralized by addition of 50 kg. of bisul- 
phite solution, clarified through a clarifying 
filter into the iron vessel (6 cu. m.) and wash- 
ed with 4 cu. m. of hot water. This water is 
again used for the following batch. 

The clarified liquor is carried back into the 
oxidation vessel, 60 kg. of caustic soda solu- 
tion ( 22 per cent ) and 575 kg. of sodium 
hypochlorite are added and the mixture 
is oxidized at 30°-40°C. by introducing 
about 120 kg. of potassium permanganate, 
added shovel by shovel. The temperature 
rises to 70°C. After 20 min., the excess of 
potassium permanganate is desv jyed by 
addition of 50 kg. of bisulphite and the 
manganese mud is filtered in 2 filter presses. 
The filtrate runs into the rubber-lined vessel. 
The manganese mud is washed hoi, pasted 
again, filtered and washed until tetra acid 
can no longer be detected in the filtrate. In 
the filtrate the tetra acid is precipitated by 
addition of 1 ,000 kg. of crude hydrochloric 
acid, sucked off on a suction filter and wash- 
ed with 800 1. of Water and 20 1. of hydro- 
chloric acid ( 1 per cent ). The tetra acid 
is dried at 80^-90T. 

Process Control Tests (a) After the reaction 
with sodium chlorate, a sample is sucked off, 
washed first with cold water to neutral re- 
action and then with hot water. In this 
filtrate no “ diketimide ’’ must be precipita- 
ted by addition of salt. The fluorescence 
effected by exposing to the rays of a quartz- 
lamp must only be weak-bluish, compared 
with the test substance. When “ diketi- 
mide ” is present, 10-20 kg. of sodium chlorate 
and 300-500 kg. of hydrochloric acid are 
added. 

(b) After the oxidation by potassium per- 
manganate, a sample spread on filter paper 
must have a green bleeding which should not 
disappear after stirring for 20 min. In an 
acidified sample of the filtrate the tetra acid 
has to precipitate in well- formed crystals. 

(c) After the precipitation of the tetra acid, 
the filtrate must still turn Congo paper blue. 

(d) When further acid is added to a 
sample of the filtrate, no tetra acid must be 
precipitated. 

(e) When a sample of the manganese mud 
is extracted with hot dilute caustic soda 
solution, the acidified extract must not show 
any precipitation. 

Raw Materials y Intermediates (5* Finished 
Product Specifications — The finished product 
is condensed with orthamine and glacial 
acetic acid to Indanthren Scarlet GG and 
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the latter is tested as to its dyeing pro- and dried at 60°-70°C. The remaining two- 
perties. The yield should amount to 136 thirds of the tetrachloride is treated in the 


per cent of the used tetra acid. Tetra 
acid should be tested for organically bound 
chlorine, iron and ash content. 

APPENDIX 29 

Pyrenit S 

Principal Uses — Starting material for 
Pyram, intermediate for Siriuslichtblau 
F^L. 

Equipment — Clay pot with VgA steel 
high-speed stirrer, 700 1. ; brick-lined suction 
filter ; brick-lined receiver with connection 
to the vacuum piping ; and swinging mill. 

Process — In the clay pot, 100 kg. of 
pyrene ( ground on the Colloplex mill and 
afterwards on the swinging mill ) is stirred 
405 kg. of nitric acid of 22 per cent strength 
for 8 hr. at 40°-45°C. ( test ), then sucked off, 
washed until neutral and dried. The mother 
liquor is stored and used again. 

Process Control Test — The m,p. must be 
148°-150X. 

Paw Materials, Intermediates & Finished 
Product Specifications — 

Pyrene, free from iron. 

Finished product : yellow-brown powder, 
m.p., 148°-150X. 

APPENDIX 30 
Pyren-chlorid 

Principal Use — Starting material for 
pyrenequinone. 

Equipment — Enamelled cast-iron stirring 
vessel, 2cu. m., in a diphenyl bath, with coil 
for steam of 15 atm. (reaction vessel); 
brick-lined iron suction filter, 2’5 sq. m., with 
brick-lined receiver ; brick-lined iron stirring 
vessel, 4*5 cu. m., with iron cooler and iron 
separator, 6 cu. m. ; brick-lined iron suction 
filter, 3 sq. m. 

Process — In the reaction vessel, 1,350 kg. 
of trichlorbenzene are heated to 180°C. While 
stirring, one-third the tetrachlorpyrene 
tetrachloride ( corresponding to 180 kg. ) 
and 36 gm. of ferric chloride are introduced, 
at first in small portions, until splitting off 
of hydrochloric acid occurs. The reaction 
finished, the product is sucked off on the 
suction filter ^ 30°C. and washed with 400 
kg. of trichlorbenzene. The mother liquor 
is used for the 2 following batches. The 
material from the suction filter is freed from 
the solvent in the distiller, sucked off on the 
second suction filter, washed ufitil neutral 


same way. The yield of 3 batches amounts 
to 400 kg. The trichlorbenzene is recovered 
in a special equipment. The loss of solvent 
amounts to 20 per cent. 

Process Control Tests — Final point of the 
splitting off ; termination of the evolution 
of hydrogen chloride. 

Raw Materials, Intermediates & Finished 
Product Specifications — Hexachlor-pyrene 
is a yellow, crystalline product, m.p., 360°- 
375°C. The pure product melts at 382°C. 

APPENDIX 31 

Perchlorpyrene 

Principal Use — Starting material for 
hexachlor-pyrene . 

Equipment — Brick-lined, homogeneously 
leaded stirring vessel, 3 cu. m., with leaded 
heating candle ( reaction vessel ) ; brick- 
lined iron suction filter, 2*5 sq. m., with brick- 
lined receiver ; enamelled, cast-iron stirring 
vessel, 2 cu. m., in a diphenyl bath with coil 
for steam of 15 atm. ( pasting up vessel ). 

Process — Into the reaction vessel con- 
taining 1,800 kg. of tri chlorbenzene, 120 kg. 
of pyrene and 120 gm. of iodine, 500 kg. of 
chlorine are passjed in at 108°-110°C. within 
24 hr. After cooling to 90°C., a' further, 
quantity of 120 kg. of pyrene and 120 gm. 
of iodine are introduced and the chlorination 
is continued at 108°-110°C. (12-15 kg. of 
chlorine per hour ). In all, 480 kg. of pyrene 
are chlorinated, the chlorine stream finally 
amounting to 8 kg. per hour. The hydrogen 
chloride gases together with the excess of 
chlorine go through separators to the chimney. 
Duration of the chlorination : 6 days. The 
product is sucked off at 30°C. on the suction 
filter and washed with 400 kg. of trichlorben- 
zene from the reaction vessel. The material 
from the suction filter is stirred in the pasting- 
up vessel with 63 kg. of trichlorbenzene, suck- 
ed off on the same suction filter and washed 
with 200 kg. of trichlorbenzene and pro- 
cessed to hexachlor pyrene. 

The filtrates and washing liquors of trichlor- 
benzene are worked up in a special equip- 
ment. Yield : 540 kg. 

Process Control Tests — Final point of the 
chlorination : 50 c:c. of the suspension are 
filtered and the white residue on the filter 
is washed with carbon tetrachloride ; the 
product shall be completely soluble in 10 
times its quantity of chlorobenzene. Tetra- 
chlorpyrene is insoluble. In 10 times its 
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quantity of nitric acid ( sp. gr. 1*4), no 
change of colouration should occur. Traces 
of tetrachlorpjrene give a brown colouration 
with nitric acid. 

APPENDIX 32 

“ Pyranil ”, Crude 

Principal Uses — Starting material for 
" Leucopyranil ” ; intermediate product for 
Sirius Light Blue F3GL. 

Equipment — A 3 cu. m. enamelled boiler 
with steam jacket, stirrer ; spirit mother 
liquor vessel ; spirit regenerating apparatus ; 
and a ” Monstre ” press, 1,200x1,200 mm. 

Process — In the 3 cu. m. reaction vessel, 
145 kg. of ” Pyram ”, 102 kg. of chlorophenol. 
104 kg. of chloranil and 1 16 kg. of anhydrous 
sodium acetate are condensed in 1,200 kg. of 
spirit ( 95 per cent ) at first at 0°C. ( cooling 
with. 200 kg. of solid carbonic acid ), then at 
20°-25T.. for 12 hr. Then filtered in the 
“Monstre” press. Finally, the filtered product 
is washed with water until neutral and free 
from spirit. The moist product is dried at 
90®-100X. in a vacuum drying closet. The 
spirit mother liquor and the washing waters 
are collected and distilled. 

Raw Materials, Intermediates & Finished 
Product Specifications — 

(1) Aminopyrene Pyram ” ) : m.p., 

114®-116®C. 

(2) Chloranil : not below 99 per cent. 

(3) o-Chlorophenol : about 90-97 per cent 
of o-chlorophenol. 

(4) Sodium acetate, anhydrous. 

(5) Spirit not below 90 per cent by weight. 

APPENDIX 33 

” Pyranil ” Pure 

Principal U ses — Starting material for 
” Pyroxazine ” ; intermediate product for 
Sirius Light Blue F3GL. 

Equipment — A 2 cu. m. enamelled ves- 
sel .with oil circulation heating ; 7*5 cu. m. 
expeller, cooler ; recovering equipment for 
nitrobenzene ; and a suction filter. 

Process — In the enamelled vessel, con- 
taining 1,390 kg. of nitrobenzene, 110 kg. 
of ” Leucopyranil ” are quickly introduced 
at 190®C. and after-stirred for 45 min. Then 
the reaction mixture is pressed into the 
expeller with 3,000 1. of water and the nitro- 
benzene is driven off by steam. This 
product is then sucked off on a suction 
filter and washed free from ashes by means 
of hot water. 


Process Control Tests — After the reac- 
tion the microscopic structure shall show 
fine, hair-shaped, brown crystals and no 
longer colourless crystals of ” Leucopyranil ”. 

Final Test — Dry weight and ash deter- 
mination. Reduction to the ” Leucopyra- 
nil ” according to prescription. The yield 
in per cent of the amount used gives the 
degree of purity for ” Pyranil ” pure. 

Raw Materials, Intermediates S' Finished 
Product Specifications — ” Leucopyranil ” 
must be absolutely dry. 

Finished product : fine, haii-shaped, crys- 
tallized, brown product, m.p., 33L-332°C. 

APPENDIX 34 

Pyram 

Principal Use — Intermediate product 
for pyranil ( intermediate for Sirius Light 
Blue‘F3GL). 

Equipment — Iron stirring vessel with 
jacket, 4 cu. m., with reflux condenser, iron 
pressure filter with removable lid and cloth 
filter, 3 sq. m. 

Process — In the 4*5 cu. m. iron stirring 
vessel 320 kg. of Pyrenit S are dissolved 
in 820 kg. of spirit ( at least 94 per cent ) 
by refluxing for 2 hr. 260 kg. of hydro- 
sulphide ( with 96 kg. of H 2 S ) are dissolved 
in 130 1. of water in casks ; the .solution is 
siphoned off from the contaminations and 
runs into the Pyrenit solution within 3 hr. 
I3y the violent reaction the batch is kept 
boiling. After running in is finished, re- 
fluxing is continued for further 3 hr., then 
600 1. of water are filled in and the whole 
is cooled to 20°C. Pyram crystallizes within 
15 hr., is filtered off on the pressure filter, 
washed with 240 kg. of spirit ( 50 per cent ) 
and afterwards with about 1,000 1. of water 
until neutral, and dried at 60°-70®C. 

Raw Materials, Intermediates & Finished 
Product Specifications — Pyrenit : m.p.. 

144°-145X. ( pure product 147X. ). 

Finished product: m.p., 116°-117X. 

APPENDIX 35 

” Leucopyranil ” 

Principal Uses — Starting material for 
” Pyranil pure ” ; intermediate product for 
Sirius Light Blue F3GL. 

Equipment — A 2 cu. m. enamelled vessel, 
stirrer, circulation cooler ; pressure filter, 
leaded and brick-lined ; receiver, 4*5 cu. m., 
leaded ; and apparatus for the recovering 
of chlorobenzene. 
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Process — In the 2 cu, m. enamelled vessel 
1,320 kg. of cholorobenzene and 135 kg. of 
crude Pyranil '' are heated to boiling. 
Then 30 kg. of phenylhydrazine run in in the 
course of 1 hr. ( test ). The reaction mix- 
ture is cooled to 70®C., pressed on the 
suction filter and after-washed twice with 
180 kg. of SOX. hot chlorobenzene. The 
product is steamed on the suction filter 
until free from chlorobenzene ; after cooling, 
dried in the drying closet at 70°C. The 
chlorobenzene mother liquors are worked up 
in the chlorobcfnzene recovery apparatus. 

Process Control Tests — After the reac- 
tion a sample taken out of the vessel is 
filtered on a suction filtet at 70°C. in the 
laboratory. The product shall look light- 
grey to light-yellow. Microscopic struc- 
ture : colourless leaflets. In case brown 
needles of the crude Pyranil/' are still 
present, further phenylhydrazine must be 
added to the batch. 

Raw Materials, Intermediates & Finished 
Product Specifications — 

(1) Pyranil crude : test in the 
laboratory. 

(2) Phenylhydrazine, supplied freshly dis- 
tilled, b.p., 233X. 

(3) Finished product : weakly, yellowish 
to grey crystalline product. 

APPENDIX 41 

Indanthren Brilliant Orange GR & 
Indanthren Bordo RR 

Principal Uses — For printing and dyeing 
cotton and artificial fibre, Indanthren Bordo 
besides as mixed dyestuff. 

Equipment — Iron stirring vessel with 
hose, 4*5 cu. m., brick -lined heatable pressure 
filter with stirrer that may be lifted and 
lowered, stone filter bottom, 3 sq. m., iron 
stirring vessel with hose, 2 cu. m., rubber- 
lined stirring vessel, 4*5 cu. m., horizontal 
iron vessel, 3 cu. m., iron stirring vessel with 
jacket, 4 cu. m., with iron condenser and 
iron receiver, 6 cu. m., brick-lined stirring 
vessel, 7 cu. m., 2 wooden presses 1,200 X 
1,200 mm. 

Process — In the iron stirring vessel 400 
kg. of caustic potash powder are dissolved 
at 40°C. and 2,000 kg. of spirit and 200 kg, 
of Indanthren Scarlet GG base P are filled 
in at 75X. and are held for 1 hr., then cwled 
to 20°C. The separated potassium addition 
product of the Indanthren Brilliant Orange 
is filtered on the suction pressure filter. In 
the 2 cu. m. iron stirring vessel the suction 


material is added to 420 kg. of spirit ( 83 
per cent ) and 200 kg. of caustic potash lye, 
heated to 75X., cooled to 20°C. and again 
filtered on the pressure filter. Washed in 
3 portions with a washing spirit consisting 
of 480 kg. of spirit ( 95 per cent ), 75 kg. of 
water and 225 kg. of caustic potash lye, 
produced in the same iron stirring vessel 
of 2 cu. m. The suction material, Indanthren 
Brilliant Orange, is hydrolysed in 1-1 1 hr. 
in the rubber-lined 4*5 cu. m. stirring vessel 
in 3 cu. m. of warm water at 60X. and the 
obtained dyestuff is filtered hot into a 
wooden press and is washed neutral and 
filled into wooden barrels. The spirit fil- 
trates are collected in the horizontal 3 cu. m. 
iron vessel and pressed off to the 4 cu. m. 
iron stirring vessel, in which the spirit is 
distilled off and collected in the 6 cu. m. 
irorl spirit receiver. The residue, contain- 
ing the Indanthren Bordo, is slowly pressed 
off ( foaming ) into the 7 cu. m. brick-lined 
stirring vessel in which 1,000 1. of hydro- 
chloric acid crude and 1,000 1. of water of 
80°C. are added. The reaction should finally 
be slightly acid. After stirring for another 
1 hr., the dyestuff is filtered to the second 
wooden -press, 1,200x1,200 mm., washed 
neutral and filled into wooden barrels. 

Process Control Tests — (a) In the second 
suction material sm*all red points indicate 
unconverted scarlet, (b) After acidifying 
the Bordo residue the reaction finally has 
to be acid to Congo. 

Raw Materials, Intermediates S’ Finished 
Product Specifications — 

(a) If difficulties occur, the “ tetra acid ”, 
already used for Indanthren scarlet, must 
be examined in a laboratory batch. 

(b) The spirit is spindled. 

(c) The Indanthren Brilliant Orange GR 
is examined as double paste in printing, 
the Indanthren Bordo RR as suprafix paste 
also in printing compared with standards. 
The yields are fixed by the weight of 
the filter cakes and by dry determination. 
The yield of Brilliant Orange should be 59 
per cent. Indanthren Brilliant Orange GR 
double paste contains 10 per cent pure 
colour. Indanthren Bordo RR suprafix 
double paste contains 20 per cent pure colour. 

APPENDIX 42a 

Indanthren Brown GR 

Principal Use — Vat dyestuff for cotton. 

Equipment — An iron melting vessel of 
8 cu. m. provided with stirrer and high 
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pressure water heating ; an iron diluting 
vessel of 9 cu. m. ; and a “ Monstre ” press. 

Process — 1,800 kg. of caustic potash are 
introduced into the melting vessel heated 
to HO^-ISO^C. Then the trianthrimide is 
introduced into the vessel in the course 
of 4 hr. and heated to 190°-195°C. within 
4-5 hr. While maintaining this tempera- 
ture the whole is stirred for 8 hr. ( Sample 

1 to be taken ). After cooling down to 150*^- 
160X., water is slowly added until the vessel 
is filled completely. The contents are 
allowed to run into the vessel of 9 cu. m. 
which is then filled up witli water. The 
product is oxidized at 30°-40°C. by intro- 
ducing air while stirring ( Sample 2 to be 
taken ). Then the whole is filtered into 
the “ Monstre " press and washed with 
water until neutral. 

Process Control Tests : Sample 1 — After 
the melt is finished, a test portion should 
be capable of being vatted completely with- 
out leaving any residue. 

Sample 2 — Before filtering the melt, a 
test portion dropped on filter paper must 
show a bleeding coloured only weakly 
yellow. 

Final Sample — An examination is made 
by producing a dyeing and comparing with 
the type. 

Raw Materials, Intermediates S' Finished 
Product Specifications — Final product : 
brown paste, its vat being reddish brown. 

APPENDIX 43 

Indanthren TuRyuoisE Blue GK 

Principal Use — Dyestuff for dyeing 
cotton. 

Equipment — 1 enamelled batch vessel, 

2 cu. m., with jacket ; 1 brick-lined decom- 
posing vessel, 10 cu. m. ; 1 filter press, 
1,000x1,000 mm. 

Process — In the batch vessel, 750 kg. 
of chlorosulphonic acid are heated to 35X. 
Within 3-4 hr. 127 kg. of “ acridone acids 
are introduced through a sieve at a tem- 
perature of 35°-40°C. The mixture is then 
stirred for 2\ hr., and when everything is 
dissolved, the solution is then pressed into 
the decomposing vessel with 4 cu. m. of 
water and 2,000 kg. of ice. The tempera- 
ture must not exceed 25 °C. The mixture 
is stirred for. 2 hr., filtered in the filter press 
and washed until neutral with water at 
60°C. Yield: 114 kg. The colour of the 
solution in concentrated sulphuric acid is 
brownish yellow. The vat colour is brown ; 


by transmitted light, dull violet. The 
powder is of 76*8 per cent strength, the 
paste of 10 per cent strength. 

Process Control Tests — After introducing 
and stirring, a sample is tested as to com- 
plete solution by rubbing in the hands. 

APPENDIX 50 

Indanthren Printing Brown B Base 

Principal Use — Printing dyestuff for 
cotton. 

Equipment — 1 brick-lined autoclave, 3 
cu. m., heatable, with enamelled stirrer ; 

1 brick-lined, box-shaped suction fill r with 
stoneware filter, 2*5 sq. m. filtering area. 

Process — In the autoclave 124 kg. of 
naphthalenetetracarboxylic acid (tetra acid), 
170 kg. of ethoxy- l*2-phenylenediamine 
( ethoxyorthamine ) and 80 kg. of 30 per 
cent acetic acid are heated at 165°C. under 
6 atm. excess pressure for 16 hr. while stir- 
ring ( Test 1 ). Then the mixture is cooled 
to 30°C., sucked off, washed with water 
until neutral and dried in the drying closet 
at lOOX. For standardizing against com- 
mercial article the product dried and ground 
is first dissolved in sulphuric acid and 

reprecipitated. 

Process Control Tests : Test 1 — A sucked- 
off sample from the vessel is extracted with 
boiling dilute caustic soda solution and 
filtered. When the filtrate is acidified, 

flakes of tetra acid must no longer preci- 
pitate. 

Razo Materials, Intermediates S Finished 
Product Specifications — 

Tetra acid | ^ 

Lthoxyorthamme j 

Finished product : brown powder, dis- 

solves in cone, sulphuric acid to a red 
solution ; vat, wine-red. 

APPENDIX 51 

Indanthren Printing Brown 3R 

Principal Use — Dyestuff for printing 
cotton. 

Equipment — An iron vessel of 7 cu. m. 
provided with heating and cooling coil ; an 
enamel vessel of 2 cu. m. ; and a “Monstre” 
press. 

Process — 100 kg. of Indanthren Printing 
Brown 3R base well made into a wet paste 
are introduced into the vessel of 7 cu. m. 
containing 4,000 kg. of alcohol ( 20 per cent ) ; 
125 kg. of caustic soda solution ( 35 per 
cent) are added and the whole is heated 
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to TC’C, Then 60 kg. of hydrosulphite warm water. After heating has been stop- 

powder are introduced. The reduction is ped the temperature still mounts to S0®C. 

performed at 80®C. (Sample 1). After and is kept there. After about 3 hr. the 
cooling down to 25®-30°C., COg is introduced esterification is complete, 
until the leuco compound of the dyestuff The batch is pressed by nitrogen into 
is completely precipitated (Sample 2 to the distiller, which contains a solution of 
be taken ). This takes about 4 hr. The 270 kg. of soda in 3,500 1. of water. After 
whole is brought into the " Monstre press, addition of 0*5 kg. of rape seed oil ( or 
washed with cold water until neutral and other anti-frothing agent ) the pyridine is 
pressed. The filtrate and the first washing distilled off into an iron receiver at 30°-35°C. 
water are collected in order to recover the under vacuum ( duration 10-14 hr. ). 


alcohol. 

The leuco compound of the dyestuff is 
introduced into the vessel of 2 cu. m., mixed 
with 5 per cent of caustic soda ( calculated 
on dry dyestuff ) used in the form of a 
lye. The whole is heated to 50T. and air 
is blown in. The oxidation is finished after 
about 3 hr. The dyestuff may be adjusted 
to conform with the Suprafix paste. 

Process Control Tests: Sample 1 — The 
vat must be clear apart from some flakes. 

Sample 2 — A drop test on filter paper 
must not produce a halo that turns brown 
in air. The filtrate when mixed with 
bisulphite must not show any precipitate. 

Final Test — A sample of the oxidized 
dyestuff is sifted through a screen of 250 
mesh/sq. cm., then adjusted to a content of 
16 per cent of dyestuff and tested by 
printing. If the print is uneven, oxidation 
was not sufficient. If the fixation of the dye 
is insuflicient, iron chloride may be added. 

APPENDIX 61a 

Anthrasol Brown IRRD 

Principal Use — For printing and dye- 
ing textiles. 

Equipment — Iron stirring vessel with 
jacket, 2 cu. m. ( esterification vessel ) ; 
iron stirring vessel with jacket, 7*5 cu. m. 
(distiller), with iron condenser and iron 
receiver, wooden filter press 800 x 800 mm. ; 
iron stirring vessel with jacket, 7*5 cu. m. 

( salting out vessel ) ; open iron suction filter, 
3 sq. m., with cloth filter and iron receiver; 
and an iron stirring vessel with high-speed 
stirrer and lower outlet, 0*5 cu. m. 

Process — Into 750 kg. of pyridine II 
contained in the esterification vessel 175 kg. 
of chlorosulphonic acid is run in at 15°-20°C. 
within 3-4 hr. Then 100 kg. Indanthren 
Brown RRD ( 100 per cent ), dried and 
ground, are introduced and after stirring 
for a short time 60 kg. of electrolytic iron 
are added. The mixture is heated to an 
internal temperature of 40®C. by 60°C. 


After distillation is over, the product is 
filtered off in the 800 mm. wooden filter 
press at about 20°C. The filtrate runs into 
the sewer ; it must contain only traces of 
anthrasol. The crude ester in the same 
7*5 cu. m. distiller is pasted up with 5,500 1. 
of water, some soda and 10 kg. of kiesel- 
guhr, heated to 90°C. and filtered into the 
7*5 cu. m. iron salting-out vessel through 
a wooden filter press, pre-heated by steam. 
The filter product is washed with hot water, 
until anthrasol can no longer be detected 
in the filtrate. The wash water at first 
runs to the mother liquor and then into 
the distiller, where it is used for the next 
batch. The filtrate is cooled to about 
30X. while stirring weakly, salted out 
with 6 per cent of salt and cooled to 20°C. 
The ester salted out is sucked off on the 
open iron suction filter (duration 15-20 hr. ). 
The filtrate runs into an iron receiver. 
The suction filter product is made into a 
paste with 6 kg. of 33 per cent caustic soda 
solution in the 0*5 cu. m. iron stirring vessel 
and dried at 55°-60°C., at first under normal 
pressure and then in the vacuum. The 
manufactured article is obtained with a 
net content of about 55 per cent. The 
dry material is ground in a cross-beater 
mill and standardized against type ( about 
50 per cent of pure dyestuff ) with sodium- 
dimethyl-aniline-sulphonate and sodium 
sulphate. 

In order to dry the pyridine, its aqueous 
solutions are azeotropically distilled in a 
special equipment after addition of ben- 
zene and . then redistilled. The loss 
amounts to 8-10 per cent. 

Process Control Tests — (a) After esteri- 
fication is finished, a sample from the esteri- 
fication vessel is added to a soda solution, 
sucked off at 50®-60X. and washed with 
warm water. The filter residue is tested 
for absence of vat dyestuff by vatting. 

(b) Before the distillation is started, a 
test as to alkaline reaction to phenolphtha- 
lein must be made. 
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(c) The distillate is tested for anthrasol 
with acid and sodium nitrite. 

(d) Distillation is finished as soon as 
the pyridine content of the distillate is < :1 
per cent. 

(e) Before clarifying, a test as to complete 
dissolution of anthrasol is necessary. If 
required, water has to be added. 

(f) The residue on the paste is tested for 
anthrasol by extracting with hot water 
and to vat dyestuff by vatting. 

(g) A sample of the anthrasol salted out 
is sucked off and the filtrate is tested for 
anthrasol with nitrite and acid. 

Ra^^' Materials, Intermediates & Finished 
Product Specifications — Vat dyestuff, pyri- 
dine and iron have to be tested in the 
laboratory by esterifying a sample. 

In the finished product the dyestuff con- 
tent is determined by gravimetric analyses 
with iron chloride and acid. The yield is 
indicated as pure dyestuff of 100 per cent. 

A sample is standardized against Anthra- 
sol Brown IRRD Powder with 10 per cent 
of sodium dimethyl-aniline-sulphonate and 
sodium sulphate and compared with the 
type by textile printing. Anthrasol Brown 
IRRD Powder contains 50 per cent of pure 
dyestuff. For testing the fastness to stor- 
ing, a .sample is maintained at 55T. for 
3 weeks ; after this time no decomposition 
must appear. 

APPENDIX 61 b 

Anthrasol Brilliant Pink 13B 

Principal Use — h'or printing and dye- 
ing textiles. 

Equipment — Iron stirring vessel with 
jacket, 2 cu. m. ( esterification vessel ) ; 
iron stirring vessel with jacket, 7*5 cu. m. 

( distilling vessel ), with iron cooler and 
iron receiver ; wooden filter press 800 x 800 
mm. ; iron stirring vessel with jacket, 7*5 
cu. m. ( salting-out vessel ) ; open iron 
suction filter, 3 sq. m., with cloth filter and 
iron receiver ; and an iron stirring vessel 
with high-speed .stirrer and lower outlet, 
0*5 cu. m. ( conche ). 

Process — In the esterification vessel, 
180 kg. of chlorosulphonic acid are run into 
1,000 kg. of pyridine II within about 3 hr. 
at 15°-20°C. Then 100 kg. of Indanthren 
Brilliant Pink 3B of 100 per cent strength, 
dried and ground, are introduced and, 
after stirring for a short time, 80 kg. of 
electrolytic iron are added. The mixture 
is heated with water of 60°C. to an inner 


temperature of 40°C. After the heating 
is finished, the temperature rises to 48°- 
50°C. and is kept at that level. After 2-3 hr. 
the esterification is finished. The batch 
is pressed with nitrogen into the distilling 
vessel containing a solution of 280 kg. of 
soda in 4,000 1. of water. After addition of 
0*5 kg. of rape oil ( or any other anti-frothing 
agent ), the pyridine is vacuum distilled into 
an iron receiver at 30°-35T. in 12-14 hr. 

As soon as the distillation is finished, the 
contents of the vessel are filled up to 4,000 1., 
and after addition of 10 kg. of clarifying 
carbon, filtered at 80T. through a wooden 
filter press pre-heated by steam i to the 
iron salting-out vessel of 7*5 cu. m. The 
pressed product is rinsed with water of 
60"’C. and washed with warm watei until 
anthrasol is no more detected in the nitrate. 
At first, the washing water runs to the 
mother liquor, then into the distilling 
vessel, where it is used for the next batch. 
Gradually, the filtrate is salted out with 
10 per cent salt, cooled down while being 
stirred slowly and sucked off on the open 
iron suction filter. The filtrate runs into 
an iron receiver. 

The product with 12 kg. of caustic soda 
.solution ( 33 per cent ) are converted into 
a paste in the iron stirring vessel of 0*5 
cu. m. ; then they are dried at 50°-60°C., at 
first under normal pressure, then in the 
vacuum. The product is 55 per cent pure. 
The dried product is ground on a gross 
beater mill and standardized against fype 
( 30 per cent of pure dyestuft ) with Glau- 
ber’s salt and 6-8 per cent of sodium 
dimethyl-anilinesulphonate. 

In a special equipment, for drying, tiie 
pyridine, after addition of benzene, is 
azeotropically distilled from its aqueous 
solutions and redistilled. The loss amounts 
to 8-10 per cent. 

Process Control Tests — (a) After finishing 
esterification, a sample from the esteri- 
fication vessel is mixed with soda water, 
filtered at 60°C. and washed with warm 
water. The residue on the filter is tested 
by vatting as to absence of vat dyestuff. 

(b) Before beginning of thvi distillation, 
a test is to be made as to phenolphthalein- 
alkaline reaction. 

(c) The distillate is tested with acid and 
sodium nitrite as to a probable anthrasol 
content. 

(d) The distillation is finished as soon as 
the pyridine content of the distillate is 
less than 1 per cent. 
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(e) l^fore clearing the ester solution, it 
fidust be ascertained whether the anthrasol 
IS completely dissolved. If necessary, 

water has to be added. 

(f) The jessed product is tested by ex- 
traction with hot water as to anthrasol, 
and by Vatting as to vat dyestuff. 

(g) A sample of the salted-out anthrasol 
is sucked off and the filtrate is tested with 
nitrite and acid for anthrasol. 

jRaw Materials, Intermediates & Finished 
Product Specifications — Vat dyestuff, pyri- 
dine and iron are to be tested by a test 
esterification in the laboratory. 

In the finished product, the content of 
dyestuff is gravimetrically determined by 
analysis with iron chloride and acid. The 
yield is indicated as pure dyestuff of 100 
per cent strength. A sample is standard- 
ized with Glauber's salt and 6-8 per cent 
of sodium dimethylaniline sulphonate to 
Anthrasol Brilliant Pink I3B powder and 
compared with the type by textile printing. 
Anthrasol Brilliant Pink I3B powder con- 
tains 30 per cent of the pure dyestuff. 
For testing the resistance to storing, a sample 
is kept for 3 weeks at 55®C. After that 
time it must not show any decomposition. 

APPENDIX 61c 

Anthrasol Red IFBB 

Principal Use — For printing and dye- 
ing cotton and artificial fibres. 

Equipment — Iron vessel, 2 cu. m., with 
stirring device and jacket ( esterification 
vessel ) ; leaded iron vessel, 7 cu. m., with 
stirring device ( acid separator ) ; wooden 
suction filter with filter cloth, 3 sq. m. ; 
iron vessel, 7-5 cu. m., with stirring device 
and jacket ( distiller ), with iron cooler 
and iron receiver ; 2 wooden filter presses, 
800x800 mm. iron vessel, 7*5 cu. m., with 
stirring device and jacket ( vessel for salt- 
ing out ) ; and an iron vessel, 0*5 cu. m., 
with high-speed stirrer and lower outlet. 
Process — In the esterification vessel 168 
kg. of chlorosulphonic acid are run into 
1,000 kg. of pyridine at 15°-20°C. within 
3-4 hr. Then, 95 kg. of Indanthren Red 
FBB 100 per cent, dried and ground, and 
100 kg. of bronze copper grindings are added 
at 23°-25®C. The temperature rises to 
40®-43®C. ; the esterification is mostly 
finished after half an hour. The batch 
is pressed by nitrogen into the acid 
separator which contains 4;000 1, of water 
of lOX. After stirring for half an hour, 


the pyridine salt of the ester becomes solid 
and granular ; it is sucked off in the suction 
filter and washed with some water from 
the vessel. 

In the distilling vessel the pyridine salt 
of the ester is introduced into 4,000 1. of 
water and 120 kg. of caustic soda solution 
{ JJ per cent ) and after addition of 0*5 kg. 
of rape seed oil ( or other anti-frothing 
agent), the pyridine is distilled under 
reduced pressure at 30'’-35°C. into an iron 
receiver. When the distillation is finished, 
the vessel is filled up to 3,600-4,000 1. 
and filtered through a steam pre-heated 
wooden filter press into the vessel for 
salting out. The mass remaining on the 
filter is rinsed with water of 50X. and 
washed until anthrasol is no longer detectable 
in the filtrate. The filtrate is salted out 
at 45X. by addition of 10-12 per cent of 
salt ( about 450 kg. ) and cooled to 20X. 
while stirring from time to time. The ester 
is filtered off in a wooden filter press and 
washed with about 1,000 1. of common salt 
solution. 

The pressed product is pasted with 4 kg. 
of caustic soda solution ( 33 per cent ), 32 kg. 
of molasses, 8 kg. of urea and 8 kg. of 
dimethylsulphanil salt in the vessel with 
high-speed stirrer and dried at 50°-60°C., 
at first under normal pressure and then 
under reduced pressure. The manufactured 
product has about 35 per cent purity and 
is adjusted to type with Glauber's salt 
after grinding in a cross beater. 

The pyridine is azeotropically distilled. 
The loss amounts to 8-10 per cent. 

Process Control Tests — (a) When the 
esterification is finished, a test portion 
taken sifrom the esterification vessel is added 
to water and washed. The pyridine salt 
is dissolved in dilute caustic soda solution. 

On filtering only copper sludge, which is not 
coloured red by vat dyestuff, should remain. 

(b) Before the beginning of the distilla- 
tion a test as to reaction alkaline to phenol- 
phthalein has to be carried out. 

(c) The distillate is tested as to the absence 
of anthrasol by nitrite and acid. 

(d) The distillation is finished when the 
pyridine content of the distillate is less 
than 1 per cent. 

(e) Before clarifying, a sample is tested 
as to whether the anthrasol has been com- 
pletely dissolved. If necessary, water has 
to be added. 

(f) The residue remaining on the filter 
press is tested for anthrasol by extracting 
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with hot water and as to vat dyestuff by 
reducing. 

Raw Materials, Intermediates & Finished 
Product Specifications — Vat dyestuff, pyri- 
dine and copper grinding has to be tested 
by test esterification in the laboratory. 

The dyestuff content of the finished 
product is gravimetrically determined by 
means of iron chloride and acid. A sample 
is adjusted to Anthrasol Red IFBB powder 
by addition of Glauber^s salt and compared 
with the type by textile printing. Anthra- 
sol Red IFBB powder contains 30 per cent 
of pure dyestuff. 

APPENDIX 62 

Tetranitro Carbazole 

Principal Use — Standardizing of Niro- 
san ( plant protective agent ). 

Equipment — 

(a) Sulphonation — Supply vessel for sul- 
phuric acid, 12 cu. m. Sulphonation vessel. 
5 cu. m., with stirrer and heating. 

(b) Nitration — 2 nitration vessels, 9 cu. m., 
with stirrer, 2 reservoirs, 20 cu. m.; 2 mea- 
suring vessels, 3 cu. m. 

(c) Effusion & Insulation — 5 effusion ves- 
sels, 12-20 cu. m., lined with Igclit and bricks, 
with stirrer and cooling coil ; 2 admission 
vessels, 7*5 cu. m.; 2 filter presses 1 ,200 X 1 ,200 
mm., 32 frames ; 3 pasting vessels, 12 cu. m., 
with stirrer ; 1 intermediate vessel, 7*5 
cu. m., with stirrer ; 1 vessel for dissolving 
sodium carbonate, 5 cu. m., with stirrer ; 1 
container for hot water, 5 cu. m. ; 2 centri- 
fugal pumps ; 1 ventilator made of Igelit ; 
1 clay tower ; 2 stoneware suction filters ; 
and 2 electrical vacuum pumps, 15 kW. 

(d) Drying — 3 cylinder drying machines, 
heating surface, 23 .sq. m. 

(e) Standardizing — 4 Perplex mills with 

mixing drum ; 1 Excelsior mill with 

mixing drum ; and 1 ventilator. 

Process — Carbazole is dissolved in sul- 
phuric acid, 95*5 per cent ( formation of di- 
sulphonic acid and trisulphonic acid ). Then 
it is mixed with nitrating acid containing 
15 per cent of nitric acid and 85 per cent 
of oleum ( 20 per cent ) and heated. The 
product is poured into water, filtered and 
washed. After conversion into a paste 
with water, the product is dried on a 
cylinder drying apparatus. The dried mate- 
rial is ground and mixed with bleaching clay. 

Process Control Tests — Control of the 
strength of the sulphuric acid and of the 
nitrating acid. 


Determination of the dry content of the 
tetranitrocarbazole and its nitrogen and 
sulphur contents. Determination of the 
sedimentation of a Nirosan suspension 
after 10 and 30 min. 

Raio Materials, Intermediates S' Finished 
Product Specifications — Carbazole is con- 
trolled by determination of its degree of 
purity. The efficiency of the finished 
products, tetranitrocarbazole and Nirosan, 
against pests is controlled in the plant 
protectives laboratory. 

APPENDIX 63 

Carbazole Estimation ( “ Imido 1 vSe ’ ) 

Principle of the Method — The carbazole 
is separated as N-nitrosocarbazole. It is 
then decomposed by boiling with ferrous 
sulphate solution and the nitric oxide pro- 
duced is measured. Phenanthrene, anthra- 
cene and acridine do not interfere with the 
estimation. 

For the quantitative estimation of carba- 
zole, the determination of the m.p., solubility 
and chlorobenzene-insoluble substances are 
carried out. Besides, the anthracene content 
is also determined. 

Details of Analysis — About 0*6 gm. [a) 
of the substance is dissolved by heating in 
a 300 c.c. Erlenmeyor flask with 40 c.c. 
glacial acetic acid using a reflux condenser. 
The solution is allowed to cool to 80°-90°C. 
and 30 c.c. of O SN sodium nitrite solution 
is added, the mixture is shaken and imme- 
diately placed in ice water. After frequent 
shaking and then letting it stand for 15 min., 
150 c.c. of ice-cold water are added, and 
the mixture is allowed to remain in ice-cold 
water for a further 30 min. The separated 
nitroso-compound is carefully filtered on a 
filter funnel with paper filter. Any residue 
in the flask is brought on the filter paper 
with the help of the filtrates and washed 
5 times with about 20 c.c. ice-cold water 
each time ( test for nitric oxide ). 

The precipitate is again taken up in the 
flask with the help of 75 c.c. of pure glacial 
acetic acid and the flask is closed with a 
3-holed rubber stopper carrying : (1) a tube 
provided with a glass stopper for passing 
carbon dioxide, the tube reaching the bottom 
of the flask ; (2) a conducting bout tubing 
connected to an azotometer of 100 c.c. ; 
and (3) a 50 c.c. dropping funnel. A 
strong current of carbon dioxide is passed 
through the flask till all the air is displaced 
which is established by allowing the gas 
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to collect over pure 30 per cent caustic 
potash solution in an azotometer and 
observing whether it is wholly absorbed. 

The glass stopper of the tube is now 
closed and 25 c.c. of iron sulphate solution 
is added through the dropping funnel 
( 200 gm. of FeS 04 . 7 H 20 plus 400 c.c. water 
plus 100 c.c. sulphuric acid ), well shaken, 
and heated over a flame. In the end it is 
heated to boiling till the gas stream is 
completely absorbed. Now, for a short 
time, a moderate stream of carbon dioxide 
is passed through the flask which is again 
heated to boiling till all the gas stream is 
absorbed. The gas is allowed to remain 
over 30 per cent potassium hydroxide 
solution for 30 min., and its volume is 
measured. Simultaneously the temperature 
and pressure are determined. If h c.c. of 
nitric oxide, corrected to N.T.P., are 
obtained, the sample contains 0*746 hja 
plus 1 *4 per cent carbazole, 1 *4 being the 
solubility correction. 

Note — If, instead of a commercial car- 
bazole, a crude anthracene sample whose 
carbazole content is less than 30 per cent 
is taken for analysis, double the amount 
is weighed. 

The solubility correction amounts to less 
than 1*4 per cent in the case of 15 per cent 
content and to 0*8 per cent in the case of 
5-15 per cent content, and is very much 
lower in the case of 5 per cent content. 

Qualitative Tests — (1) Determination of 
m.p. ; (2) solubility determination. 

7*5 gm. of 100 per cent according to 
analysis are dissolved by short heating in a 
150 c.c. Erlenmeyer flask containing 100 c.c. 
of chlorobenzene. It is allowed to cool 
and remain overnight in a thermostat at 
20°C. The precipitate is filtered in a 
weighed Gooch crucible, and the precipitate 
sticking to the walls of the flask is brought 
on the filter with the help of the filtrate, 
the precipitate is pressed well, washed with 
25 c.c. benzene, dried and weighed. If 
the weight is c gm. 

r , ,100 

£_( 7.5__^ ) X — “Solubility 

L for pure carbazole— 8*8. 

(3) Estimation of chlorobenzene insolu- 
bles : 2 gm. of the dried sample is dissolved 
by short heating in a 300 c.c. Erlenmeyer 
flask containing 100 c.c. of chlorobenzene, 
and provided with an air condenser. 
The hot solution is filtered* in a weighed 
Gooch crucible, washed with pure 50 c.c. of 


chlorobenzene at 70°-80®C. dried and 
weighed. If the weight is d gm. 

X 50 = per cent chlorobenzene 

insoluble matter. 

Estimation of Anthracene in Carbazole — 
(a) Gravimetric Estimation — The gravi- 
metric estimation of anthracene in carbazole 
is carried out with difficulty according to 
the method of Luck with the modification 
that the quantity of chromic acid solution 
is doubled. 

(b) Anthracene Estimation in Ultra-violet 
Light : Principle of the Method — Anthracene 
in carbazole can be estimated with the 
help of an ultra-violet lamp based upon 
the strength of fluorescence by comparison 
with carbazole solution of known anthracene 
content. The fluorescence can be considerably 
intensified if the fluorescence due to carbazole 
is removed, i.e. if the carbazole is converted 
into a non-fluorescent derivative, while at 
the same time the fluorescence of anthra- 
cene is retained. This is easily accom- 
plished by the conversion of carbazole 
into its nitro-derivative. This does not 
fluoresce and any disturbance due to the 
yellow colour of the nitroso-carbazole can 
be easily overcome by dilution. 

Details of the Determination — 0*10 gm. 
of the carbazole under investigation is 
dissolved in 100 c.c. of glacial acetic acid 
in a 300 c.c. Erlenmeyer flask provided 
with a glass stopper, and slowly heated. 
The solution is allowed to cool, 1 c.c. of 
normal nitrite solution is added, the flask 
is closed, and allowed to stay for 10 min. 
and occasionally shaken. From this solu- 
tion 5 c.c. are taken and diluted with 95 c.c. 
of glacial acetic acid, and its fluorescence 
is compared under an ultra-violet lamp 
with that of a solution of known concentra- 
tion and known anthracene content. 

APPENDIX 64 

Difluordichlormethane 

Principal Use — Refrigerating agent. 

Equipment — (1) 4 autoclaves, cast-steel 
lined with sheet iron, working pressure 
50 atm. over normal ; 2 of them with 
contents of 2,700 1. { 1 of them in use, 1 in 
reserve ) ; 1 of them with content of 250 1., 
and the other of 100 1. ; (2) 2 Igelit 
washing towers filled up with Raschig belts 
of graphite ; (3) 2 iron washing towers; 

(4) 1 iron gas container, contents of 6 cu. m. ; 

(5) 1 compressor ( capacity per hr. 40 cu. m., 
maximal pressure 20 atm. excess pressure ) ; 
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(6) 1 iron supply vessel for crude Frigen, 
content of 2 cu. m., working pressure of 
13 atm. over normal ; (7) 1 iron supply 
vessel for concentrated hydrofluoric acid, 
contents of 20 cu. m., working pressure of 
3*5 atm. over normal ; (8) 1 iron weighing 
vessel for concentrated hydrofluoric acid, 
contents of i) S cu. m., working pressure 
of 3 5 atm. over normal ; (9) 1 iron supply 
vessel for carbon tetrachloride, contents of 
20 cu. m. ; (10) 1 iron supply vessel for sul- 
phuric acid, contents of 10 cu. m. ; (11) 1 iron 
supply vessel for caustic soda solution, con- 
tents of 10 cu. m. ; (12) 1 iron distilling 
vessel for Frigen, contents of 2 cu. m., 
working pressure of 2 atm. over normal 
while working with column ; (13) 1 iron 
receiver for first running ; (14) 3 iron receiv- 
ers for pure Frigen, contents of 5*5 cu. m. 
each, working pressure of 13 atm. over 
normal ; (15) iron vessel for crude F,,, 
contents of 0 9 cu. m., working pressure 
of 3*2 atm. excess pressure ; (16) iron vessel 
for pure F^, contents of 0 9 cu. m., work- 
ing pressure of 3*2 atm. over normal ; 
(17) iron distilling vessel for F'^, contents 
of 0 8 cu. m., working pressure of 3*2 atm. 
over normal while working with column. 

Process -- The autoclave (1) is charged 
with 400 kg. of antimony trichloride, 
rhen, out of a measuring vessel, 1,540 kg. 
of carbon tetrachloride, in which about 
20 kg. of chlorine are dissolved, are run 
in (1). Finally 500 kg. of hydrofluoric 
acid ( 98-99 per cent ) are weighed in (8) 
and pressed into (1) by compressed air. 
The gas is allowed to blow off the 
autoclave which is heated with low 
pressure steam at about 30 atm. ('ontrol 
through a baffle plate with a differential 
manometer. I^dnally the autoclave is 
entirely released and cooled down. In (2) 
the released gas is set free from the main 
bulk and, in a washing tower (3), sprayed 
with caustic soda solution from the last 
traces of hydrochloric and hydrofluoric 
acid. The gas collects in (4), is dried in 
a washing tower (3), which is sprayed with 
concentrated sulphuric acid, and liquefied 
to crude Frigen through (5) with a brine, 
condenser fixed behind. During this pro- 
cess Frigen and inert gases, containing 
eventually F^j, are allowed to blow off 
through a release valve. 

The cooled-down autoclave is filled up 
once more. The catalys?r, i.e. antimony 
chloride, remains in the autoclave until 
exhaustion. 


The crude PTigen yield of one operation 
(about 1,200 1.) and the first runnings of 
a previous distillation ( about 200 1. ) are 
drawn off into the distilling vessel (12) ; 
here they are fractionated in the column 
with little steam ( steam jacket ), while 
beginning with depriving of air up to the 
constancy in pressure and, after having 
taken off first runnings ( about 200 1. ), 
the pure Frigen is collected in one of the 
receivers (14). The residue in (12), 70-90 1., 
is, after the release, still crude F^j con- 
taminated with P^rigen and higher-boiling 
constituents, and is pressed to (15). This 
crude P^u either goes back to tl manu- 
facturing process instead of carbon tetra- 
chloride or is fractionated in (17), where 
pure F|j is collected in (16). The develop- 
ment of an additional apparatus for the 
technical manufacture of P'^g is still in its 
beginnings. .According to the above-men- 
tioned method the by-product P'jy results 
only in a small quantity, so that its manu- 
facture is not paying. 

Yield of pure P'rigen == 1 ,090 kg. 

Process ('ontrol Tests : Examination of 
Erigen - 

(a) Determination of Water — 300 1. P'rigen 
gas, measured with a gas meter, are con- 
ducted through 3 weight tubes filled with 
phosphorus pentoxide. The increase in 
weight gives the content of water. The 
j)ercentage of water in the P'rigen 

increase of weight 
750 

(b) Constituents Insoluble in “ Bayoloil ” — 
100 c.c. P'rigen gas are taken off with a 
Hempel mercury burette. This burette is 
connected with a Hempel absorption pipette 
filled with “ Bayoloil in which the gas 
is shaken up to the constancy of volume of 
insoluble gas determinated in the burette. 

(c) Boiling Interval & Higher -hoi ling Con- 
taminations — A little more than 100 c.c. 
liquid P'rigen are put into a Dewar vessel 
with graduations, the Frigen is evaporated 
in the presence of several carborundum 
crystals and the boiling temperature is 
determinated from 5 to 5 c.c. 

(d) By adding 5 c.c. of Frigen to a solu- 
tion of silver nitrate in 5 c.c. of absolute 
alcohol, the solution should not be rendered 
turbid. 

Raw Material, Intermediates & Finished 
Product Specifications — (a) The first 
boiling point of Frigen near 760 Torr must 
not be higher than -29°C. The boiling 



188 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 5 


interval between the first boiling point 
and the point when only 15 per cent of 
the sample are left, must not exceed O SX. 
Frigen must not contain more than 0 0025 
per cent water. Constituents insoluble in 
“ Bayoloil ” must not exceed 5 per cent by 
volume. Frigen must be entirely neutral 
( free from hydrochloric acid ). 

(b) The hydrofluoric acid must be of ^ 
strength of more than 96 per cent, if pos- 
sible, 98-99 per cent. 

APPENDIX 65 

OCTADECYL-ISOCYANATE ( Intermediate 
for Persistol VS ) 

Principal Use — For producing water- 
repelling effects on fibres. 

Equipment — 3 enamelled vessels, 1 cu. m. 
each ; 2 homogeneously leaded receivers, 
500 1. each ; 1 iron distilling vessel 

with receiver, 500 1. ; and 1 equipment for 
destroying phosgene. 

Process — Into the 1 cu. m. enamelled 
vfessel 300 kg. of chlorobenzene are filled, 
heated to 60°C. and 300 kg. of octadecyl- 
amine, previously melted, are added. The 
temperature is raised to 90°C. and the 
amine transformed into its hydrochloride 
by introducing about 40 kg. of hydrochloric 
acid gas. The batch is next pressed into 
the second enamelled vessel arid, at a 


temperature of 105°-1 10°C., 10-15 kg. of phos- 
gene per hour are next introduced. The 
total quantity for the conversion into the 
isocyanate is about 150 kg. of phosgene. 

After stirring for 2 hr., nitrogen is passed 
through the batch for 3-4 hr. in order to 
expel hydrochloric* acid and phosgene and 
then the chlorobenzene is distilled off 
in vacuo ( about 100 mm. ). Temperature 
can be raised up to 160°C. The residual 
raw isocyanate is distilled in vacuo ( 3-5 
mm.) at a temperature of about 21 OX. to 
the pure product. The unreacted phosgene, 
escaping together with hydrochloric acid, is 
destroyed in an absorption plant. 

Yield from one batch : about 280 kg. 

Process Control Tests — The final point of 
the phosgenation is determined by distilla- 
tion of a sample. There must not be more 
than 5-6 per cent of undistillable residue. 

The progress of the conversion is recogniz- 
able by the fact that in a cooled sample the 
quantity of octadecylamine-hydrochloride, 
insoluble in chlorobenzene, decreases more and 
more, a clear, brown solution finally resulting. 

Raiv Materials, Intermediates & Finished 
Product Specifications — Octadecylamine : 
the raw product of about 90 per cent is 
previously distilled in vacuo to the pure 
product. The finished product is a clear, 
transparent oil. 

[To. he continued ) 


Quality of Sugar Manufactured in India 


The Director, Indian Institute of Sugar 
Technology, Kanpur ( India ), has issued his 
review on the quality of sugar manufactured 
in India by the central sugar factories and 
refineries for the season 1947-48. 

The data supplied by 124 factories show 
that there is no significant improvement in 
the quality of sugar manufactured in 1947-48 
over the sugar of the previous season. In 
fact, the production of ISS. No. 28, which 
had occupied a position next to the standard 
ISS. No. 27, has registered a drop from 
23-28 per cent in 1946-47 to 17-76 per cent in 
1947-48. As before, the most predominant 
colour grade in 1947-48 was ISS. No. 27, 
which accounted for 56-33 per cent of the 
total production. The production of ISS. 


No. 26 was slightly higher. 98 per cent of 
the total production was in the colour grades 
ISS. Nos. 28, 27, 26 and 25. 

Regarding grain size there was a reduction 
in size A and size C, while a corres- 
ponding increase in size E was recorded. 
Over 97 per cent of the total production was 
covered by the sizes C, D, E and F, the size 
D alone accounting for 47-68 per cent. 

What is disappointing is that some fac- 
tories produced a large number of grades of 
sugar to the extent that one factory recorded 
23 different grades. It is highly desirable 
that methods of standardization should be 
strictly adhered to so that the number of 
grades produced by any factory is restricted 

G. G. Rao 
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Waste-heat Recovery from Industrial 
Furnaces, being a treatise based upon a 
series of papers presented to the Institute 
of Fuel ( Chapman & Hall Ltd., London ), 
1948, pp. 384+ix. Price 35s'. net. 

The volume under review consists of a 
number of papers by different authors. The 
papers were presented in the first place to the 
Institute of Fuel, London, and owe their 
origin to the urgent necessity during war-time 
to conserve the fuel of Great Britain. They 
are all concerned with the study of heat 
transference .and heat insulation and the 
recovery of waste heat from industrial 
furnaces with the object of increased overall 
efficiency. The Committee of the Institute 
responsible for the symposium is to be con- 
gratulated on presenting an important and 
useful treatise which, in spite of its mixed 
origin, gives the impression, not of piecemeal 
or patch-work composition, but of a coherent 
volume. This is attributable no doubt to 
able and careful editing. 

The papers or chapters carry the follow- 
ing headings : (i) Total, Recoverable, and 
Returnable Heat in Combustion Gases by 
l\ O. Rosin ; (ii) Some Simplified Heat 
Transfer Data by Margaret Fishenden and 
O. A. Saunders ; (iii) An Experimental Deter- 
mination of the Factors Governing the Design 
of Regenerators with special reference to 
Coke-ovens by T.C. Finlayson and A. Taylor; 
(iv) Tubular Metallic Recuperators by G. N, 
Critchley and H. R. Fehling ; (v) Waste- 

heat Boilers, by W. Gregson ; (vi) The 
Utilization of Waste Heat in the Carbonizing 
Industries by J. G. King and F. J. Dent; 
(vii) Waste-heat Recovery in the Metallur- 
gical Industry by J. A. Kilby, W. G. Cameron, 
E. C. Evans, A. H. Leckie, J. L. Harvey and 
A. E. Balfour ; (viii) Waste-heat Recovery 
in the Glass-container Industry by W. A. 
Moorshead. 

There is a brief but pertinent introduction 
by G. N. Critchley, showing in striking 
figures the money value of the fuel saved by 
installing fuel-saving ( i.e. waste-heat re- 
covery ) equipment. The cost of the equip- 
ment is stated. There is an excellent index. 

In the body of the book the main industrial 
furnaces considered are those dealing with 


coal carbonization, the metallurgical indus- 
tries and the glass industries. The first two 
chapters are devoted to basic fundamental 
considerations ; and they are the more 
important as Rosin’s treatment of “ Total, 
Recoverable, and Returnable Heat in Com- 
bustion Gases ", and the simplified " Heat 
Transfer Data " of Fishenden and Saunders 
are often referred to in the sui equent 
portions of the book. It is consequently 
advisable for the serious readers to spend 
time on these early chapters. Thev com- 
prise only 66 pages. 

Rosin's paper is an attempt at simpli- 
fication of the usually tedious calculations 
involved in working out combustion and 
heat losses : it should be read with care. 
Perhaps its main service will be to help the 
technologist to visualize roughly but rapidly 
the prevailing combustion and heat condi- 
tions. Rosin’s work is seldom easy read- 
ing — and this chapter is ( to the reviewer ) 
no exception. At the outset we come across 
an irritating statement. " Combustion ", he 
says, " is an industrial prcH'ess for the manu- 
facture ( sic ) of hot gases which are to be 
used in another industrial process for the 
production of goods of various kinds, such 
as metals, ceramics, coke, or chemicals." 
While a definition must delimit, it must 
also embrace all that it should — and to 
define combustion in the above terms is 
simply not true. If we are dealing with a 
particular aspect of combustion, we should 
say so. But perhaps the main objection 
to the statement is that by the end of the 
sentence we have lost sight of the combustion 
process itself and are dabbling in " metals, 
ceramics, coke, or chemicals ". 

Rosin in this chapter spends time on dev- 
eloping a general or " statistical " relation 
between the net calorific value, the air 
requirement and the combustion gas volume 
for different fuels, and he deduces useful 
approximations. Perhaps the 7nost useful 
is that the heat content of unit volume of the 
combustion gases obtained with theoretical 
combustion is roughly constant and inde- 
pendent of the calorific value of the fuel. 

A later portion of the chapter is devoted 
to the heat content of combustion and waste 
gases and to the I/t diagram. The substance 
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of this section requires care from the reader by 
way of interpretation, and the same remarks 
apply to the last section on “ Recover- 
able and Returnable Heat Chapter I is 
of basic importance and contains much 
valuable matter ; but it is perhaps not 
written with the clarity which it deserves. 

Chapter II by Fishenden and Saunders is a 
competent statement on the elements of heat 
transfer. It contains a brief treatment of the 
numbers '' of Reynolds, Prandtl ( Stanton ), 
and Nusselt. The complex nature of heat 
transmission is indicated, and there is a brief 
explanation of heat transfer by radiation and 
by forced and natural convection. The 
usefulness of this contribution is enhanced by 
the heat transfer data assembled in the last 
few pages of the book. 

Finlayson and Taylor in the “ Design of 
Regenerators with special reference to Coke- 
ovens ” have written an essentially practical 
essay of value to coke-oven manufacturers 
and all concerned with design in this field. 
“ Tubular Metallic Recuperators ” by Critch- 
ley and Fehling embraces practical, experi- 
mental, and theoretical aspects of its subject. 
Corrosion is not overlooked, but the treat- 
ment here is none too thorough. 

W. Gregson's chapter on “ Waste-heat 
Boilers " is a general review, largely descrip- 
tive, and contains little revolutionary except 
a plea for the use of the gas turbine. Never- 
theless, it constitutes a balanced statement 
in the body of the book : it will be valued 
more especially by the non-technical reader. 

In “ The Utilization of Waste Heat in the 
Carbonizing Industries", King and Dent give 
a comprehensive description of their investi- 
gations into waste heat in coal carbonization 
practice. The improvements possible with 
horizontal gas retorts, continuous vertical 
retorts, intermittent vertical chambers, coke 
ovens, and water-gas plant are indicated. 
The essay is lengthy, but will repay careful 
attention by all concerned with the manu- 
facture of coal gas or water gas. The brief 
appendix by Dr. S. Pexton is an admirable 
statement on the balance of fuel, steam and 
power in carbonizing plants. 

Chapter VII, by several authors, deals with 
" Waste-heat Recovery in the Metallurgical 
Industry ". A large section is devoted to the 
iron and steel industry including coke-oven 
plant, blast furnaces and cupolas, melting 
furnaces, and reheating and heat-treatment 
furnaces. The dry-cooling of coke receives 
full and Reasoned consideration. The second 
" half" of the chapter is devoted to the non- 


ferrous metal industry, and the future 
development of waste-heat boilers in conne:'- 
tion with metallurgical industries. Reference 
is again made to the driving of gas-turbines by 
means of high pressure waste gas from boilers 
burning compressed blast-furnace gas and air. 

In " Waste-heat ‘Recovery in the Glass- 
container Industry W. A. Moorshead 
shows the application of the theoretical 
principles enumerated in chapters I and II 
to the problems of the glass industry. The 
case for the use of waste-heat boilers with 
glass-melting furnaces is so strong as barely 
to need argument. 

The book, therefore, constitutes a good 
general guide to modern practice in the 
recovery of waste heat from industrial fur- 
naces. The usual line of procedure at works 
is to utilize the sensible heat in the hot gases 
either for steam raising or for heating the 
air to be supplied for the combustion process, 
employing in the latter case regenerators or 
recuperators. Mention has already been 
made of a further possible development, 
namely the utilization of the hot gases in 
gas-turbines. 

The problem of waste heat, however, 
exists in rather larger context. Waste heat 
may result not only from hot flue gases, but 
also from incompletely burnt fuel or hot 
rejects in any form. I'he present treatise 
leaves one with the feeling that a first-class 
comprehensive volume on the utilization 
and/or reduction of waste lieat still remains 
to be written. The treatment of funda- 
mentals given in the present volume certainly 
needs expanding to cover the field. But this 
expansion must not be cumbersome and at 
the expense of clarity. The subject is an 
intensely practical one, and the book must 
have its appeal essentially to engineers of all 
ranks. Carbon balances, however, must not 
be overlooked, and the losses due to incom- 
plete combustion or to rejection of hot fuel 
or even hot solid or liquid matter from 
furnaces should be considered. No doubt 
we have stepped outside the field envisaged 
as “ Waste Heat", but the line of demarcation 
is artificial. 

It remai ns to say that the appearance and 
printing of the book are good and that 
in its present form it will be of great service 
to engineers and fuel technologists concerned 
with waste-heat recovery. But may we not 
ask the Institute of Fuel to use it as a first step 
towards the compilation of further treatises 
on fuel economy? 


J. W. W. 
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Television Production Problems, by 

J. F. Royal ( NBC-Columbia University 

Broadcasting Series ) ( McGraw-Hill 

Book Co. Inc., New York & London ), 

1948, pp. xii + 179. Price $2.50. 

The Columbia University in co-operation 
with the National Broadcasting Company 
started a scheme of instruction in all phases 
of radio programming and operation with as 
much workshop experience as possible. This 
book is based on an extension of the scheme 
to the art of television. It is really a course 
of lectures delivered by different authors 
touched up by the editor. 

The following are the main topics dealt 
with : (i) Introduction by J. F. Royal ; (ii) 
The Science of Television by F. A. Wankel ; 
(iii) Television Writing Problems by R. P. 
McDonough ; (iv) Television Production Faci- 
lities by N\ R. Kelly ; (v) Settings for Tele- 
vision by R. J. Wade ; (vi) Production of 
Dramatic and Variety Programs by E. 
Sobol ; (vii) Opera in Television by H. Graf ; 
(viii) Problems in tiie Studio by F. Coe ; 
(ix) Television Mobile Unit Broadcasting by 
IT Crotty ; (x) Legal Problems in Telecast- 
ing by i. E. Lambert: and (xi) Television 
.Advertising by R. Kraft. 

The above “ titles ” indicate clearly tlie wide 
variety of topics dealt with. All the authors 
are experienced persons engaged by the 
NBC'. The book covers a complete course 
of instruction that need be given in this 
field and is typically American. We do not 
believe yet in this type of courses in the 
universities. In the States there is consi- 
derable demand for specialization and the 
book is a clear indication of the way in which 
the Americans feel the need. Television is 
yet to make its way into India and when 
it comes in, the book will be most useful to 
the staff-training schools. But there is 
another way in which the book can find its 
utility. It is a very valuable addition to the 
general section of college libraries and as a 
book for general reading to our communica- 
tion engineering students. As one reads 
through the book, one finds little that is new 
and there is little that does not occur as a 
matter of course to a systematic thinker. 
But we must remember that originality 
consists not in thinking differently from 
others but in thinking for oneself ! 

The printing and get-up of the book are 
excellent. The numerous photographs are 
aptly chosen and beautifully reproduced. 
The book can as well go in as a model 


to those engaged in book production 
problems ! 

vS. V. Chandrashekhar Aiya 

An Introduction to Comparative Bio- 
chemistry, by Earnest Baldwin ( Cam- 
bridge University Press ), 1948, 3rd edition, 
pp. xiii4-164. Price Is. 6d. 

This excellent little volume needs no 
introduction to students of biochemistry. 
The fact that the book has gone through 3 
editions ( once reprinted ) in the course of a 
decade bears ample testimony to its excellence 
and to the popularity which it onj' /s witli 
those interested in biochemistry. 

The author states that the aim of the book 
is twofold : first, to provide an elementary 
text-book of this special subject suitable for 
students of biochemistry, and, secondly, to 
provide a starting-point for those who, for 
any reason, may find themselves attracted 
to the subject. These two objectives have 
been more than fulfilled in the short space of 
164 pages. The subject-matter has been 
selected carefully and the exposition is lucid. 
As Professor Hopkins has stated, the author 
has “ illustrated very adequately, in relative- 
ly few pages, many of the main lines of 
current progress, leaving in the mind of the 
reader no doubts concerning their signi- 
ficance. Above all, he has displayed his own 
interest in the subject, an interest, intense 
enough to be infectious.” 

This edition has been revised, considerably 
enlarged, re-set and brought up to date. A 
new section on the transport of carbon 
dioxide has been added to chapter VI. 
and a new' chapter ( VIll ) has been intro- 
duced to cover the comparative aspects 
of nutrition, digestion and metabolism, add- 
ing materially to the usefulness of the book. 

A number of useful books and review's 
has been added to the list of references. 
A classification chart is included to provide 
the student, who is not familiar with zoolo- 
gical nomenclature, with a ready means 
of deciding to what phylum or class a given 
animal should be assigned. 

A. K. 

Supersonic Flow and Shock Waves, by 

R. Courant & K. O. Friedricks ( Inter- 
science Publishers Inc., New York & 
London ), 1948, pp. xvi+464. Price $7.00. 

This book is the first of the series of 
books and monographs on pure and applied 
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mathematics edited by H. Bohr, R. Courant 
and J. J, Stoker. The first two names are 
familiar to all students of mathematics, the 
latter of them being the author of the celebra- 
ted Methoden, The book under review ap- 
pears to be an off-shoot of the scientific work 
done in connection with the last war and is, 
therefore, relevant to problems of national de- 
fence. The book is a model of clear and accu- 
rate exposition of a mathematical subject. 

The book consists of six chapters. In the 
first the fundamental equations of hydro- 
dynamic flow with proper thermodynamic 
considerations, but omitting viscosity and 
heat conduction, are obtained. In the 
second the differential equations of the 
hyperbolic type involving two variables are 
thoroughly discussed by the help of charac- 
teristic curves. In the initial value problem, 
the concepts of domain of dependence and 
range of influence are introduced. Propa- 
gation of discontinuities alongc haracteristic 
lines is then considered and a discussion of 
the hodograph transformation is given. 
Generalizations to more than two variables 
are indicated. 

In the third chapter specific problems of 
one dimensional flow are taken up. Shocks 
are regarded as irreversible processes des- 
cribed by sudden jump discontinuities occur- 
ring across sharply defined surfaces. The 
jump conditions and theorems relating to 
shock transitions are established. Treatment 
is given of reflection of a shock by a rigid wall, 
interaction of a shock, Riemann's problem, 
detonation and deflagration waves, Chapman- 
Jouguet processes, Jouguet’s rule and 
wave propagation in elastic-plastic material. 

In the fourth chapter the treatment of 
special flows by the hodograph method is 
given, characteristics, Mach lines and Mach 
angle are introduced and then follow flows 
round a bend, along a bump and in a two- 
dimensional duct, phenomena in a jet by 
gas streaming in parallel supersonic flow out 
of an orifice and an account of shock polars, 
oblique shocks and flow round an air foil by 
perturbation methods. The boundary condi- 
tions for steady flow are critically examined 
and scope for further work is indicated. A 
qualitative discussion of flow in nozzles and 
jets follows in the fifth chapter. Cylindri- 
cally symmetric steady flow, steady conical 
flow and non-steady flow with spherical or 
cylindrical symmetry are treated in the last 
chapter of the book. 

An excellent comprehensive bibliography 
is given at the end of the book. But the 


regret is that "some of the important references 
come under unpublished war work. Refer- 
ences to Chandrasekhar, the distinguished 
astrophysicist, Bethe and Gamow, the dis- 
tinguished nuclear physicist and Weyl and 
Neumann, the famous top-ranking mathema- 
ticians, are found in this work. Chandra- 
sekhar’s reports to the Aberdeen Proving 
Ground on the normal reflection of a blast 
wave, on the decay of plane shock waves and 
on the condition for the existence of three 
shock waves have been referred to in the 
bibliography. This shows the amount of 
interest taken by the leading mathematicians 
and physicists on problems relating to 
national defence in a time of emergency. 

N. S. Nagendra Nath 

Electrical Accidents, by K. V. Karantha 

( Harsha Printery & Publications, Puttur, 

S. Kanara, Madras), 1948, pp. iii-}-136. 

Price Rs. 3/8. 

The book is the first of its kind in India. 
The subject-matter is dealt with in great 
detail with a number of illustrations from 
practice which can be understood by a reader 
with a preliminary knowledge of electricity. 
The book is written from the author’s own 
experience and is based on the general 
practice followed in the province of Madras. 
It would have been better if information 
about the practice in other provinces was also 
incorporated and it is hoped that this will be 
done in the future editions to enhance its 
usefulness and make it a standard book of 
reference all over India. 

The author has given in detail the causes of 
accidents in houses and outside, and has 
suggested the enforcement of Rule 48 of the 
I.E. Rules, 1937. In the Bombay province, 
the statutory provisions regarding the elec- 
tric installations in houses, factories, places 
of public entertainment, etc., are strictly 
enforced and a licencing board grants licences 
to electrical contractors who are authorized 
to take up such works and conducts examina- 
tions for electricians and wiremen. It would 
be interesting to know the methods adopted 
in other parts of India. If the regulations in 
force have not actually prevented accidents, 
they will have to be modified in the interest 
of safety to the public and extension of 
electric power to rural areas. 

The author has clearly described the 
physiological effects of the passage of electric 
current through the human body and ex- 
plained the circumstances under which the 
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electric shock is likely to prove injurious and 
fatal. The chapter regarding artificial res- 
piration should have followed this, and it 
should have included other methods such as 
mechanical respiration aids. Recommenda- 
tions of a few medicines commonly used in 
cases of electric burns would have been useful. 

The chapter on the causes of electric 
accidents in dwelling houses, factories and 
in public utility concerns are very exhaustive 
and show conclusively how most of these 
accidents could be avoided by proper obser- 
vance of the prescribed regulations under 
the Indian Electricity Act and Rules. The 
author has given details of clearances from 
the live conductors and the safety measures 
such as fencing, anti-climbing devices, etc., 
prescribed by the Madras Government. It 
would be better if these are standardized on 
an all-India basis and prescribed under the 
authority of the Central Electricity Board. 

Provision of an adequate “ earth being 
essential -for the operation of all safety devices 
such as fuses or earth leakage relays of 
circuit breakers, etc., it is very essential that 
this question should be properly understood. 
The author has considered this aspect and 
described in detail as to how proper earth 
connections should be made and how very 
low earth resistances should be maintained. 
This information would be very useful for all 
public utility engineers and engineering 
contractors. 

The author has devoted a special chapter 
for the multiple earth neutral system and 
has shown both the advantages and dis- 
advantages of the same and its application 
in the Madras province. The adoption of 
this system would be very useful for other 
provinces. 

The causes of fire accidents by the use of 
electric appliances in houses and factories 
are discussed in detail and helpful suggestions 
to avoid them are given. Discussion and 
implications of some extracts from the 
regulations for the installation and mainte- 
nance of electric installations prescribed by 
the “ fire insurance companies " would be 
very useful and should be included as an 
appendix. 

On the whole, the book is very instructive 
and useful as a text-book for technical insti- 
tutions and for examinations conducted by 
the Provincial Licencing Boards and as a 
reference book for the public utility concerns 
and factories. The author must be congratu- 
lated for publishing such a valuable book. 

B. K. R. Prasad 


The Indian Sugar Industry, 1947-48, 

Annual, edited by N. P. Gandhi 

(Gandhi & Co., Bombay), 1948, 

Vol. XIII, pp. xlviii+ 136+32. Price 

Rs. 6. 

The present Annual Review of Indian 
Sugar Industry, like its fore-runners, contains 
an exhaustive account of the progress of the 
sugar industry during 1947-48, all the 
relevant data of the previous years being 
brought into well-compiled tables for ready 
comparison. 

The author’s preface is a succinct account 
of the present problems of the sugar adustry 
and liis own views on them. There are 41 
highly informative tables given at the 
very beginning of the book. The review 
covers the progress of not only the sugar 
industry, but also the other allied sub- 
jects like power alcohol and cane cultiva- 
tion. The subject is dealt with in all its 
aspects, and the world position is reviewed. 
An appendix giving an up-to-date list 
of sugar mills of India and Pakistan is 
included. 

The author lays special stress on the 
futility of an elaborate tariff enquiry on the 
continuance of protection to sugar at a time 
when the industrial conditions, both in India 
and abroad, are very unstable, costs of pro- 
duction violently fluctuating, and the future 
of production, consumption and world trade 
in sugar cannot be predicted owing to the 
prevalence of insecure conditions. Protec- 
tion to sugar industry must be maintained at 
the present juncture in the interest of the 
agricultural economy of India. The author 
has stressed the importance of intensified 
agricultural research and, therefore, the 
necessity of restoring the grant agreed to 
by the Government of India in 1947. This 
grant is estimated to be about Rs. 50 lakhs 
per year. A wider sales organization, on 
the same lines as of A71T.45 of Java to cover 
every factory in India, has been advocated. 
Among other points stressed by the author 
are : improving the manufacture of gur and 
encouraging the manufacture of palm gur 
and the necessity for reducing the price of 
sugar by reducing the price of cane and 
the sugarcane cess to give an impetus 
to increased production and consumption 
of sugar. 

The Annual cannot be missed by anyone 
closely associated with, or interested in, the 
Indian sugar industry. 

. G. G. Rao 
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Plants Diseases : Their Causes and 
Control, by Sudhir Chowdhury (Kitab- 
istan, Allahabad & Karachi), 1948, 
pp. 106. Price Rs. 4/8. 

As ONE GOES THROUGH THIS LITTLE VOLUME, 
the impression that the book has not been 
planned properly and that the subject- 
matter has been inadequately and poorly 
treated becomes confirmed by the time the 
end is reached. The author states that at 
the request of his students he has published 
his lectures in the form of a booklet. It may 
be that in the form of lectures the subject- 
matter was interesting enough to students, 
but, to publish the material in the form of a 
book, the author should have given greater 
attention to precision in terminology and 
proper sequence in the presentation of the 
subject. 

The book is divided into six chapters. 
After a short introduction ( which forms 
chapter I ), “ definitions and symptoms of 
diseases " are discussed in the second chapter. 
The material is evidently based on Heald's 
Manual of plant diseases, and the author's 
attempt at brevity and simplicity has result- 
ed in a large number of inaccurate statements 
and generalizations which, in the opinion of 
the reviewer, is not beneficial to students for 
whom the book is intended. Chapter III 
should have formed the introduction as it is 
very necessary for a beginner to know the 
structure, life history, etc., of the causal 
organisms before making an attempt to 
study the diseases they produce and the 
symptoms which are manifested. 

The book abounds in grammatical, spelling 
and typographical errors. There is little in 
the volume which the reviewer can commend 
to readers. The publication is priced high ; 
a third of the price would have been 
reasonable. 

V. S. Kao 

German Primer for Science Students, 

by Haragopal Biswas ( University of Cal- 
cutta ), 1948, 2nd edition, pp. xiii-f 250-f 
hi. Price Rs. 7/8. 

This publication is familiar to students 
in this country, and particularly to those 
who have attempted to gain a working knowl- 
edge of scientific German by the self-taught " 
method. The reviewer himself had occasion 
to use the book ( 1st edition ), and he can 
unhesitatingly recommend it as a useful 
aid to the learning of German. 


The present edition has been revised and 
a number of fresh exercises have been added. 
The sub-sections of exercises in physics, 
physical geography, pharmacology, chemis- 
try and mathematics have been enlarged. 
An interesting feature of the new edition is 
the inclusion, in the last chapter, of passages 
of general scientific interest, biographical 
sketches of men of science, and a selection of 
well-known Indian short stories and extracts 
from the works of Kalidasa, Goethe, Shakes- 
pear, Schiller and Tagore. 

A. K. 

Elastomers and Plastomers, Their Che- 
mistry, Physics and Technology, Part 

III, edited by R. Houwink ( Elsevier 
Publishing Co. Ltd., New York, Amster- 
dam, Londdh, Brussels ; Cleaver-Hume 
Press Ltd., London ), 1948, pp. 174. 
Price 25.S'. net. 

The publication of part 111 before parts 
I and 11 of the volume on elastomers and 
plastomers might appear a bit unusual as 
would, for instance, serving first the last dish 
of a meal while the others are still in prepara- 
tion. But the reason for it might very well 
be, as in the case of Elsevier’s 20 volume 
Encyclopedia of Organic Chemistry, whose 
publication started off with the 14th volume, 
the practical consideration of immediate 
public demand for the sort of information 
contained in this particular part. In fact, 
whereas parts I and 11 are to be entitled, 
respectively, “ General Theory ” and “ Manu- 
facturing Properties and Applications ”, 
part III, under review, deals with the 
methods of testing and analysis of elastomers 
and plastomers in a manner which will be 
much appreciated by those who have had 
up to now to refer for such information to 
scattered publications in journals and to 
the American Society of Testing Materials 
( A.S.T.M, ) Standards y the British Standard 
Specifications {B.S,S, ), or even the German 
Verband Deutscher Electrotechniker ( V.D.E, ), 
among which, however, there has not been 
much uniformity in terminology or test 
specifications. 

Chapter 1 is a page and a half introduction 
by Dr. R. Houwink of Wassenaar ( Nether- 
lands ) on the general nature and significance 
of the physical and chemical tests and 
numerical data presented in the succeeding 
chapters. Dr. J. H. Teeple of Celenese Cor- 
poration of America treats, in chapter 2, the 
standard methods of testing the mechanical 
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thermal, optical, chemical and electrical 
properties of plastics and rubbery materials, 
explaining clearly and concisely the scientific 
principles, specific test conditions and 
inherent limitations involved in each type 
of tests and furnishing diagrams of testing 
machinery and tables of typical experimental 
data. This chapter is an excellent introduc- 
tion and a helpful guide to the use of the 
American, British and German standard 
specifications of individual plastomers and 
elastomers. 

Chapter 3, of particular interest even to 
practised organic chemists not well-versed 
in the analysis of high polymeric materials, 
is contributed by Dr. A. G. Epprecht of 
Zurich, in whose laboratory several of the 
analytical methods were cither modified or 
developed. Starting witli the method of 
preparing the material for analysis, since 
any given plastomer or elastomer consists 
of many other ingredients than the basic 
resin or latex, the author details successively 
the procedure for preliminary examination, 
systematic analysis along with confirmatory 
tests and a scheme of qualitative analysis of 
the more common plastics and rubbers, 
based on their solubility in organic solvents 
and resistance to both organic and inorganic 
chemicals, and finally gives severed examples 
of quantitative analysis of individual poly- 
mers and plasticizers. Chapter 4 by Dr. 
B. B. S. T. Boonstra of the Rubher Inunda- 
tion, Delft ( Netherlands ), contains, in tabular 
form, valuable numerical data of the proper- 
ties of elastomers, a large part of wliich was 
obtained in his own laboratories, with 
explanations of the terms and standards 
prevalent in ICS. A. and other countries. 
Chapter 5 by ]. W. F. van’t Wout of Delft 
and Dr. R. Houwink presents similar tables 
of numerical data of the properties of 
plastomers. A detailed table of contents 
and a comprehensive index complete 
the Volume. 

Written by competent authorities and 
comprising within a comparatively short 
space a great deal of information on 
elastomers, the book is recommended, 
without reserve, to research workers in 
high polymers. The printing is good and 
no typographical mistakes were noticed. 
The only complaint which could be made 
is that the price is a little forbidding, 
almost two pence a page, although books 
of this type are nowadays generally 
expensive. 

L. M. Yeddanapalli 


Plasticity as a Factor in the Design of 
Dense Bituminous Road Carpets, by 

L. W. Nijboer ( Elsevier Publishing Co. 

Ltd., New York ; Cleaver-Hume Press 

Ltd., London ), 1948, pp. xvT 184. Price 

286'. net. 

Among the road materials in use, bitumi- 
nous road mixtures play an important role 
in the development of roads designed to 
meet the exacting demands of modern traffic 
with respect to load, speed and safety. For 
gauging the potentialities of thi.s road material 
and putting it to the best use, it is essential 
to have a detailed knowledge of its me hanical 
properties. 

This book deals with methods of investi- 
gating the plastic properties of bituminous 
road materials and the practical applications 
of bituminous compositions. 

Tlie subject-matter is divided into 8 
chapters. Chapter I gives a survey of 
road-building methods through the ages 
with particular stress on bituminous 
roads and functions and properties of 
bitumen. Properties of bituminous mix- 
tures are studied, their mechanical pro- 
perties analysed and existing testing 
methods reviewed. 

Chapter 11 deals with the theory of the 
Iriaxial shear test method, testing apparatus 
and preparation of test specimens. The 
validity of the theory and the accuracy 
of the method are discussed, and a clear 
idea is presented of the resistance of 
bitumin-aggregate mixture to plastic flow 
as indicated by the 3 physical constants : 
coefficient of friction, viscosity and initial 
resistance. 

Chapter 111 on mechanical properties at 
plastic deformation includes the quantitative 
assessment of the influence of changes on the 
composition and properties of mixtures 
subjected to different test conditions. The 
comparison of properties under standard 
conditions is thus rendered possible and the 
properties of mixes of variable composition 
can be evaluated when the properties of the 
standard mix are given. This is an impor- 
tant practical aspect of the subject, as mixes 
can be designed to meet the traffic require- 
ments of the road. 

In chapters IV and V, bearing capacity 
and compaction by rolling are discussed from 
the theoretical and experimental view- 
points, and the test apparatus specially 
developed for these investigations are 
described. 
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Chapters VI and VII contain tables and 
graphs relating to the grading and design 
of mixtures. These are of great help to 
research engineers. 

In chapter VIII are to be found many 
observations on mechanical properties of 
bituminous road mixtures — a new line of 
approach based on the principles of soil 
rnechanics. This has resulted in the clarifica- 
tion of the role of many variables in the 
bituminous road mixtures. The results ob- 
tained are not conclusive enoughi to formulate 
specifications for the composition of mixtures 
to meet any given requirement. These results 
have, however, led to the conclusion that 
road carpets might be designed to possess 
a “ Prandtl Bearing Capacity equal to the 
inflation pressure of pneumatic tyres. This 
study was restricted to hot iqixtures, and 
research on cut-back mixtures and emulsion 
mixtures have still to be carried out. 

The author’s endeavour has been to bring 
the knowledge on mechanical properties of 
bituminous road materials to a level com- 
parable to that of steel and cement concrete 
in order to obtain the same degree of safety 
in construction. In this attempt he has 
succeeded to a great extent, and this book 
will be of much use both to research workers 
and field engineers engaged in the construc- 
tion of bituminous roads. 

R. K. N. Iyengar 

Photography in Crime Detection, by J. A. 

Radley (Chapman & Hall Ltd. London), 

1948, pp. 186. Price 2Ls. 

Q<IME plays, AND HAS ALWAYS PLAYED, AN 
important role in the life of mankind since 
time immemorial. In. the current century, 
it is said, crime has become a refined scientific 
pursuit. Those who fight against crime are, 
therefore, facing the need for utilizing all the 
advances of modern science for detection and 
prevention of crime. 

In this book. Photography in Crime 
Detection, the author has managed to 
pack, within 186 pages, a staggering amount 
of information on the various uses of modem 
photographic processes in detection, analysis 
and proof of crimes. While keeping within 
limits of popular appeal, the author has 
made the chapters intensely practical and 
valuable alike to the working detective or 


legal adviser as to the general reader who 
finds interest and diversion in greedily 
imbibing detective fiction. 

After a theoretical introduction concerning 
the role of photography in crime detection, 
the author goes on to discuss cases involving 
mechanical vehicles, identification of persons, 
criminal cases such as murder, house-break- 
ing, counterfeiting coins, gems and precious 
stones and betting offences. The examina- 
tion of documents which are disputed on the 
ground of forgery and the photographing of 
such documents by normal and oblique 
lighting for purposes of comparing hand- 
writing, identification of inks, detecting 
alterations, erasures or additions, etc., are 
dealt with in detail in a long chapter covering 
nearly 30 pages. The use of ultra-violet 
light and fluorescence analysis of documents, 
photographing documents, fingerprints, etc., 
by fluorescent light, ultra-violet light and 
infra-red light are covered in a very practical 
manner under separate chapter headings. 
The place of photomicrography and X-ray 
photography in crime detection is rightly 
emphasized and exhaustive practical infor- 
mation given under relevant chapter heads. 

On the whole the book is an admirable 
condensation of very useful and important 
information on all aspects of the subject, and 
at the end of each chapter there is a biblio- 
graphy which helps the reader to refer to 
other literature for additional information. 

No less than 104 reproductions of photo- 
graphs, actually used in various criminal 
cases, illustrate the book. 

The author deserves special commendation 
in keeping one main principle in view which 
he states in his preface : “ Every effort has 
been made to present the material in the 
simplest manner possible and the examples 
have been selected for their value in illus- 
trating the various techniques rather than for 
their sensational value ”. 

Professional men in the police depart- 
ments and lawyers and judges will find much 
of real value in this book, while photograph- 
ers, both professional and amateur, will 
xealize that their fellow-photographers, who 
do specialized work in police laboratories or 
in forensic science laboratories, rank among 
the best exponents of photographic technique 
and ingenuity. 

S. Lakshminarasu 



Central Advisory Council of Industries 


A ddressing the first session of the Ad- 
visory Council (Jan. 24, 1949 ) the Hon’ble 
Dr. Syama Prasad Mookerjee, Minister 
for Industry and Supply, reviewed the 
industrial and economic problems of the 
country at the present juncture and the measures 
taken l)y the Government in this context. 

The Government have taken preliminary steps 
for setting up or investigating into the possibility 
of establishing a number of important industries. 
The schemes include : the establishment of new 
steel works for increasing indigenous steel produc- 
tion by 1 million tons, construction of one or more 
ship-building yards, manufacture of synthetic 
petrol from coal, of heavy electrical equipment, 
of dry core, paper-insulated telephone cables, radio 
equipment, machine tools, diesel engines, tractors, 
penicillin, paludrine, sulpha drugs and explosives. 

For increasing agricultural production, the 
Ministry of Agriculture has a number of schemes, 
the most important of which is the reclamation 
of waste land by mechanized cultivation. An 
area of 150,000 acres has already been brought 
under cultivation. The multi-purpose projects 
of the Ministry of Works, Mines and Power, when 
completed, will add over 27 million acres of irri- 
gation to India’s existing 48 million, and about 
9 million kW. of hydro-electric energy to the 
present half a million. 

Plans to develop rail and road transport, tele- 
l)hone and telegraph and schemes for port develop- 
ment and civil aviation are being executed in some 
cases and others are under investigation. The 
State-owned telephone factory, recently established 
at Bangalore, is designed to make India self- 
sufficient ill regard to her requirements of automatic 


telephone equipment and the factory near Asansol 
for the mahufacture of locomotives is expected to 
be completed by the end of 1950. 

The policy of the Government for raising the 
living standards of people is to encourage fruitful 
enterprises bringing quick results. To encourage 
cottage and small-scale industries, an All-liidia 
Cottage Industries Board has been set up and 
an all-India policy laid down by the Board is being 
implemented. 

The Hon'ble Minister referred to tlie work of 
the Indian Standards Institution in 3 ma r fields 
of industry — cotton textiles, engineering and 
chemicals. He referred also to lack of statistical 
data and the measures the Government propose to 
take for the preparation of statutory annual census 
of manufacturing industries and compilation of 
monthly statistics. 

As regards the nationalization of industries, the 
Government have assumed primary responsibility 
for the development of new undertakings in 6 
industries other than arms and ammunition, 
railways and the production and control of atomic 
energy, viz. coal, iron and steel, air-craft manu- 
facture, ship-building, manufacture of telephones, 
telegraph and wireless apparatus and mineral 
oils. The policy of the Government is specific in 
that the existing undertakings will not only remain 
with private enterpri.se for at least 10 years, but 
that they will be assisted to increase their efficiency 
and expand their production. The question of their 
acquisition by the State will be a matter for review 
at the end of 10 years in the light of the circums- 
tances then prevailing. 

The appended table gives the statistics of pro- 
duction ior certain important industries. 
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PRODUCTION TRENDS DURING 1947-48 ( contd. ) 


Ser. 

No. 

Industry 

Installed 

CAPACITY 

Peak production 
in best year 

Production in 
1947 

Production in 
1948 

Remarks 

12. 

Belting 

1,600 tons 


615 tons 

661 tons 


13. 

Diesel engines 

1,200 

964 ( 1948 ) 

761 ^ 

964* 

Increase due to new units 

14. 

Iron castings 

400,000 tons 

272,464 tons (1948) 

168,333 tons 

272,454 tons 

Increase due to improved 
supplies of raw materials 

15. 

Machine tools 

8,000 ( 1 graded ) 

2,900 (1945) 

1,400 

1,691* 

Increase due to improved 
availabilitv of raw mate- 
rials and facilities for 
production 

16. 

Bicycles 

60,000t 

.51,688 t( 1948 ) 

48,827 

51,688t 

Increase due to expanded 
capacity of existing units 

17. 

Sulphuric acid 

100,000 tons 

62,560 tons (1945) 

60,000 tons 

80,000 tons 

Increase due to new plants 

18. 

Superphosphates 

7.5, 000 tons (1048) 

21,358 tons (1948) 

5,000 tons 

21,358 tons 

Low production in 1947 
due to restricted supplies 
of imported rock phos- 
phate which are now 
coming on a liberal scale 

19. 

Caustic soda 

13,500 tons in 1948 

4,888 tons (1948) 

3,314 tons 

4,383* tons 

Increase due to certain 
units coming into produc- 
tion in 1948 

20. 

Soda ash 

54,000 tons 

28,200 tons (1048) 

13,624 tons 

28,200* tons 

Increase due to improved 
methods of production and 
availability of raw mate- 
rials 

21. 

Chlorine ( liquid) 

2,100 tons 

1,825 tons (1945) 

1,706 tons 

1,800* tons 

Increase due to improved 
off-take 

22. 

Bleaching powder 

6,(M)0 tons 

2,836 tons (1948) 

2,650 tons 

2,836* tons 

Production likely to in- 
crease further if greater 
supplies of good miality 
limestone are available 

23. 

24. 

Drugs ( tinctures 
and galenicals ) 

Metals 

7.50,000 gal. 

600,000 gal. (1944) 

500,000 gal. 

522,000 gal. 

r.ap between capacity and 
production due to non- 
availability of the required 
quantity of spirit 


(i) Aluminium 

(iil Antimony 

5,000 tons 

700 tons 


3,215 tons 

235 tons 

3, .3.54* tons 

370 tons 

Increase due to expansion 
in existing units 


(tii) Copper 

7,000 tons 


5,981 tons 

6,031 tons 

Normal fluctuation 


(iv) Leski 

(v) Alloys 

7,200 tons 

80,000 tons 


230 tons 

15,558 tons 

545 tons 

15,732 tons 

Industry not yet definitely 
established 


(vi) Semi-manu* 
factures 

50,000 tons 


22,545 tons 

26,511 tons 

Increase due to expansion 
in existing units. 

26. 

Rubber ( raw ) 

17,174 tons (1944) 

17,174 tons (1944) 

16,449 tons 

15,400 tons 

Fall due to exhaustion of 
trees by slaughter tapping 
and stoppage of produc- 
tion on some estates due 


to unattractive prices 

26. Tyres and tubes 

(i) For cycles 4 • fi million sets Tyres 3 • 34 millions Tyres 3 ■ 23 millions ; Tyres 3 34 million s ; 

(1948) ; tubes 4 32 tubes 4 -32 millions tubes 3 -82 millions 
millions (1947) 

(ii) Other than 1 million sets Tyres 0 • 83 millions Tyres 0 - 88 millions Tyres 0 - 78 millions ; 

cycle ( motor, (1947) ; tubes 0-80 (1947); tubes 0-80 tubes 0 74 millions 

giant, etc.) millions (1947) millions 


27. 

Alcohol 
(i) Industrial 

20 million gal. 


4 '82 million gal. 

4' 9 million gal. 

Increase due to additional 

28. 

(ii) Power 

Raw cotton 

Restrictions are in force over cultiva- 

2-20 million gal. 

28 lakh bales 

3 ‘54 million gal. 
28* lakh bales 

plant 

29. 

Cotton textiles 
(i) Yam 

tion in- view of food position 

10,168,909 spindles 1,642,831 ,000 lb. 

1,814,524,000 lb. 

1,442,342,000 lb. 

Incrca.sc due to bettor use 

80. 

(ii) Cloth 

Woollen manufac- 

(including 35,000 
spindles installed 
during 1948 ) 

30 million lb. 

(1948) 

4,735,750,000 yd. 
(1944) 

30 million lb. 

3,816,088,000 yd. 

24 million lb. 

4,337,502,000 yd. 

23,668,074 lb. 

of rapacity in mills during 
1948 

31. 

tures ( excluding 
cottage industries ) 

Rayon weaving 160,000 hand looms 

(1945) 

180 million yd. 

86 million yd. 

114 million yd. 

Increase due to improved 

32. 

Rayon weaving 

16,000 power looms 

(1987) 

88 million yd. 



supplies of yam 

38. 

Cement 

2,116,000 tons 


1,441,885 tons 

1,616,226 tons* 

Increase due to expansion 

34. 

Sugar 

1 ,400,000 tons 

1 million tons* 

925, (KK) tons 

1 million tons* 

of an existing unit 

Increase due to higher price 

35. 

Paper and boards 

110,000 tons 

(1948) 

93,090 tons 

99,765 tons 

for sugarcane and sugar 
during 1948 

86. 

Vamspati 

220,000 tons 

145,000 tons* 
(1948) 

551 million lb. 

95,000 tons 

145,000 tons 

Increase due to new units 

37. 

Tea 

561 million lb. 

551 million lb. 

550 million lb. 

Decrease due to climatic 

38. 

Coffee 

15,040 tons 

(1947) 

25,200 tons 

15,040 tons 

17,000 tons 

and labour conditions 

Fall due to climatic condi- 



(1947-48) 

(1945-46) 

(1947-48) 

(1948-49; estima- 
ted ) 

tions. Coffee has a 3 to 
4 year cycle of good, 
medium, and poor crops 


t Complete bicycles + spare parts equivalent to complete units, 


Approximate figures. 
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Skr. 

No. 


PRODUCTION TRENDS DURING 1947-48 ( contd, ) 

Industry Instali.f.d Peak production Production in Production in 

CAPACITY IN BEST YEAR 1947 1948 


Remarks 


SO Cigarettes 30, (XX) millions 0,958 16 rnillioas 


10 Matches 800,000 cases 618,000 cases 

( 1 case 50 gross (1947) 
boxes of 50 sticks 
each ) 

41 . Leather ( produc- 
tion of organi7-ed 
units ) 

Buffalo hides 2,000,000 

( veg. tan ) 


42. 

43. 


Cow hides 

( chrome ) 
Buffalo hides R.I. 
tanned 

Cow Hides Tanne( 
Goat skins 
Sheep skins 
Plywood 


Soap 


3.000,000 

0,300.0(»0 

19.080.000 

63 million sq.fl. 
in 1948 

250.000 tons 


50 million sq ft. 
in 1944 
190,000 tons 
(1948) 


44. 

Glass 

150,000 tons 

45. 

Ceramics 

30,000 tons* 

46. 

Refractories 

225,000 tons 


(1948) 

47. 

Enamel ware 

25 millions 


120,000 tons 
(1945) 
25000 tons 
a 045) 

185,511 tons 
(1948) 


18, 879- 77 millions 29,658- 10 millions Increase due to improve 

ment in production and 
larger availi.bility of raw 
materials 

618,000 cases 499,586 cases For three-quarters only. 


800,000 979,fK)0 Decrease is due to shortage 

of tanning materials and 
transport 


1,200,000 1,087,000 


6,420,000 4, 602, .300 


17,. 500, 000 
28 -C million sq.ft. 

80,000 tons 

80.000 tons 

20.000 tons 
175,376 tons 
8 532 milliors 


15.250.000 

38-63 million sq.ft. 

190.000 tons 

70.000 tons 

23.000 tons* 
185,511 tons 
6763 millions 


Increase due to additional 
units 

Marked improvement due 
to rapidly increasing avail- 
ability of raw i..aterials 
Decrease due to shortage 
of raw materials and fuel 
Increase due to additional 
plants 

Increase due to 3 firms 
going in for tunnel kilns 
Fall despite increased ca- 
pacity due to shortage of 
raw materials, particu- 
larly mild steel sheets and 
difficulties of transport 


48. Insulators 

49. Abrasives 


4,200,000 

121,680 roams 40,600 reams 40,600 reams 

( 1947 ik 48 ) 


2,529,000 
40,600 reams 


* Approximate figures. 


Obituary - Prof. Birbal Sahni (1891-1949) 


In the death of Prof. Birbal Sahni on 
April 9 at Lucknow, India has lost one of her 
eminent sons, and science a brilliant savant. 

The 58-year old scientist was born at 
Bhera, Punjab, on 14th November 1891 and 
was educated at the Government College, 
Lahore and at the Emmanuel College, 
Cambridge. He was appointed Professor of 
Botany, University of Lucknow, in 1921, and 
this position he filled with conspicuous dis- 
tinction all these years. He was the Found- 
er and Honorary Director of the Institute 
of Palaeobotany, the foundation-stone of 
which was laid just a week before his death. 

Among his numerous publications may be 
mentioned an excellent text-book of botany, 
original contributions on extinct plants, 
fossil flora and their geological bearings, and 
Indian numismatics. He was the Editor of 
the Lucknow University Studies, and Palaeo- 
botany in India. He was a brilliant teacher 
esteemed alike by his numerous students, 
colleagues and friends both for his personal 
charm and scientific eminenece. 


He was elected a Fellow of the Royal 
Society, London, in 1936, President of the 
27th Session of the Indian vScience Congress, 
Madras ( 1940), and a non-official member 
of the Indian Delegation to the Royal 
Society Scientific Conference held in London 
in 1946. He was invited to preside over the 
Palaeobotany Section of the 7th Inter- 
national Botanical Congress to be held at 
Stockholm in July 1950. Prof. Sahni was 
awarded the Barclay Medal of the Asiatic 
Society of Bengal in 1936, and the Nelson 
Wright Medal of the Numismatic Society of 
India, 

Prof. Sahni dedicated his private funds, 
his immovable property, a reference library 
and his valuable fossil collections for the 
promotion of research in fossil botany at the 
Institute of Palaeobotany at Lucknow. The 
cutting short of a fruitful career, at a time 
when the prospect of further activity on a 
large scale was opening out, will be deeply 
felt by all those interested in the progress of 
science in India. 


NOTES 


A New Horizontal 

Electron Microscope 

A HORIZONTAL ELECTRON MICROS- 
cope with several distinctive 
features has been designed in the 
University College of Science, 
Calcutta (Ind. J. Phy., 1948, 22, 
497). The instrument is essen- 
tially a research unit, flexible in 
design and highly suited for 
investigations on electro-optical 
problems. The different elements 
of the unit are mounted on 2 
stainless steel rods held in position 
by brass sleevings which can 
slide over the rods. It is thus 
possible to dismantle any part 
of the microscope without dis- 
turbing the rest. The distance 
between any 2 elements can be 
varied, and it is also possible to 
interpose an extra element be- 
tween any 2 of the existing ones. 
Each micro.scope element is 
approachable from all sides, and 
the image formed on the fluore- 
scent screen can be demonstrated 
to a number of people .simul- 
taneously. The instrument is 
designed for a maximum electro- 
nic magnification of 20,000 dia. 

The electron gun, the condenser, 
the objective and the projector 
lenses are supported on separate 
carriages consisting of 4 pairs 
of horizontal brass plates. Any 
of the pairs of brass plates can 
slide together in a horizontal 
plane perpendicular to the axis 
of the microscope on a pair of 
stainless steel guide rods .fixed 
to the frame of the instrument. 
The upper plates supporting the 
microscope elements can also be 
raised or lowered with respeqt to 
the lower plates by a set of 
screws. These 2 motions at 
right angles to the optical di^is 
can be given to any element of 
microscope. By means of trans- 
mission gear arrangement, the 
operator, sitting at the control 
table near the final fluorescent 
screen, can move any of the 
lenses or the gun for proper 
alignment. Each of the 3 lenses 
has 4 levelling screws by means 
of which the lens may be slightly 
inclined to the axis so as to allow 
for any asymmetry of the pole 
pieces. In addition to lateral 
motions, the gun can be slightly 
tilted about the horizontal and 
vertical axes. 


& NEWS 


The length of the microscope 
column from the filament tip 
to the objective is 59 cm. and the 
length from the objective to the 
fluorescent screen is 79 cm. For 
evacuating the microscope 
column, an oil-diffusion pump and 
a Cenco Hypervac 20 are used. 
The mechanical pump is housed in 
a specially de.signed underground 
chamber a little distance away 
from the microscope in order to 
reduce noise and vibration. A 
thermo-couple gauge measures the 
fore-vacuum while the high 
vacuum within the microscope 
is indicated by an ionization 
gauge. 

The electron gun assembly 
is demountable and is made 
v^acuum tight by means of the 
rubber gaskets and gasket tighten- 
ing screws. For a change of 
filament, the filament unit 
together with the cathode shield 
can be taken out. 

The object stage can be rotated 
through a small angle and the 
tilting of the stage for stereo- 
photography purposes is also 
possible. 2 viewing ports pro- 
vided on the upper side of the 
specimen chamber allow a view 
of the specimen stage through all 
operations. 4 hydraulic sylphon 


bellows, fitted at 90° to each 
other, provide movement for 
the object stage in 2 perpendicular 
directions at right angles to the 
optical axis. By compressing 
and expanding the hydraulic 
sylphons it is possible to move 
the stage in a plane perpendicular 
to the microscope axis and thus 
explore different parts of the 
specimen. Jt is also possible to 
move the stage while looking 
at the image on the final fluore- 
scent screen. A unit is provided 
on the control desk with both 
coarse and fine adjustments, so 
that the specimen can be placed 
accurately in any desired position. 

The specimen changing is ac- 
complished by means of an air 
lock. 

The photographic unit consists 
of a plate magazine holding 20 
photographic plates and is 
demountable. The plates are 
moved by a pressure pad, the 
pressure being maintained by 
the vacuum in the unit. A 
mechanism is also pro\'ided ^iy 
means of which the plate carrier 
and the shutter mechanism a,re 
swung out of the path of the 
electron beam and the totjal 
area of the fluorescent screen c^n 
be utilized for visual observation 
of the micrograph. 

The microscope filament is 
heated by r.f. current of about 
150 kc./s. This reduces the 
problem of electrostatic shield- 
ing and simplifies high voltage 
insulation. 



Fig. 1 — Lepospira icterohaemorrhagiae x 10,000. 
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Mounting Medium for 

Textile Fibres 

An improved permanent mount- 
ing medium for textile fibres is 
described ( Textile Res. J 1948, 
18 , 756 ). A colourless perma- 
nent mount with the desired 
refractive index can be made by 
the combination of a synthetic 
resin of a moderately low refrac- 
tive index with a compatible 
plasticizer of a much higher 
index. By varying the composi- 
tion of the mixture, it is possible 
to adjust the refractive index to 
a viable suitable for a particular 
fibre. A mounting medium with 
a refracti\'e index that is approxi- 
mately half-way between the 
maximum and minimum indices 
of common fibres has been found 
to be most useful. 

/.sebutyl methacrylate polymer 
( Du Pont ) of refractiv'e index 
1-48 and Aroclor 1242 ( Monsanto ) 
of refractive index 1()2 are, 
respectively, the resin and the 
plasticizer used for the mount 
medium. Both materials are 
colourless and quite miscible 
with xylene. The proportions 
of all the 3 materials are adjusted 
until a viscous liquid with a 
refractive index 1-52 is ol)tained. 
'Phis index is half-way between 
the indices of cotton or wo(U 
and acetate rayon. 

The following is a formula 
for a permanent mounting 
medium ( after heating ) with a 
refractive index of T516 and 
1-520; 

Xylene { filtered ) 21 c.c. 

Aroclor 1242 9 c.c. 

J so 1 ) u t y 1 rn e t h a c r y’ - 

late polyanei 18 gm. 


NOTES & NEWS 

The i.9£)butyl methacrylate 
polymer should be finely ground 
and free from lumps. Into the 
filtered xylene Aroclor 1242 is 
first added and then the metha- 
crylate polymer and the contents 
stored. The mix is allowed to 
stand overnight until all the 
bubbles produced due to stirring 
have pa.ssed off. The resulting 
colourless liquid has a vi.scosity 
very close to that which is usual 
with solutions of Canada balsam. 
The material is used in the same 
manner as Canada balsam. 

A slight exce.ss of material is 
employed and the slide after 
preparation should be heated in 
an oven at 70°C. for at least 2 hr. 
The excess material around the 
cover glass can be removed by' 
a razor blade. 

The 2 tables below give the 
approximate refractive indices 
of various mixtures and data 
for obtaining photomicrographs 
of fibres using the mixtures. 

Manufacture of Anhydrous 

Hydrofluoric Acid 

The construction and opeka- 
iion of the first plant to produce 
anhydrous hydrofluoric acid by 
a continuous process at the 
Imperial Smelting Corp., Avon- 
mouth. England, are de.scribed as 
a landmark in chemical history 
[Ind. Chem., 1948, 24 , 801). 
The anhydrous acid is for the 
first time transported in rail- 
tank cars. The plant is pro- 
ducing 6 tons of 80 per cent 
acid per dayr 

The major problem in the 
manufacture of anhydrous 


TABLE I - APPROXIMATE REFRACTIVE INDICES OF VARIOUS 

MIXTURES 


/XOBUTVI. 

Aroclor 

.XV'LENE 

Ref. index of finished 

HTHACRYl-ATl!; 

1242 

C.C. 

MOeNT 

POLYMER 

c.c. 



fim. 




18 


3U 

Between 1 • 41)5 and 1 • .500 

18 

:i 

27 

„ 1-41>5 and 1-500 

18 

« 

24 

„ , 1-505 .and 1-510 

18 

<) 

21 

„ 1-515 and 1-.520 

18 

12 

18 

,, 1-520 and 1-525 


TABLE II — DATA FOR PHOTOMICROGRAPHS OF FIBRES 


Fibre 

Ref. 

Mounting medium 

Kef. 

Visibility 

Cotton 

INDEX 

1-56 

Canada balsam 

INDEX 

1-54 

Poor 

Cotton 

l-.5« 

Formula with 0 c.c. .Aroclor 1242 

1 515-1 - .520 

(iood 

Cotton 

1 -.aO 

Formula with 3 c.c. .Aroclor 1242 

l-4i)5-l-5(M) 

(iood 

Acfetate 

1-48 

Formula with 3 c.c. Aroclor 1242 

1-495-1 5tM» 

Very 

rayon 

Wool 

1 -55 

Canada balsam 

1 54 

poor 

Poor 

Wool 

1 • 55 

F'ormula with 0 c.c. Aroclor 1242 

1- 515-1 -520 

(iood 

Wool 

1 • 55 

Formula with 3 c.c. Aroclor 1242 

1-495-1-.5UU 

Good 


hydrofluoric acid is corrosion, 
and the process is, therefore, of 
particular interest from the point 
of view of materials of construc- 
tion employed. At strengths of 
80 per cent or over of the acid, 
little difficulty is experienced 
from corrosive attack so that 
the .section of the plant in which 
acid at these high concentrations 
are handled can be constructed 
of mild steel. Below 80 per cent 
corrosion is very severe and it 
has been necessary to employ plas- 
tics in various forms of Karbate, 
a form of non-porous carbon. 

Fluorspar, a flotg^tion product 
of acid grade and mo^ ly passing 
— 200 mesh and analy.' ng to 97 0 
per cent CaFg, and less than 
1 per cent SiOg and CaCO^ and 
concentrated sulphuric acid are 
heated in a reaction kih at about 
430X. and the gas evolved is 
first absorbed in 80 per cent acid 
and subsequently^ in 60 and 30 
per cent acid. The reaction kiln 
is a cylindrical mild-steel struc- 
ture (6' dia. X 40' long), sup- 
ported on 2 steel tyres running 
on rollers and rotated at about 
1 r.p.m. All extraneous air is 
sealed ()fl from the kiln by means 
of pre.ssure oil seals. 

I'lie gas stream is washed in 
counter-current with sulphuric 
acid in the “drip acid tower” 
constructed of mild steel and 
then absorbed in 3 stages as 
described above. The absorp- 
tion towers are of mild steel 
and r)f the disc and plate type 
and are cork-lagged. The cir- 
culating acid is cooled by passing 
it through brine coolers of mild 
steel in the first stage of absorp- 
tion. The circulating acid is 
diluted in a bronze pot. The 
second absorption tower contain- 
ing 60 per cent acid comprises 
a Keebush tower, a circulating 
pump of Karbate and water 
cooler constructed of Karbate 
pipes. Keebush has been se- 
lected as the material for the 
tower, as it is capable of with- 
standing 70 to 75 per cent 
acid satisfactorily. The 30 per 
cent acid tower is similar to the 
60 per cent rme but is made of 
Plastimold. 

Anhydrous acifl is obtained by' 
distilling 80 per cent acid in a 
simple bubble-cap type di.stil- 
lation column of copper. The 
vapour stream is cooled in a 
mild-.stecl brine cooler and stored 
in mild-steel tanks. 

The anhydrous acid is delivered 
directly to rail cars (6-5 tons 
capacity ) and is effected by- 
means of compressed air. 



202 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 5 


For pipe lines Saran has been 
employed and in some cases 
polythene has shown consider- 
able promise. 60 and 30 per cent 
acids are stored in tanks lined 
with Neoprene. For the concen- 
trated acid, valves with phosphor 
bronze bodies and Ilium seats 
have proved adequate. A satis- 
factory pump-packing material 
has been the only difficulty so 
far. 

Measurement of 

Radioactive Isotopes 

The determination of the num- 
ber of radioactive atoms in a sam- 
ple of a radioactive isotopes has 
become a matter of importance, 
because of their expanding use 
in biological and medical studies, 
and in the clinical treatment of 
diseases. Uniform quantitative 
results can be obtained only by 
using procedures that will give 
the same result whenever the 
determination is made. The 
National Bureau of Standards, 
U.S.A., has, therefore, issued stan- 
dard samples of radio-isotopes 
whose radioactivity has been 
accurately determined and is 
planning to issue samples of 
additional radio-isotopes as they 
become available (J. Franklin 
Inst., 1948, 246, 419 ). 

. Two factors involved in the 
preparation and use of the 
samples are : (i) methods and 
standards that are correct in 
principle must be used ; and (ii) a 
reasonable degree of accuracy 
must be attained in all steps of 
the process both of producing 
and of using the standards. 

Most of the difficulties in mak- 
ing quantitative determinations 
of radio-isotopes can be elimi- 
nated if standard sources of the 
isotope are available. Such a 
standard source consists of a 
preparation of the isotope in a 
form convenient for use with 
the detector of radiation and for 
which the disintegration rate 
measured is the same as that 
from which the standard is 
made. Reliable results may be 
secured by observing only a few 
simple precautions. Isotopes 
which have short half-life periods 
and a known disintegration 
scheme may be measured with 
a fair accuracy by means of 
y-ray stan^lirds, if it is known 
that a y-ray or a positron is 
emitted for every disintegration, 
and if the maximum energies of 
y-ray specific of the standard 
and of the specimen are not too 
widely different. In the case 
of those isotopes foi^^hich a 


disintegration scheme is lacking, 
or for which the mode of disinte- 
gration does not permit measure- 
ment of disintegration rates,, an 
alternative method of comparing 
the activities of sources is 
available if the isotope emits 
y-rays. This method is, however, 
limited to comparisons of the 
same isotope. An ionization ins- 
trument properly designed to 
measure Roentengen units will 
satisfy the requirements for a 
standard instrument. To deter- 
mine the strength of a radioactive 
source the Roentengens per unit 
time must be measured at a 
standard distance. On the basis 
of these considerations, the 
Bureau scientists have proposed 
that the unit of time be 1 hr. 
and the distance 1 m., giving 
as a unit for comparison of 
y-ray sources the Roentengen 
per hour at a meter ( r.h.m. ). 

The name Rutherford {rd) has 
beefi proposed for that quantity 
of radio-isotope which disinte- 
grates at the rate of a million 
disintegrations per sec. This unit 
which is smaller than the Curie 
can be specified exactly and 
independently of natural cons- 
tants such as the rate of decay 
of radifim, which is the basis 
of the Curie. The Bureau has 
adopted an arbitrary value of 
3'7()bxlO^® disintegrations per 
sec. for the Curie when applied 
to isotopes other than the 
members of the radium family. 
The use of Rutherford in data 
presupposes that a disintegration 
rate has been measured and that 
this rate is expressed in disinte- 
grations per sec. This procedure 
removes all confusion regarding 
units and renders data from 
several laboratories comparable 
on an absolute basis. 

Radio- cardiography 

A NEW METHOD FOR STUDYING 

blood flow through the chambers 
of the heart has been developed 
by recording graphically the 
passage of radioactive substances 
through the cardiac chambers 
with the aid of a specially cons- 
tructed, ink-writing Geiger- 
Muller counter ( Science, 1948, 
108, 340 ) . The procedure makes 
possible the investigation in 
human beings of certain haemo- 
dynamic functions not previously 
accessible to study. 

The method consists in placing 
a carefully shielded Geiger-Muller 
counter over the pericardium, 
rapidly inj^ting OT to 0*2 me. 
of radio-sodium ( Na**) into one 
of the antecubital veins, and 


recording the counts by means 
of the newly devised direct- 
writing counter. Of the 2 waves 
recorded on the radio-cardiogram, 
the first wave relates to the 
entrance of the blood into 
superior Vena cava, right auricle 
and the right ventricle and the 
pulmonary circulation and the 
second wave represents the period 
during which the left cardiac 
chambers are being emptied of 
the labelled blood. 

The tracings taken in subjects 
with enlarged hearts and failure 
do not appear to differ materially 
from those in cardiac enlargement 
without failure. This observation 
arouses interesting speculation 
concerning the role of the heart 
in failure. Other observations 
of interest emerging from these 
studies are : the rate of venous 
return from a lower limb is much 
slower than that from an upper 
extremity, which helps to explain 
the greater tendency of venous 
thrombosis to develop in the 
lower extremities. The recording 
counter has also been used to 
estimate the time required for 
a substance to be absorbed 
from the side of a local infection ; 
in preliminary studies on con- 
genital heart disease ; and in 
revealing certain sources of error 
in the usual clinical methods of 
determining circulation time and 
provides a more accurate method 
of determination. 

Improved Seismic Method 

of Locating Oil 

An improved method of 
locating underground petroleum 
deposits has been reported by 
Dr. Thomas C. Poulter of the 
Institute of Inventive Research, 
San Antonio, Texas. The method 
employs “ shaped charges " of 
explosive compositions which are 
set off above the ground, thus 
eliminating the cost of drilling 
shot holes. The “ shaped charge " 
is based on the principle that if 
a hollow is made in an explosive 
cartridge on the side toward 
the object to be blasted, the 
effect is greatly increased. The 
method can be used in regions 
where boring would be exceed- 
ingly difficult as in mountainous 
country or in a search for oil 
under sea. 

Charges are . set close to the 
ground and spread in a hexagonal 
design. Depending upon the 
type of record sought, compara- 
tively light charges are placed 
from 5' to 85' apart and detonated 
simultaneously. The procedure 
may be used to produce an 
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essentially flat wave front of 
low amplitude over a relatively 
large area ( Science Newsletter. 
1948. Nov. 13, p. 307 ). 

Growth Factor in 

Coconut Milk 

The striking nutritional 
effect of coconut milk on the 
growth of explants of carrot 
root has been demonstrated both 
in liquid media and on nutrient 
agar {Science, 1948, 108 , 655). 
This nutritive fluid endosperm 
has already found application 
in the culture of bacteria, fungi, 
orchids and immature plant em- 
bryos. It has been claimed by 
a number of workers that it 
contains both a specific factor for 
plant embryo development and 
a thermo-stable general growth 
factor, probably indole-3-acetic 
acid. The evidence, accumulated 
so far, favours the presence of 
an unidentified active principle 
in coconut milk which can foster 
rapid growth of carrot cultures. 
Qualities which promote growth 
of carrot cultures can be demons- 
trated in heat-sterilized, filtered, 
water-clear preparations of 
coconut milk ( pH, 5-6-5*9 ) 
obtained from mature nuts. 
Other experiments have shown 
that 1 per cent by volume of 
coconut milk added to an other- 
wise complete organic and in- 
organic nutrient medium causes 
a marked increase in growth ; 
at about 15-20 per cent there 
is an optimum with marked 
decrease at higher concentrations. 
No growth occurs in coconut 
milk alone. In the presence 
of indole acetic acid alone a 
mean increase in weight observed 
was 8-2 mg. in 21 days and with 
added coconut milk a mean 
weight of 184 mg. was observed. 

The active principle of coconuti 
milk is not a constituent of the 
ash ; nor is it any of the other 
known growth factors : thiamin, 
niacin, pyridoxine and glycine. 
It seems also to be different 
from any of the normal consti- 
tuents of yeast, malt, tomato, 
carrot or liver extract when 
used at pH 5*6. Though coconut 
milk may contain indole acetic 
acid, it is clear that this is not 
the factor responsible for increased 
growth. The substance is stable 
to prolonged autoclaving and, 
since its activity decreases on 
dialysis, it has relatively small 
molecules. 

The work done so far point 
to much wider problems than 
those which merely affect growth. 


and the following points suggest 
themselves : 

(i) An outstanding difference 
between the carrot cultures which 
do not grow in the absence of 
coconut milk, or which sluggishly 
expand in the presence of 
indole acetic acid, and those 
which burst into very rapid 
growth must surely be in their 
ability to harness their respiratory 
energy in protein synthesis, salt 
and water uptake, i.e. to maintain 
the process in the cells which 
require the use of energy. It 
would be reasonable, therefore, 
to seek this coupling mechanism 
in some effect of the coconut 
milk which may promote not 
only carbohydrate breakdown, 
but also the linkage of respiratory 
energy to useful work ; (ii) the 
possibility exists, however, that 
the active principle in coconut 
milk is not peculiar to carrot 
tissue and is at least specific 
for cells which contain carote- 
noids. 

The literature on vitamin A 
also suggests a possible connec- 
tion between a constituent of 
the coconut milk and vitamin 
A or carotene. Apparently 
coconut milk, as a partial source 
of protein in the basal vitamin 
A deficient diet, causes the 
vitamin A to be more effectively 
used when it is supplied: It 
has been suggested that there 
is a factor in coconut milk which, 
combined with vitamin A, makes 
the vitamin more effective or 
which facilitates the transforma- 
tion of carotene to vitamin A. 

Geochemical Prospecting 

Among the newer methods of 
investigation to discover mineral 
deposits is the geochemical 
method which is being increas- 
ingly employed in Australia 
{Chem. Age. 1949, 60 , 163). 
Australia is particularly suited to 
such methods of investigation 
because the mature residual soils 
of parts of the country and 
possibly some non-residual soils 
are likely to contain geochemical 
anomalies in mineralized areas, 
such anomalies being related 
spatially and genitically to econ- 
omically important ores. It is 
likely that these methods will 
be most useful in areas where 
neither geological nor geophy- 
sical methods can indicate ore 
bodies. 

Most of the claims in this 
field have come from Russia 
where deposits of tungsten, 
molybdenum and tin were claimed 
to have been discovered by 


examining spectrographically 
soils up to 9' thick. A geoche- 
mical unit in U.S.A. is engaged 
in field, laboratory and green- 
house research, chiefly on copper 
and lead contents of soils, plants 
and waters in areas of known 
mineralization. 

The poorly “ dispersed ” ele- 
ments such as tin, lead, mercury, 
etc., may produce well-defined 
dispersion halos at no great dis- 
tance from their source, both in 
semi-arid and in humid environ- 
ments. The " dispersed ” ele- 
ments such as zinc, nickel and 
others may form large but poorly 
defined halos ; in areas c f ample 
rainfall these “ dispersed " ele- 
ments may travel long distances. 

Four methods are employed : 
(1) the soil samples arc tested 
by colour reactions to indicate 
abnormal concentrations ; (2) 

spectrographic analysis of soils, 
which has proved of limited 
value ; (3) the role of plants 
as guides to prospecting which 
takes into account the fact that 
certain plants grow best when 
there in a high concentration of 
a metal, and the accumulation 
by plants in their tissues of 
metals such as zinc, nickel, 
copper and cobalt in the leaves 
and lead and arsenic in roots ; 
the available experience in U.S.A. 
indicates that plants, in general, 
are not precise indicators of 
geochemical anomalies ; (4) test- 
ing of surface and ground waters 
in order to locate unusually 
high concentrations of heavy 
metals. The examination of 
water as a procedure of general 
exploration in a virgin country 
may be a great time-saver. 

A Rapid Laboratory 

Method for DDT 

DDT, AS prepared by the 
Bayer condensation method using 
chloral and fuming sulphuric 
acid, is expensive and requires 
complicated apparatus. Both 
chloral and fuming sulphuric acid 
are unpleasant and hazardous 
to handle, especially by inex- 
perienced workers and students. 
A short and simple method for 
preparing small quantities of 
DDT without the use of either 
chloral or fuming sulphuric acid 
has been worked out to overcome 
the above drawbacks ( Science, 
1948, 108 , 339). The entire 

process can be carried out within 
one laboratory period and has 
been used by graduate students 
taking courses in insecticides. 

The method is based on the 
theoretical reaction of 1 mole 
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of chloral hydrate and 2 moles 
of chlorobenzene ( sp. gr., 1107) 
in the presence of about 4 to 5 
times their combined volumes 
of concentrated sulphuric acid. 

17 gm. of chloral hydrate 
crystals and 23 c.c. of chloroben- 
zene are placed in a glass-stop- 
pered, 500 c.c. pyrex reagent 
flask and kept in an electric oven 
at 60°-70°C. for about 20-30 min. 
with occasional shaking or until 
all the crystals have dissolved. 
The contents arc cooled to room 
temperature and about 180 c.c. 
of concentrated sulphuric acid 
added, the flask stoppered and 
contents vigorously shaken until 
precipitation starts. This opera- 
tion requires about 1 hr. The 
contents are let stand for 15 min. 
with an occasional shaking or 
until precipitation is complete. 
The mixture is poured into a 
glass jar containing about 4 
litres of cold tap water and 
allowed to stand for 15 min, 
or until the solids have settled 
down. The precipitate is filtered 
through 3 layers of cheese cloth, 
washed several times with water 
and transferred to a glass jar or 
wide-mouthed bottle to which 
50 c.c. of either 2 per cent sodium 
carbonate or 4 per cent sodium 
bicarbonate solution are added 
to neutralize the acidity. The 
product is finally filtered over 
a Buchner and washed with 
distilled water until the filtrate 
is neutral to litmus. The re.sidue 
is triturated with 100 c.c. of 
ethanol in a mortar and pestle 
for abou^ 10 min. and filtered in 
a Buchner and dried in an electric 
oven at 70®-75"C. for about 2 hr. 
or until all the alcohol has 
volatilized. An average yield 
of about 16 gm. of pure DDT is 
obtained and analyse to an 
average of 96-82 per cent p,p'X>V)T 
with an m.p. ranging from 
106"-108X. 

Fluorine Substituted DDT 

Another insecticide, difluoro- 
diphenyl-trichloroethane (DFDT) , 
acompound obtained by substitut- 
ing 2 chlorine atoms in DDT by 
fluorine, has proved to be better 
than DDT in killing house flies 
and certain other insects. Ex- 
tensively employed in Germany 
during the war, the new insecti- 
cide is less toxic to warm-blooded 
animals and fish. Although it 
kills fewer insect species than 
DDT, it has quickef knock-down 
power against those it is effec- 
tive {Sci Newsletter, Jan. 1, 
1949, p. 9). 


Estimation of Rotenone 

A RAPID AND SIMPLE METHOD 

for evaluating the toxicity of 
derris roots is based bn the 
absorption of light by the toxic 
constituents of the roots dissolved 
in acetone and measuring it in 
a spectrophotometer at 360 ma 
(7. Agr. Res., 1948, 77, 271 ). 

The method is as follows : 
1 gm. of derris root, ground to 
pass an 80-mesh sieve, is taken 
in a 125 c.c. Erlenmeyer flask 
with 50 c.c. of purified acetone. 
The contents are swirled for a 
few seconds and set aside for 
1 hr. or longer with occasional 
shaking. The contents are cooled 
in an ice-box for 30 min. and 
then rapidly filtered taking 
every precaution to reduce the 
evaporation of the solvent. 
When the filtrate reaches room 
temperature, a 10 c.c. aliquot is 
made up to 100 c.c. in a volu- 
raetric flask using pure acetone. 
'I'he percentage of transmittance 
at 360 m(jL is measured in a 
spectrophotometer using pure 
acetone as reference solution. 
The rotenone equivalent is deter- 
mined from a standard curve 
prepared from transmittance 
values of 2 biologically assayed 
derris roots prepared as above. 

When acetone extracts of derris 
samples are adjusted to equal 
rotenone contents and the per- 
centage transmittance deter- 
mined, there is close agreement 
between the known content 
of other toxic constituents 
(rotenoids) and the transmittance 
values. Likewise, transmittance 
values of graded rotenone solution 
in acetone determined at 360 m|i 
follows the Beer's-Lambert law. 
The transmittance values of total 
acetone extracts of derris roots 
are in close agreement with the 
rotenone equivalents as deter- 
mined biologically on hou.se flies. 
Transmittance values of Loncho- 
carpus root do not correlate 
with the biological rotenone 
equivalent indicating that some 
of the toxic constituents in these 
roots are different from those 
in derris roots. 

Humidity Test Apparatus 

A " DIVIDED FLOW, LOW TEMPER- 
ature test apparatus", develop- 
ed at the National Bureau of 
Standards, now makes available 
an instrument for research, cali- 
bration and testing of hygrometers 
at temperatures below freezing 
( Franklin Inst., 1948, 246, 
421 ). The use in recent years 
of radiosondes for the meteoro- 


logical sounding of the atmosphere 
has created a marked need for 
information on the performance 
of the humidity-sensing element 
in the radiosonde under conditions 
of flight. 

7'he function of the humidity 
test apparatus is to produce 
air of known relative humidity 
at temperatures from O'’ to ~40"C. 
In this instrument, a current 
of dry air is divided into 2 streams, 
one of which is maintained dry 
while the other is saturated with 
respect to ice ; finally the two 
are recombined. A proportion- 
ing value divides the flow of 
moisture-free air in a known 
ratio. One part passes through 
a saturator, containing ice-trays 
till .saturated, then mixed in a 
mixing chamber with the other 
dry part and finally allowed to 
exhaust through a test chamber 
into the atmosphere. The satu- 
rator, mixing chamber and the 
test chamber are kept immersed 
in a constant temperature bath. 
The hygrometer to be tested is 
in.serted into the test chamber 
for testing. The overall perfor- 
mance of this apparatus has 
been established by a series of 
gravimetric moisture determina- 
tions. For the temperature range 
of 0 ’ to ~40X. and for air veloci- 
tie.s up to 1500' per min., this 
instrument produces air who.se 
relative humidity is known within 
3 per cent. 

While particularly suited for 
investigation and calibration of 
hygrometers, f)sychrometers and 
development apparatus at 
temperatures below O'C., this 
equipment may find further 
application in general re.search 
and te.sting where air of a known 
low dew-point or moisture content 
is de.sired. With such apparatus, 
devices placed in the test chamber 
can be subjected to discrete and 
almost instantaneous changes in 
relative humidity. It may also 
find useful application in refri- 
geration and air-conditioning 
industries. 

Flax Retting with Aeration 

The NORMAL FLAX RETTING 

process, which is anaerobic, gives 
rise to a large volume of polluting 
waste waters which present a 
serious disposal problem. In a 
factory with a capacity of 32 tons 
of flax straw per week, an average 
of 40,000 gal. a day of waste 
waters are discharged from the 
tanks which is equivalent to 
about 170,000 gal. of settled 
domestic sewage. Further, the 
disposal of waste waters from ret- 
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ting present far greater difficulty 
than would be encountered in 
the disposal of an equivalent 
volume of domestic sewage be- 
cause of their acid nature and the 
polluting matter is in colloidal 
dispersion and cannot be removed 
by simple sedimentation. Tech- 
nical Paper No. 10, published by 
the Water Pollution He search 
Laboratory, D.S.J.R., London 
( H.M.S.b., price 3';.), gives an 
account of the investigation, of 
whicli the final stage was the 
development of a new process 
in which the retting liquor is 
aerated during retting and re-used. 

The process may find appli- 
cation in the retting of other 
fibrous materials like jute, coir, 
etc. 

Tn laboratory-scale experi- 
ments, it was shown that the 
waste waters from anaerol)ic 
retting treatment could be treated 
economically to give an efriuent 
of a high quality. In small-scale 
experiments good results were 
obtained when successive batches 
of fiax were retted in the same 
liquor which was treated conti- 
nuously by passage through 
percolating filters or through a 
separate aeration tank or which 
was aerated in the retting tank 
itself (luring retting. The fibre 
produced by a/i the 3 methods 
was of good quality ; the method 
of using biological filtration pro- 
duced a fibre of a better quality 
than that from other processes, 
but the ar(‘a of filters required 
would be large. For a rettery 
with 4 tanks, each holding 4 tons 
of deseeded fiax, an area of 
about 4,050 sq. ft. of filters, 
6' deep, would be necessary. 

During all the stages of the 
work, bacteriological examina- 
tions were made of the retting 
liquor and of the fiax during 
retting, and much information 
on the bacteria responsible for 
retting was obtained. It was 
found that, when the liquor was 
aerated, bacterial growth resulted 
largely in the organic matter 
being oxidized away instead of 
being converted to acids as in 
the anaerobic process. Condi- 
tions in the fiax stems themselves, 
however, were still anaerobic 
and the organisms mainly res- 
ponsible for retting, even under 
conditions of considerable aera- 
tion, were found to be spore- 
forming anaerobes. 

A number of flax factories in 
England are operating plants 
employing retting with aeration. 
The tanks usually are 4 in 
number, of 4 tons capacity of 


deseeded flax each, rectangular 
and, in its internal dimensions, 
19' 8" long, 13' wide and 9' 3" 
deep. The top is open and is 
fitted with transverse cross beams 
8" apart to retain flax. On the 
flcjor are diffuse units through 
which air is bubbled through the 
retting liquor, and above are 
wooden grids on which flax 
is packed. Equipment for in- 
jecting steam to heat the liquid 
in the tank is provided. 

A storage tank is provided, 
a third more in capacity than 
that of the retting tank, into 
which liquor from the retting 
tanks can be run in. The heating 
here is by steam injection, 

Comprcs.sed air is supplied to 
the tanks by 2 compressors, 
each driven by a 6 h.p. electric 
motor and rated to deliver 100 
cu. ft. of air per min. against a 
pre.ssure of 4*5 lb. per sq. in. 
Each diffuser unit has a separate 
air pipe and the distribution of 
air can be adjusted by a vahe 
on each pipe. 

Before the start of a ret, water 
is run into the tank to a depth 
of about 6" above the diffuser 
plates, and the air supply is 
turned on and adjusted to give 
even distribution. Beets of de- 
scended flax are packed into the 
tank in 2 tiers. Fresh water, 
which has been heated in the 
storage tank to 30X., is run into 
the retting tank to within about 
3" of the top and the air supply 
is increa.sed during the filling 
to about 30 cu. ft. per min. The 
temperature of the liquor in 
the tank is maintained at about 
30"C. and warm fresh water or 
retting liquor is added during 
the ret to maintain the level of 
liquid in the tank. 

Retting is generally complete 
in 2 to 3 days at 30°C. Samples 
are withdrawn at frequent inter- 
vals after the first 24 hr. for 
examination ; when the fibre is 
found to be separating from the 
straw, samples should be with- 
drawn at least every hour for 
examination. 

When a ret is finished, the 
liquor is run off into the storage 
tank, leaving enough in the 
retting tank to cover the diffuser 
plates and retted flax removed. 
The retting tank is then packed 
with fresh straw, the liquor is 
pumped back from the storage 
and fresh water is added to make 
up the original amount. 

Samples of retting liquor are 
analysed 3 or 4 times a day for 
the acidity or alkalinity. If 
acidity increases, the air supply 


is increased ; if the liquor becomes 
alkaline, the air supply is reduced. 

Aeration should be maintained 
between rets so long as the diffuser 
plates are covered with retting 
liquor. At least once a week 
all liquor should be run off and 
the wooden grids removed .so 
that material depo.sited from the 
flax can be forked and hosed 
out. 

The bulletin has a useful 
chapter on review of literature 
on retting of flax and on the 
various aspects of retting and 
methods employed in .several 
countries. The 3 at pendices 
relate to bacteriologiciai investi- 
gations and methods of analysis. 

Continuous Steel-casting 

One oe the far-reaching 
developments in steel-casting, 
which promises to revolutionize 
the steel industry, is the conti- 
nuous steel-casting method 
developed by Prof. Sachs, Direc- 
tor, National Metallurgical 
Laboratory, prior to his coming 
to India, The new method dis- 
penses aw'ay with the reheating 
and rolling process of the conven- 
tional process and saves space 
and expense. 

In this proce.ss the steel is 
poured into an oval-shaped mould, 
where it starts to .solidify uni- 
formly and quickly. 'I'he steel 
flows from the mould through a 
sl(‘eve-like insulated chamber 
below the mould, which equalizes 
the temperature of the steel 
as it further hardens. As th(? 
metal is withdrawn, it is cut into 
billet-size length by an automatic 
oxy-acetylene torch. The steel, 
then in a semi-finished shape, 
is ready to be sent to the 
finishing mill. 

One of the most difficult tasks 
in the development of the process 
was finding the correct oval 
shape for the mould. By the use 
of zinc and aluminium alloys 
the behav iour of steel in the oval 
mould was modified and the 
correct mould shape facilitating 
the freezing of steel was deter- 
mined. 

Improved Baker Yeast 

A new process for the manu- 
facture of baker’s yeast, the 
Deloffre Alcohol Process, named 
after the inv^entor, promises to 
improv^e world’s yeast industry, 
according to a recent Australian 
report. The yeast, in this pro- 
cess, is made in one operation 
by inoculating a highly concen- 
trated solution with a culture of 
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pure yeast, which is then fermented 
to set up the required biological 
reactions under which yeast can 
absorb alcohol. 

The advantages of the process 
are many. Due to the high 
alcohol concentration in the fer- 
menting liquid, fermentation 
takes place under sterile condi- 
tions without any bacterial 
contamination. The manufac- 
turing process is simplified, the 
production cost cut by 30 per 
cent, yield increased by 20 to 25 
per cent, and the yeast produced 
has exceedingly high keeping 
qualities because high alcohol 
concentration reduces the protease 
content of yeast, and has better 
baking properties with substan- 
tially §|:eater leavening power. 

The entire process is automatic 
and a special feature of the plant 
is that the pipe lines conveying 
the materials are kept to a 
minimum length. 

Australia uses about 8,000,000 
lb. of yeast each year for baking 
purposes and 80 per cent of it 
is * produced by the Deloffre 
Alcohol Process ( Agricultural 
Newsletter, Australia ). 

New Varieties of Fish 

in Riband River 

An unknown species of fish 
and several other specimens of 
exceptional zooligical interest 
have been discovered in a fish 
survey of the Rihand river in 
the Mirzapur district ( U.P.) 
recently carried out by the 
Zoological Survey of India, 42 
varieties of fish were found in the 
neighbourhood of the site of 
Pipri dam. 16 of these are of 
economic importance, though all 
of them are edible. The South 
Indian Khudree Mahseer found 
in the river grows to a large 
size and may be found suitable 
for large-scale cultivation in the 
dam reservoir. The temperature 
is also likely to suit the culture 
of Indian carp. It is estimated 
that if scientifically stocked and 
judiciously exploited, the reser- 
voir may yield over 1,300,000 lb. 
of fish annually. 

Wind Power for Agriculture 

The Monthly Weather Review 
published by the Government of 
India shows average and normal 
wind velocity at 8 a.m. and 5 p.m. 
at hundreds of weather stations 
throughout the country. Un- 
fortunately these hours are 
unsatisfactory for measuring wind- 
mill possibilities, because wind 
velocity is then nq^ch less than 


during the other hours of the 
day. At Belgaum ( Bombay 
Province ), for which hourly data 
are available, the monthly ave- 
rages are 2 to 3 times as great as 
the average velocity at 8 a.m. and 
5 p.m. recorded in the Review. 
Nevertheless, these data give 
a rough indication of the places 
where more wind is obtained 
and months when winds are 
strongest. Possibly part of the 
seasonal variation is due to the 
fact that wind strengths are 
greater at an earlier hour and 
dies down at a later hour when 
days are longer. 

The normal wind velocities 
recorded at 3 stations in India 
( Table I ) give a fair idea of 
the wind velocities. 

The records at other stations 
show that India has enough wind 
power to operate certain types 
of American windmills almost 
everywhere except in the Gangetic 
plains. The best places for wind- 
mills are in the draught-stricken 
Saurashtra and almost anywhere 
between Karachi and southern 
Bombay province. To this should 
be added parts of coastal region 
along the Bay of Bengal and much 
of Deccan plateau and South 
India. 

A pamphlet published by the 
Director General of Observatories, 
Wind Data for Windmills, reports 
experiments conducted in Madras 


which shows that a steady breeze 
of about 6 miles an hour would 
keep a windmill in continuous 
operation pumping water from a 
depth of 25'. A 4-mile breeze 
at Coimbatore was shown to 
pump enough water for domes- 
tic purposes. 

In more detailed basic data 
available for 12 points in India 
with wind velocity recorded every 
hour, several other favourable 
factors are revealed ( Table II ). 
Wind velocity is greater dur- 
ing day-time when it is con- 
venient to irrigate the crops. 
There is generally more wind 
during the hot months preceding 
and at the beginning of the 
monsoon rains when it is most 
important to get the crops sown 
and growing, and there is scarcely 
a month without sufficient wind 
power not to justify a windmill 
except at Agra, Jubbulpore and 
Calcutta. 

The data show that in a year 
a windmill pumping water for 
2,000 hr. will be pumping water 
for more hours than a pair 
of bullocks do. A windmill of 
the American type described in 
the United States Department 
of Agriculture, Farmer’s Bulletin 
No. 1857 ( December 1940 ). costs 
just a little more than a pair of 
bullocks and can easily be worked 
on wind velocities of 4 to 6 miles 
an hour. A windmill pumping 


TABLE I NORMAL WIND VELOCITY ; MILES PER HR. 
AT 8 A.M. & 5 P.M. 


January 

Kajkot 

41 

6 7 

Bangalor 

5 1 

February 

4-S 

5 5 

4‘7 

March 

u-u 

5 7 

4-5 

April 

81 

t)-4 

4-3 

May 

11-3 

8-2 

5-5 

June 

IJ 7 

8-2 

8-2 

July 

12 0 

10- 1 

8-4 

August 

10- 2 

8-7 

7 3 

September 

7U 

(54 

5-8 

October 

4 2 

5« 

41 

November 

3tt 

«1 

4 4 

December 

30 

5-7 

4-8 


TABLE 11 


WINDY DAYS & HOURS DURING A YEAR 

{Avt;ragt! of 5 years ) 


Station 


Days with wind blow- 
ing AT LEAST 6 MILKS HER 


Hr. of wind blow- 
ing AT LEAST 7 



HR. FOR 10 HR. OR MORE 

MILES PER HR. 

Dhubri ( Assam ) 

91 

2,190 

Sagar Island ( Calcutta ) 
Calcutta ( Alipore ) 

2(53 

5,782 

40 

1,051 

Allahabad 

11(5 

2,(528 

Agra 

40 

1,139 

D^a ( Kajputaua ) 

22(5 

4,643 

Jubbulpore 

(59 

1,762 

Bombay 

228 

4,468 

Belgaum 

307 

6,182 

Bangalore 

248 

5,081 

Madras 

182 

3,767 

Kodaikanal 

212 

4,880 
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500 gallons a day per hour for 
13 hr. a day will deliver 2' of 
water to an acre of land within 
a week. 

The factory price of an Ameri- 
can 40' windmill tower in U.S.A. 
is about $150 and the price of a 
wheel and accessories range from 
$100 for the 6' size to about $300 
for a, 12' size. 

Too much should not be 
expected from wind power. If 
the required flow of water is 
over 400 cu. ft. per hr. or if the 
lift is much over 50', it is the 
electric power or fuel power 
that can do the job ( USIS ). 

Non-ferrous Metals 

Development Committee 

The Committee held its second 
meeting during the last week of 
January and, after reviewing the 
general overall position of the 
non-ferrous metallurgical indus- 
tries in the country, fixed the 
following target figures for the 
non-ferrous metals and alloys with 
the ultimate objective of attain- 
ing self-sufficiency in respect of 
semi-manufactured metals and 
alloys (Table below). 


A.:, regards white metal and 
copper-base alloy ingots and 
castings, it was stated that 
there was already adequate capa- 
city in the country to meet any 
demand including exports. 

To attain the above target fig- 
ures, the Committee recommend- 
ed to the Government the need 
to take immediate steps to have 
a comprehensive project about 
the setting up of an electrolytic 
copper refinery to treat copper- 
bearing scrap, as at the present 
moment India had to depend 
entirely on imports for her require- 
ments of electrolytic copper. 
This move is deemed essential not 
only on account of the strategic 
importance for the defence of 
the country but also for peace- 
time industrial development. 
The Committee also recommended 


the need for Government assis- 
tance for the development of the 
Zawar lead-zinc mines, and for 
the procurement of antimony ore 
to the smelter at Bombay, which 
had now to depend entirely 
on imported ore. India has 
ample resources for increasing 
aluminium production and, there- 
fore, the Committee emphasized 
the need to formulate a definite 
policy regarding this industry. 
But as any scheme of expansion 
badly needs finance, which at the 
present moment is difficult to 
raise, the Committee felt that it 
was most essential for the 
Government to create favourable 
conditions to encourage invest- 
ment in industry. 

Committee on 

Factory Data Reporting 

A SPECIAL COMMITTEE OF THE 
International Society of Suf^ ar- 
cane Technologists on uniformity 
in reporting factory data has 
been formed with the following 
members : Dr. F. W. Zerban (jNew 
York ), Chairman, and Messrs 
AlegandroS. Alvarex ( .Argentina ), 
Anibal R. de Matos, Hoao da 


Feiga Fromiga, Helio Morgan ti 
(Brazil), J. F. Williams, J. C. 
l)avies ( West Indies ), Mario A. 
Mascaro, Raul E. Daigo, Ceasar 
Forn, Julio C. Gonzalex Maiz, 
Rafael Pedrosa Puertas, Jaun 
C. Salines ( Cuba ), Y. T. Chou 
( Formosa ), W. L. McClerry 
( Hawaii ), P. Honig ( Java ), 
K. C. Banerji ( India ), A. G. 
Keller ( Lousiana ), Louis Baissae 
( Mauritius ), Jorge A. Aolano 
( Peru ), M. A. Del Valle ( Puerto 
Rico ), J. L. du Tiot ( South 
Africa ), and Walter Scott 
( Venezuela ). 

U,S. Technical Information 
Committee for Military 

Establishments 

The formation of a Special 
Committee on Technical Informa- 


tion to promote effective ex- 
change of research and develop- 
ment information among the 
departments of the National 
Military Establishment was 
announced recently by Dr. 
Vanevar Bush, Chairman of the 
Research and Development 
Board, National Military Estab- 
lishment, U.S.A. The Committee 
will study the problem of collect- 
ing, correlating, reproducing and 
disseminating technical informa- 
tion potentially useful in the 
research and development pro- 
gramme of the Natibnal Military 
Establishment. Study and ap- 
plication of new methods 
and techniques to the problem 
of technical information organi- 
zation and promotion of active 
research in this effort are to 
receive special attention by the 
group. 

Herbage & Fodder Plants 

Bulletin 39 of the Australian 
Commonwealth Bureau of Pastures 
Field Crops, entitled Five 
Hundred Varieties of Herbage and 
Fodder Plants { edited by M. Hall ; 
Price 18i. 9d.), is a descriptive 
catalogue of recognized species 
and varieties of fodder plants. 
Under each variety details are 
given of its origin, the authority 
responsible lor its development, 
its characteristics, adaptation, 
u.se and certification, together 
with notes on the market for seed. 
Species are arranged alphabetic- 
ally and varieties are grouped 
according to the country of origin 
or use. Australian species are 
covered bt'tter than that of other 
countries. 

The Bulletin will be of particular 
interest to persons concerned 
with the introduction and breed- 
ing of pasture plants and forage 
crops, and will also be a useful 
document for agriculturists and 
seedsmen who give advice on the 
choice of varieties for specific pur- 
poses. Copies of the publication 
can be had from the Liaison 
Officer, Commonwealth Agri- 
cultural Bureaux, 314 Albert 
Street, East Melbourne, C. 2, 
Australia ( J.C.S.I.R., 1948, 21, 
223 ). 

Wool Research, 1918-48 

The Wool Industries Research 
Association, Torridon Heading- 
ley, Leeds 6, England, proposes 
to publish a series of 11 volumes 
on wool research in which the 
results of 30 years of scientific 
investigation of wo61 and its pro- 
cessing have been incorporated 


Copper ( lire refnied ) 

b,U0U/7,000 

tons per year 

Copper (electrolytic, frojii copper base scrap) 

20,000 

,, ,, 

Copper sheets 

6,00(» 

f> n 

Brass sheets 

36,000 

M 

Copper and brass tubes and shapes 

5,000 

»» M 

Lead 

0,000 

»» f > 

.Antimony ( depending upon imported ore ) 

7,000 

.. J. 

.Aluiiiiniuni ingots 

15,000 

tons, short term target 

,, sheets 

50,000 

tons, long term target 
tons, short term target 

,, sheets 

10,000 


2r>,(KMl 

tons, long term target 

„ foil 

1 ,500 

tons per year 

„ powder 

1,000 

„ ,, 

„ wire and cables 

5,000 

,, ,, 

,, tubes and shapes 

2,000 

M 
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The first volume, published al- 
ready, is volume 4 on “ Card- 
ing " and will be followed by 
volumes 5 and 6 on " Combing 
and Tops " and “ Worsted Draw- 
ing and Spinning*' respectively. 
Volumes 5 and 6 are expected 
to be ready during this year. 

Grant for Calcutta University 

The Government of India 
have sanctioned a capital grant 
of Rs. 20 lakhs to the University 
in addition to the recurring 
grant of Rs. 219 lakhs every 
year. 

Announcements 

First International Congress of 
Biochemistry — A new section 
entitled “ Industrial Fermenta- 
tions ” has been included in the 
programme of the Coiigress to 
be held at Cambridge from 19th 
to 25 August 1949. 


among wool producers, exporters 
and manufacturers and others. 
Comments on the subject will 
be received till the end of May 
1949 by the Director,- Indian 
Standards Institution, Block 11, 
Old Secretariat, Delhi 2. 

The Central Board of Irrigation 
Medal — This medal has been 
instituted by the Board to en- 
courage research relating to, and 
the technique and development 
of, water resources of India and 
all devices and matters connected 
therewith. The medal will be 
awarded every year for an out- 
standing original contribution of 
the preceding year, and will 
be awarded at the annual meeting 
of the Board. The contribution 
may be in the form of a paper 
presented to the annual meeting 
of the Research Committee of the 
Central Board of Irrigation or 
to any other engineering institu- 
tion in India or may be an article 


published for the first time in 
the C.B.I. Journal or any other 
technical journal published in 
India. Applications for the 
award, accompanied with 5 copies 
of the paper or article, should 
be qid dressed to the Secretary, 
Central Board of Irrigation. 
Kennedy House, Simla 4, to reach 
him before March every year. 

Russian Technical &> Scientific 
Publications — The Research In- 
formation Service, 509 Fifth 
Avenue, New York 17, N.Y., 

have introduced a new and 
much-needed service by catalogu- 
ing and preparing translations 
of articles from current Russian 
technical and scientific publi- 
cations. The subjects dealt 
with are : petroleum, metallurgy, 
aeronautics, machinery, medicine 
and a few others. The publi- 
cations can be had from the 
publishers at the above address 
[Curv. Sci., 1949, 18, 53). 


Sir Ben Lockspeiser has been 
appointed Secretary, Department 
of Scientific & Industrial Re- 
search, Britain, in succession 
to Sir Edward Appleton. He 
will be taking up his new duties 
in May. 

Dr, C. V. Raman has been elected 
corresponding member of the 
French Academy of Sciences, 
Paris. 

Dr. Birbal Sahni, Director, Indian 
Institute of Paleobotany, has been 
elected honorary President of 
the 7th International Botanical 
Congress to be held at Stockholm 
in July 1950. 

Grading of Wool - The Indian 
Textile Division Council of the 
Indian Standards Institution has 
drawn up a Draft Indian Standard 
Specification for grading of wool 
for export. This has been done 
with a view to help the industry 
to grow on sound lines by stan- 
dardizing the various grades of 
exportable wool and to ensure 
that the exported product con- 
forms to those standards. The 
draft standard is being circulated 


ERRATA 


Vol. VIII, No. 3, Article: “Chemical Control 
for Power Alcohol Distilleries “ 


Page 91, R.H. col., item 8 : for “ 12 to 13 " reai “ \l " 

,, 92, R.H. col., item 20 : for ‘ Wash 1- Steam ~ Spent wash 

Equilibrium vapour — Wash -f- Steam - Equilibrium 
vapour” read “ Wash -1- Steam = Spent wash ~ 
Wash — Steam — Equilibrium vapour ” 

,, 93. L.H. col., item T : for ” gal. of .spirit ” read ” gal. of 

proof spirit ” 


93, L.H. col., item V : for 


Alcohol % wash (9) 
Po.ssible recov^ery (1) 


read 


Alcohol % wash (9) 
Molasses % wort (n)xsp. gr. (5) 


93, L.H. col., item IX : 

, Alcohol made (24) 

for — 


Distilled wash (17) X .\lcohol wash (9) 
Alcohol made (24) 


100 ’ 


read 


Distilled wash (17) x Alcohol % wash (9) 19.000 

93, R.H. col., item X : for ” gal. of spirit ” read ” gal. of proof 

spirit ” 

94, R.H. col., item (f) 5 : for “ md./gal. ” read ” lb. /gal.” 



Reports from 
States & Provinces 


BIHAR 


Mica Industry 

There are about 600 mica- 
mining centres in the mica belt 
of" the province. Out of these 
a 100 are worked by mechanical 
means and the rest by manual 
labour. The average depth in 
the mechanized mines is 200'-250' 
and the deepest ones range from 
600'-700'. The average depth of 
mines worked manually varies 
from 5'-50'. 

.\bout 15,000 labourers are 
employed in these mines and 
over a lakh are engaged in mica- 
processing factories. Mica-split- 
ting is carried on as a cottage 
industry, over a lakh of women 
providing almost all the labour. 
About 250 firms hold licence* 
under the Bihar Mica Act for 
mining and out of them 15 firms 
produce nearly 80 per cent of 
the total mica. 

There are over 2,500 licensed 
dealers in mica in the province, 
rile export of mica is in the 
hands of 60 exporting firms of 
wliich 8 are responsible for most 
of the export. The 2 biggest 
exporters of mica in Bihar are : 
Messrs Chatturam fforliraw Ltd., 
and iMessrs Chrestein Mica 
Industries Ltd., whose combined 
exports amount to over 50 per 
cent of the output. Th(i mica 
industry is the chief dollar earner 
for the country. Small holdings, 
large number of small exporters 
and absence of any standardiza- 
tion of mica for export purposes 
are some of the chief factors 
which hinder the proper organi- 
zation and expansion of the 
industry. 

Over 50 per cent of the mica 
exports during 1948 was for the 
American market. The mica ex- 
ports for 1948 are shown below : 

Variety Quantity Value 

Cwt. Rs. 

Block 8,497 64.30,626 

Splittings 1,63,426 4,44,07,669 

Ground and 

scrap 1,23,895 7,40,299 


The serious threat to this 
industry in the shape of synthetic 
mica can only be countered by 
putting the industry on a sound 
footing by introducing improved 
methods of mining, standardiza- 
tion of material for export, 
better marketing practices, and 
by providing training facilities 
and amenities for the labour 
employed in the industry. 
( Contrityiited ) 


WEST BENGAL 


Locomotive Factory 

The eoundation-stone of the 
first Indian locomotive factory 
was laid by the Minister for 
Railways and Transport during 
January at Mihijam in the 
Burdwan district. The factory, 
with an out-turn of 120 steam 
locomotives and 30 spare boilers 
annually, besides standardized 
spare parts, will be set up at a 
capital cost of Ks. 8,50,00,000. 
The workshop will cover an area 
of 3,000 acres and will be equipped 
with over 1,000 assembling and 
manufacturing machines. The 
total cost of machinerv will 
be about Rs. 3,00,00.000. Besides, 
the foundry, furnaces and minor 
machine tools will be obtained 
in India at a cost of Rs. 1,00,000. 
The Maithon Dam across river 
Barakar, six miles from Mihijam, 
will supply the necessary power 
for the factory, which is expected 
to go into production in January 
1950. Standardized locomotive 
parts will be produced during 
the first year. 


MADRAS 


Mineral Resources of 

Sandur State 

The State of Sandur near 
Bellary is reported to have rich 
deposits of iron and manganese, 
according to a recent survey by 
the Geological Survey of India. 


Smaller deposits of copper and 
gold are also reported. The 
extent of the deposits of iron and 
manganese ores are estimated at 
2*5 and 170 million tons res- 
pectively. The report recom- 
mends the installation of pilot 
plants for the production of 
cast iron and ferro-manganese 
steel. 

Cotton Growing 

The Indian Ceniial Cotton Com- 
mit tee has sanctioned a 5 -year 
scheme for improving the yields 
of cotton varieties gro* n in the 
province, viz, “ Northerns ”, 
” Westerns ”, ” Karunganni ”, 

and ” Cambodia ”, and for trying 
out ” Sea Island ” cotton in 
Malabar and South Kaiiara dis- 
tricts, This scheme is expected 
to result in an increase in the 
cotton acreage in the province 
by at least 1 lakh acres. The 
area under cotton is expected 
to increase further by 1952, when 
the Lower Bhavani Project is ex- 
pected to be complete. 


UNITED PROVINCES 


Sugarcane Development 

To IMPROVE THE YIELD PER ACRE 

of sugarcane in the factory 
zones of the province, the U.P. 
Ciovernrnent have inaugurated 
the Cane Dev(‘lopment Competi- 
tion Scheme which comes into 
force in the current cane season. 
The target is a minimum of 700 
md. per acre which has been 
proved to be within the moans 
of the average cultivator using 
approved methods of cultivation. 
The provincial Government has 
sanctioned a sum of Rs. 19,000 
for this purpose. 

I'he competition is held under 3 
categories : (1) .\mong the culti- 
vators — ” Cane Development 
Zonal Competition ” ; (2) among 
the cane development zones in 
a range — “ Inter- zonal Range 
Competition ” ; (3) among all the 
ranges in the province — ” Inter- 
range Provincial Competition ”. 

The province is divided into 4 
ranges, viz.: (1) Western Range ; 
(2) Rohilkhand Range ; (3) Central 
and Banaras Range ; and (4) 
Midcastern and Eastern Range. 
The varieties of cane recommend- 
ed for cultivation in these areas 
are: Co. 313. Co. 385, Co. 421. 
Co. 353. Co. 453. Co. S. 76. Co. 356, 
Co. 386. Co. 527. Co. 456. Co. 395. 
Co. 393, Co. S. 109 and Co. 370. 



INDIAN PATENTS 


The following is a list of Patent Applications notified as accepted 
in the Gazette of India, Part II, Section I, for March 1949. 


Inorganic Chemicals 

40400 Steinschlaegerl : Manufacture of carbon 
black : Crackifi^ carbonaceous material by 
mixing with ho! gas. 

37641. The National Smelting Co. Ltd. ; 
Removal of sulphur compounds from gases : 
Contacting the gases with alkaline earth metal 
carbonate on a large porous support at lOOX. 
to 850'C. ( Addition to No. 37640. ) 

38945. Seailles : Method of extracting alumina 
from bauxite or similar aluminous ores and 
simultaneously obtaining a t^^sidue available 
as ore rich in iron : Roasting bauxite with 
calcareous material, lixiviating ' r oasted product 
to extract alumina, mixing residue left from 
lixiviation with further bauxite and repeating 
the cycle till the residue reaches desired iron 
content. 

38947. Seailles: Improved method of extracting 
magnesia from aqueous solution containing 
magnesium salts decomposable by lime and 
alkalis : Reacting successively magnesium salts 
with lime and alkali. 

37623. Dorr Co. : Calcining lime-bearing sludges: 
Bringing solids and upflowing gaseous strmm 
into calcining chamber under condition of 
suspending the solids, and calcining them 
to yield nodules of lime. 

39691. De Directie Van De Staatsmijnen in 
Limburg : Method of manufacturing a com- 
pound fertilizer from an acid solution which 
contains fluorine as well as calcium and phos- 
phoric acid : Maintaining the />H of the medium 
of the neutralizing and vaporization processes 
between I'S and 2’5. 

39937. I.C.I. Ltd. : Improvements in ammonium 
nitrate compositions : Maintaining a mixture 
of ammonium nitrate and potassium nitrate 
between 32X. and 100°C. 

Organic CSiemicals 

40084. Stanolind Oil & Gas Co. : Process and 
catalyst for synthesis of hydrocarbons from 
carbon monoxide and hydrogen : Contacting 
hydrogen and carbon monoxide with fluidized 
iron catalysts. 

39213. Les Usines De Melle : Saccharification 
of amylaceous materials in acid medium : 
Through acid hydrolysis, neutralization, alco- 
holic fomentation and distillation, 

40072. N.V. De Bataafsche Petroleum Maats- 
cHAPPij : Method of producing ethyl alcohol ; 
Passing a mixture of ethylene and water vapour 
over a catalyst comprising of diatomaceous 
eai(th pellets soaked with phosphoric acid at 
high temperature. 


Food & Kindred Products 

37242. Ludin : Method of producing fat by means 
of micro-organisms : Cultivation of yeast on 
carbohydrates and the extraction of the fat 
produced by a solvent. 


Medical Research & Practice 

37328. Elderfielu & Head : Anti-malarials : 
Condensing 5, 6-dimethoxy~8-amino-quinoline 
with the hydrohalide of an alkylaminoalhyl 
halide. 

39032. Ortho Pharmaceutical Corp. : Production 
of compounds having vitamin A activity : 
Subjecting cyclohexene derivative to hydrogena- 
tion, dehydration and acid or alkali isomerization. 


Metals & Metal Products 

39636. Carnegie-Tllinois Steel Corp. : Electro- 
deposition of tin : Electrolyte comprising acid 
solution of tin with an addition agent consisting 

of monobutyUphenylphenol- sodium -mono sulpha - 
nate or of diphenyl-p-phenylene-diamine or 
both and a sulphohone of phenol, cresol, resor- 
cinol, or naphthol. 

38890. Carnegie-Tllinois Steel Corp, : Electro- 
lytic tin-plating baths and addition agents 
there for : Addition agent for tin-plating hath 
consists of a polymerized reaction products of 
aniline or toluidine ivith acetone or methyl 
ethyl ketone. 

39302. The Mond Nickel Co. Ltd. : Cast iron : 
Graphitic cast iron containing retained mag- 
nesium. 

39498. Chaudarv : Manufacture of metallic sheets, 
strips, rods and wires : Roller rotated in molten 
metal which adheres to roller as scale or sheet 
which is passed between two smooth rollers. 


Stone, Clay & Glass Products 

37338. Champman : Bricks : Protruding portion of 
one brick, adjacent a mortar -retaining recess, 
projects into the adjacent recess of another 
brick. 


Miacellaneoiis 

40513. Brake & Osborne : Improvements in 
the treatment of water for the purpose of 
reducing the effects due to hardness : Inducing 
electronic charges of high frequency from a valve 
oscillator having means for its frequency control. 



Defence Science Conference 


T he Defence Science Conference, 
organized by the Defence Ministry 
and inaugurated by Dr. S. S. Bhat- 
nagar on April 20 at Delhi in the 
unavoidable absence of the Defence Minister, 
was the first of its kind to be held in India. 
It was intended to stimulate interest in 
defence science among Indian scientists, and 
to bring together research workers in defence 
establishments, universities and civilian 
research institutions so that problems of 
mutual interest may be discussed and ideas 
exchanged. Its success was largely due to 
the awareness on the part of scientists that 
co-operation with Government’s plan for 
defence research would provide them oppor- 
tunities not only to make their contributions 
to national security but also expand the field 
of their professional activities. 

To appreciate the significance of the Con- 
ference, it would be useful to refer briefly 
to a few distinctive organizational features 
of scientific research in the Defence Depart- 
ment. Defence research has well-defined 
objectives and, therefore, lends itself to 
planning. It is essentially applied and 
developmental in character, and it caters 
to what Steelman* describes as an 
“ internal clientele In other words, 

research in this field is intended primarily to 
meet the specific needs of the Department 
under whose auspices it is carried out. In 
this respect it differs from agricultural or 
medical research which caters to an external 
clientele ”, that is, it meets the requirements, 
not of the sponsoring Department, but of the 
nation as a whole. If this feature of defence 
research is borne in mind, it will be clear that 
the agency which plans and guides research 
programmes should maintain intimate con- 
tact with the administration at the policy- 
making level, so that Service requirements 
may be precisely formulated and catered to. 

* Science & Public Policy, 1947, III, 40. 


The progress of applied or development work 
is dependent on knowledge revealed by basic 
or fundamental research, and significant 
results cannot be expected unless the frontiers 
of knowledge are deliberately and continu- 
ously widened. The Defence Department, 
keenly interested in the promotion of basic 
research, has to take steps to encourage such 
research activities in universities and civilian 
research centres where the ” climate ” for 
free inquiry and creative endeavour is 
favourable. In the United States of America, 
basic research in the Army is carried on 
largely outside the Department by contract, 
and applied and development work is the 
concern of the Technical Services and the 
Air Force. A similar distribution of research 
effort obtains in the United Kingdom. Thus, 
defence science is concerned with both basic 
and development research and the Defence 
Science Organization constitutes a bridge 
linking abstruse fundamental research at 
one end, and intensely specialized design, 
production, and proving work at the other. 
The Defence Department has a clear interest 
in the progress of research as a whole — in 
industry, the universities and in other 
Government Departments — and its mani- 
fest effort to enlist the understanding co- 
operation of the nations’ scientists is neces- 
sitated both by enlightened self-interest and 
national security. 

The need for sustained and adequate 
military research, and the need for increased 
emphasis on science in the training of officers 
for the Army, Navy and the Air Force have 
been widely recognized. Both these needs 
can be satisfied by securing a professional 
partnership between the officers of the 
Services and civilian scientists. Dr. Vannevar 
Bush, in his oft-quoted Report, Science — 
the Endless Frontier, points out how vital such 
partnership is for the promotion of national 
security, and stresses the need for a ‘"per- 
manent, independent, civilian-controlled 
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organization, having close liaison with the 
Army and Navy, but with funds drawn 
from the Congress and with the clear power 
to initiate military research which will 
supplement and strengthen that carried on 
directly under the control of the Army and 
the Navy The value of such an organi- 
zation was proved during the last war, and 
Dr. Vannevar Bush was called upon to direct 
the activities of the war-time Office of 
Scientific Research and Development. Civil- 
ian-controlled organizations were in opera- 
tion in several Allied countries during the 
war, and the integration of scientific and 
military thouglit secured thereby greatly 
influenced the course of the war. The view 
expressed by Vannevar Bush has the auth- 
ority of experience and achievement and 
has been widely accepted. 

Defence research, in any real sense, has yet 
to be initiated in India. Useful experience 
gained during the last war is, however, 
available. Development work started dur- 
ing the emergency when communications 
with Europe became difficult was concerned 
mostly with modifications of existing equip- 
ment and weapons to render them suitable 
for service conditions in India. Research 
was initiated on a small scale, and labora- 
tories were set up. The expansion of the 
Air Force and the Navy called for new^ 
facilities for designing and testing, and posed 
new problems for solution. The emergency 
organization was inadequate to meet the 
requirements ; it was necessary to shape it 
towards more enduring ends. Three years 
ago, the Government of India invited Dr. 
Wansborough-Jones, Scientific Adviser to 
the Army Council in the United Kingdom, 
to advise them on the setting up of a Defence 
Science Organization for India. More recent- 
ly, the Government sought the advice of 
Prof. P. M. S. Blackett and of Sir Ben 
Lockspeiser. Plans have been prepared and 


finalized, and a Defence Science Organization 
is beginning to take shape. In formulating 
its programme so that it may serve national 
interests effectively, a scientific approach 
is a desideratum. Science is required not 
merely to solve problems that are seJen to 
exist ; it is even more required to discover 
problems and to assess the order of their 
importance. Planning and programming de- 
mand scientific forethought and wise counsel, 
and in a matter so vital as national security, 
the understanding co-operation and collective 
wisdom of military and civilian personnel 
are essential. The organization of defence 
science in India is rendered particularly 
difficult on account of the overall paucity of 
scientific workers and meagre budgetary 
allotments. As pointed out by the Scientific 
Adviser to the Defence Ministry during the 
Conference, there is but one scientist for 
every 100,000 of the population, and the 
total research expenditure is hardly one- 
fiftieth of one per cent of the national income! 
Even so, the prospects for scientific develop- 
ment are bright in view of the country's 
prodigious, but yet untapped, resources both 
in talent and wealth, and the concerted 
measures which the Government, fully alive 
to the benefits of science, are taking to aug- 
ment the man-power and material require- 
ments for scientific research. There is 
enthusiasm among scientists to co-operate 
with Government in theif '|)lans for national 
security, an enthusiasm which was mani- 
fested in a clear manner ih the discussions 
and declarations during the 3-day Con- 
ference. By holding the Conference, the 
Defence Science Organization has not only 
assured itself of the co-operation of Indian 
scientists ; it has also succeeded in encourag- 
ing those fruitful contacts oiltside the “ offi- 
cial channels ” which provide the surest 
means of raising the morale and produc- 
tivity of working scientists. 



Third International Conference on Forestry & 
Timber Utilization for Asia & the Pacific 


T he Third International Forestry and 
Timber Utilization Conference for 
Asia and the Pacific, convened by 
the Food and Agricultural Organi- 
zation of the United Nations, was in- 
augurated by the Hon’ble Mr. Jairamdas 
Daulatram, Minister for Food and Agricul- 
ture, Government of India, on 28th March 
1949 at the Cheluvamba Mansions, Mysore. 
Delegates from Burma, Ceylon, France, 
India, Malay, Netherlands, New Zealand, 
Pakistan, Philippines, Siam and the United 
Kingdom attended the Conference. Obser- 
vers were present on behalf of Bhutan, 
Indonesia, Korea, Nepal, Portugal, UNESCO 
and SCAP (Japan). The Indian delega- 
tion was led by Sir T. Vijayaraghava- 
charya who was elected chairman of the 
Conference. 

Mr. Norris E. Dodd, Director-General of 
the FAO, in his message, dwelt on the 
inter-dependence of the well-being of the 
land and the community, while M. Marcel 
Lelorp, Director of Forestry, FAO, explained 
the magnitude of the problems they had to 
face in Asia and the machinery needed 
to translate the recommendations of the 
Conference. 

One immediate and concrete sequel to 
this Conference is the setting up of a regional 
forestry office at Bangkok with Dr. D. Y. 
Lin as its first Director. This office under- 
takes the collection and dissemination of 
information on all forestry matters between 
countries of Asia and the Pacific. 

The general scheme of work for the 
Conference was on the same lines followed in 
the two earlier regional conferences to assess 
the forest assets and liabilities of each 
region, to estimate the gap between supply 
and demands for forest product, discuss 
remedies and to set up machinery to imple- 
ment on a regional basis the recommendations 
of the Conference. 

The Conference, after critical discussion, 
adopted resolutions on the following subjects : 
(1) Forest Resources ; (2) Forest Policy ; 
(3) Soil Conservation ; (4) International 
Control in Erosion Control ; (5) Forestry and 
Weather ; (6) Control of Grazing ; (7) Roving 
Agriculture ; (8) Large-scale Afforestation 


and Reforestation ; (9) Domestic Needs ; 
(10) Increased Production; (11) Balancing 
Supplies and Demand ; (12) Distribution of 
Timber; (13) Standardization and Grading; 
(14) Forest Inventories ; (15) Enumeration 
Methods; (16) Minor Forest Products; 
(17) Statistics; (18) Research ; (19) /Exchange 
of Information ; (20) Dissemination of Infor- 
mation ; (21) Training and Education; 

and (22) Conservation of Wild Life. 

The recommendations of the Conference 
fall into two main categories, viz. the 
immediate needs and the long-term require- 
ments. While the Conference took note of 
the urgent issues raised by the former 
category and made valuable recommenda- 
tions to meet them, even more valuable 
was its contribution to the long-term 
rehabilitation and development of the forest 
resources of the region. So much so, the 
first resolution of the Conference deals with 
" the Importance of Forest Resources ", 
which reads as follows : " The Conference, 

recognizing that forests, as renewable, 
are essential to a country's agricultural life, 
industrial development, economic stability 
and national security ; 

recognizing also, that forests and forest 
products, both major and minor, are essential 
to the life of the rural and urban population ; 

calls the attention of the governments of 
all countries of the region to the need for 
dynamic policies for the conservation, devel- 
opment and utilization of forest resources 
according to the needs and possibilities of 
each country ; 

declares that any failure by governments 
to accord due recognition to the great value 
of forest resources will have disastrous 
consequences for the economy of the country, 
both rural and industrial ; 

urges governments to so manage their 
forests as to serve the rural and urban popu- 
lation and thus enlist the support of the 
masses for the implementation of a sound 
policy for the protection and development 
of forests ; 

recommends that the attention of the 
governments of the region be drawn to the 
desirability of giving a high priority in 
their national, financial and economic plans 
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to the claims of forestry and the improvement 
of harvesting facilities/' 

Forestry Commission for Asia — The Con- 
ference considered that the conservation of 
natural resources and the provision of 
domestic needs in fuel-wood, charcoal and 
timber were the two outstanding problems 
of immediate urgency in many countries 
of the region. Solutions for these problems 
had also long-term implications. Bold 
schemes of protection and reforestation of 
the head-waters of great rivers were needed 
as also projects to combat soil erosion, 
programmes of afforestation and measures to 
effect flood control. Only thus could pro- 
duction and agriculture be made secure, 
water supplies be safeguarded, and living 
conditions be ameliorated. The effort re- 
quired for these purposes has surpassed pure- 
ly local or national interests. An international 
approach was necessary. The Conference, 
therefore, recommended the establishment 
of a Forestry and Forest Products Com- 
mission for Asia and the Pacific consistuig of 
accredited representatives of all countries in 
the region, which should meet as ahd when 
necessary to co-ordinate matters of common 
interest to the region ; to examine particular 
problems in the fields of forestry and forest 
products, both of immediate urgency and 
long-term significance ; and^ make recom- 
mendations to governments through the 
Council of FAO, 

It recommended, further, that in order to 
organize the work of this Commission, the 
Director-General of FAO set up a forestry 
and forest products working group in the 
region, composed of staff members of the 
Organizations Division of Forestry and 
Forest Products. 

Of the other 23 resolutions passed by the 
Conference, 3 are of special importance to 
India. 

The Resolution III deals with soil erosion 
which is a menace to most countries, and 
recommends the setting up, in each country, 
of a central authority for the co-ordination in 
both planning and execution, of land utili- 
zation policies. In this country the area 


under forest is well below the safe minimum 
of about 25 to 30 per cent of the land area 
and it would be a short-sighted policy indeed 
if our effort at self-sufl6ciency in food should 
make inroads into our already inadequate 
forest areas — losing sight of the basic fact 
that forestry and agriculture are two differ- 
ent methods of utilizing the common capital 
of both, viz. the soil. 

Resolution XVIII makes recommenda- 
tions on the important subject of forest 
research. Attention was drawn to the 
fact that the existing research institutes, 
though well organized and well equipped, 
were extremely insufficient to serve the 
needs of the region and inadequately 
distributed geographically and there was 
lack of co-ordination of the research work 
carried out by different countries. India 
has, in the Forest Research Institute, Dehra 
Dun, one of the important forest research 
centres in this region, but it is not sufficient 
to cover even the needs of India. India’s 
offer to co-operate fully by placing her 
available research facilities and experience 
at the disposal of the member nations at the 
Conference was very much appreciated. 

The Indian delegation made positive 
contributions to the deliberations of the 
Conference on the subject of forest education 
which forms the subject-matter of Resolution 
XXI and which has a direct bearing on 
conditions prevailing in India at present. 
The facilities obtaining in India for forest 
education are good but grossly inadequate. 
The imperative need for trained foresters, 
forest training and research institutions 
and exchange of students and technicians 
was stressed. The type of specialist the 
country needs today is one with a grounding 
in the fundamentals of forestry and who 
is called upon not to manage forests but 
to run forest industries. The facilities for 
such specialized training are conspicuous by 
their almost total absence in India. One of 
the means suggested for achieving this is to 
provide a place for elementary forestry as a 
subject of liberal education in the curricula 
of universities. 



Characteristics of the Ionosphere 
over Calcutta ( March 1949 ) 


S. S. BARAL, R. K. MITRA, D. C. CHOUDHURY, 
(Miss) T. K. PAL & A. P. MITRA 

Wireless Laboratory, University College of Science, Calcutta 


T he following are the ionospheric data 
observed at Calcutta for the month 
of March 1949. The observations 
were made at each hour of the day 
for 5 days a week. 

Fig. 1 represents the mean hourly values 
of the virtual heights and critical frequencies 
of the F 2 layer and the critical frequency 
of the E layer in graphical form during the 
month of March 1949. The figure represents 
the mean of both normal and abnormal 
values. Fig. 2 gives the predictions of 
maximum usable frequencies which can be 
used for different distances of transmissions 
during June 1949 by reflection at the F 
region over Calcutta, based on the normal 
values of the data for March 1949. Table I 
gives the list of occasions when E region 



( 5 HOURS 54 MINUTES AHEAD OF G.M.T. ) 

Fig. I — March 1949. 


ionization was found to be abnormr and the 
corresponding penetration frequencies and 
heights. 



At point of reflection. 

Fig. 2 — Predicted M.U.F. for transmission 
VIA F, LAYER, June 1949. 


TABLE 1 


Month & 

Date 

Hot'R 

^ E 


VEAK 



s 

s 




Me. 

Km. 

March 194U 

1 

(U.60 

2-60 

95 



10.00 

4-70 

120 


2 

09.00 

410 

120 



10.00 

5 00 

120 



11.00 

5-70 

135 



17.00 

3 45 

120 



18.00 

3 30 

120 
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TABLE 

I — contd. 



Month & 

Date 

Hour 



YEAR 




s 




Me. 

Km. 

March 1949 

3 

i8.or» 

500 

135 



19.00 

4-2.5 

120 



20.00 

3-20 

120 



22.00 

3 00 

105 



23.00 

2-70 

105 


4 

00.00 

3-30 

105 



01 .00 

3-20 

105 



02.00 

3 00 

95 



03.00 

3-(K» 

95 



05. (M> 

2-85 

95 



16.(K) 

4-f«) 

120 



17.00 

4-25 

120 



18.00 

4 25 

120 


7 

19.00 

3-20 

120 



20.00 

3-50 

120 



22.00 

3 00 

120 



23.00 

2-70 

120 


8 

00.00 

3-20 

95 


10 

19.00 

3-50 

120 



2.3.00 

815 

120 


11 

00.00 

3 -.50 

120 



01.00 

2-65 

95 



02.00 

2-50 

95 



03. do 

2 55 

95 



04.00 

2 45 

95 


15 

22.00 

4-25 

120 



23.00 

4-(K) 

105 


T A B I# K I — coHtd, 


Month & 

Date 

Hour 

/"p 


YEAR 








Me. 

Km. 

March 1949 

- 16 

00.00 

3-00 

115 



01 .00 

2-00 

95 



03.00 

2-50 

95 



07.00 

3-55 

120 


22 

22.00 

2-70 

105 



23.00 

2-40 

105 


24 

18.00 

3-20 

120 



19.00 

3-20 

120 



20.00 

2-80 

105 



22.(M» 

2-60 

105 



23.00 

2-50 

105 


25 

22.00 

2-65 

105 



23.00 

2 45 

105 


26 

00.00 

2-20 

95 



01.00 

2-00 

95 


28 

18.00 

3-15 

120 



1 0.00 

2 • 85 

120 



20.00 

2 50 

105 



23.00 

2 • 85 

105 


29 

20.00 

2-70 

105 



2l.(K) 

2 • 50 

105 



22.00 

3-00 

105 



23.00 

3 • 00 

105 


Patents & Designs Bill in the U.K. 


The British Government has just pub- 
lished the Patents and Designs Bill, recently 
introduced in the House of Lords. The 
Bill seeks to improve the patent law and 
thereby stimulate scientific and technical 
development in industry. It proposes to 
implement a large number of recommenda- 
tions made by the expert committee, 
known as the Swan Cornmittee, set up five 
years ago. 

An important fea.ture of the Bill is the 
provision of remedies for the abuse of patent 
rights or insufficient use of patented inven- 
tions. These provisions are directed not 
only against notorious types of abuse such 
as deliberate suppression of patented 
inventions but also cover cases where an 
invention is not being worked to the fullest 
possible extent, or where an export market 
is not being supplied or the working of an- 
other patent is hindered by the refusal of the 


patentee to grant a licence on reasonable 
terms. Provision is also made for action 
by a Government Department in the public 
interest. There is no doubt that the Patents 
Enquiry Committee set up by the Govern- 
ment of India will carefully consider the 
feasibility of incorporating similar provi- 
sions in the Indian Patent Law. 

The Bill embodies numerous other pro- 
posals of reform among which, to mention 
only a few, may be noted the extension of 
the grounds of opposition to check the grant 
of worthless patents, direction of all appeals 
from the Controller’s decision to the Patent 
Appeals Tribunal, right of an exclusive 
licencee to take infringement proceedings in 
his own name and the manufacturer’s right 
to obtain a declaratory judgement to resolve 
doubts whether a particular manufacture 
which he proposes to undertake would 
infringe a specified patent. 





BIOS FINAL REPORT No. 1363 


German Dyestuff Industry* 

K. VENKATARAMAN 


' Continued from May issue ' 


APPENDIX 67 

2-Aminoanthraquinone 



In an autoclave ( 9 cu. m.) are introduced 
2-chloroanthraquinone ( 1,400 kg.), ammonia 
25 per cent (4,400 kg.), water ( 1,100 kg.) 
and arsenious acid 80 per cent ( 64 kg.). 
The autoclave is heated to 207°C. and a 
pressure of 45 atm. It is maintained 
at this temperature for 24 hr. At the 
end of the reaction the outlet valve 
is opened and ammonia absorbed in an 
absorbing vessel in the course of 8 hr. The 
gas is first passed through a Spitz cylinder, 
then 2 worm coolers and finally into an 
absorber in which water ( 500 1.) is placed. 
After the ammonia gas has been let off 
from the autoclave, it is filled with water 
( 2 cu. m.), and the contents filtered. The 
filter cake is washed with warm water until 
there is no ammonium chloride in the filtrate. 
The filter cake is then dried when the crude 
amine ( 1,260 kg.) of purity 88 per cent is 
obtained. The yield is 87 per cent of theory. 

APPENDIX 68 


formaldehyde .30 per cent (1*0 kg.) and 
Ludigol ( 0*375 kg. ) are heated ‘a an iron 
autoclave for 1 5 hr. at 88°-92®C. ^ pressure 
about 2 atm.). After cooling, the product 
is filtered, washed neutral with water and 
dried. Yield, 0*51 kg. of crude product. 

The crude product is purified by dissolv- 
ing in sulphuric acid, 96 per cent ( 5*0 kg. ). 
The sulphate is then precipitated with the 
addition of water ( 2*5 kg. ) in a dropwise 
manner at lOOX. After cooling, small 
needles of crystalline sulphate are filtered 
off and washed with sulphuric acid 58 per 
cent ( 2*0 kg. ). The sulphate is pasted with 
hot water and decomposed with ammonia, 
filtered and washed neutral with hot water. 
Yield 0*42 kg. of pyrimidine 84 per cent 
of 1 .* 4-diaminoanthraquinone used or 81 
per cent of theory. 

APPENDIX 69 

Indanthrene Yellow 7GK Powder 
( Crude ) 


CH 


N 


N 


II I 

cco 


KHCO 


O 


ct 


4-Amino-I : 9-Anthrapyrimidine 



1 : 4-Diaminoanthraquinone, sublimed ( 0 5 
kg.), ammonia 30 per cent ( I'O kg.), 


The above dyestuff is prepared by ben- 
zoylation of Pyrimidine AFS with ^-chloro- 
benzoyl chloride in nitrobenzene in pre- 
sence of acid-binding agents like pyridine. 

In an enamelled vessel provided with an 
agitator and an oil bath are introduced 
Pyrimidine AFS (60 kg.), nitrobenzene 
( 300 kg. ), pyridine ( 30 kg. ) and /)-chloro- 
benzoyl chloride ( 66 kg. ). The con- 
tents are heated to 125°-130°C. and main- 
tained at this temperature for 3 hr. The 


* The documents mentioned in the report are available for consultation at Technical Information 
and Document Unit, German Division,, Board of Trade, 40 Cadogan Square, London, S.W. 1. 
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benzoylation sets in at about 120®C. and 
finishes as a rule in 90 min. The contents 
of the vessel are maintained for a further 
2 hr. at 125®-! SOX. The vessel is allowed 
to cool without stirring and filtered. The 
filter cake is washed with nitrobenzene 
( 200 kg. ) till the filtrate is yellowish. The 
filter-pressed material is then freed from 
nitrobenzene and dried. From 60 kg. Pyri- 
midine, 90 kg. Indanthrene Yellow 7GK 
Powder ( crude ) are obtained, the yield 
being 91*2 per cent of theory. 

For obtaining the dyestuff in paste form, 
it is dissolved in sulphuric acid, 96 per cent, 
and reprecipitated. 


APPENDIX 72 


1-Nitroanthraquinone-2-Carboxylic 

Acid 


NO. 


COO 


coow 


l( 

o 


In an acid-resistant 22 cu. m. Vessel with 
lead stirrer is introduced a mixture of sul- 
phuric acid 96 per cent (2,200 kg.) and 
sulphuric acid 58°Be. ( 10,800 kg. ). To this 
is added 1 -nitro-2-methylanthraquinone 
calculated at 100 per cent ( 640 kg. ) in 2 
lots. A warm solution of sodium dichromate 
( l,JiO kg. ) in water ( 640 kg. ) at 50®C. is 
run in during 6 hr. The temperature is 
now raised in 6 hr. to 65 ®G. and the mix- 
ture heated at this temperature till no more 
of the carboxylic acid is formed ( 24 hr. ). 
At the end of this period, 10-15 per cent of 
unconverted nitromethylanthraquinone is 
present. Further oxidation serves no useful 
purpose as it takes a disproportionately 
long time. The reaction mixture is diluted 
with ice and water, cooled to 25®-30®C. and 
filter pressed. The filter cake is washed 
neutral to Congo paper with cold water. 

The crude product is stirred in an alkali- 
resistant vessel of capacity 20 cu. m., 
provided with a stirrer, with 15 cu. m. water 
at 80®C. At this temperature caustic alkali 
solution 40®Be ( 200-250 kg. ) diluted with 
the sarfie 'quantity of water is run in. The 
solution is tested with " Triacen paper 
till it does not become red. A further 
quantity of caustic alkali (5-10 kg. ) may 
be necessary. The mixture' is stirred for 
I hr. at 80®C., filtered hot and washed with 


warm water till the wash water does not 
contain the sodium salt of the desired acid. 
The filtrate and wash water are collected 
in .an acid-resistant vessel of capacity 
22 cu. m., and acidified with sulphuric acid, 
96 per cent, ( 80 kg. ) till the solution is 
acid to Congo paper. After brief stirring, 
the precipitated nitrocarboxylic acid is 
filtered, washed neutral with cold water 
and dried. Yield 560 kg. -- 90 per cent of 
theory. 

APPENDIX 74 

Indanthrene Blue RS 

In a 5 cu. m. cast-iron vessel with stir- 
rer are introduced 1,000 kg. caustic soda 
and caustic potash mixture of composition 
67-68 per cent potassium hydroxide and 
27-28 per cent sodium hydroxide and 200 
kg. water-free sodium acetate. Then, at 
180®C., in the course of 20 min., are intro- 
duced 500 kg. [i-aminoanthraquinone ( 86- 
87 per cent ) (= 436 kg. of p-aminoanthra- 
quinone calculated at 100 per cent) from 
an automatic balance. After the addition 
is over a mixture of 60 kg. sodium nitrate, 
40 kg. potassium hydroxide and 20 kg. sodium 
hydroxide, uniformly powdered, is introduced 
in the course of 2J hr. The temperature 
of the melt should not rise above 200®-225°C. 
It is then stirred for half an hour and sucked 
off into a cylindrical vessel, 16 cu. m. capa- 
city, containing 11 cu. m. of water at 40®C. 
The Indanthrene fusion vessel is then 
rinsed with 2 cu. m. of water. The tem- 
perature in the vessel rises to 60®-65°C., 
and it is cooled to 45°-48°C. in the course 
of 2 hr. by jacket cooling. It is then vatted 
by the addition of 750 kg. sodium hydro- 
sulphite (14-15 per cent) under stirring. 
After allowing to stand for 2 hr., it is fil- 
tered on a 36-plate filter press. It is then 
washed with 1,600 1. water at 25®-30X. and 
150 kg. sodium hydrosulphite ( 14-15 per 
cent ) and finally washed with water until 
the filtrate is not very blue but pale green. 
The filter cake is then blown out with air. 

The filter cake is then introduced into a 
rubber-lined 8 cu. m. oxidation vessel pro- 
vided with rapid stirring and containing 
about 1 cu. m. water and 20 kg. sodium hy- 
droxide, and oxidized at 60°C. for l|-2hr. 
2 lots (total about 490 kg. Indanthrene 
Blue RS calculated 100 per cent ) are then 
combined and sucked off into a lead-lined 
cast-iron vessel of 24 cu. m. capacity or in 
a 14 cu. m. lead vessel, both provided with 



June 1949 ] 


GERMAN DYESTUFF INDUSTRY 


219 


stirring ; for each double lot are placed in 
the vessel 4 cu. m. water at 60°C. and 160 kg. 
sulphuric acid 66°Be. The slightly acidic 
dyestuff is then filtered off in a wooden 
press, washed neutral and dried ( Indan- 
threne Blue RS Powder crude ), or filtered 
in a rubber-lined Imperial filter and washed 
neutral. 

The press cake thus obtained is reckoned 
as Indanthrene Blue RS, moist, calculated 
100 per cent. Yield per lot 245 kg. Indan- 
threne Blue RS moist, calculated 100 per 
cent 56 per cent of addition = 56*5 per cent 
of theory. 

For the production of Indanthrene Blue 
RSN, the above product is pasted with 10 
per cent Tamol solution and dried in 6-7 hr. 
The dried product is then finely powdered in 
a Raymond mill and mixed in a mixer with 
sodium carbonate and disodium phosphate 
and marketed as Indanthrene Blue RSN. 

APPENDIX 74a 

Indanthrene Blue BC 


O 



Indanthrene Blue RS is chlorinated in 
sulphuric acid (92 per cent), containing 
manganese dioxide, to the dichloro deri- 
vative of the azine. The filter-pressed 
material is then dissolved in oleum and 
reduced to dichloroindanthrone by the 
addition of anthracene disulphonic acid. 

In an iron vessel of capacity 3 2 cu. m. 
fitted with a rapidly revolving stirrer are 
introduced sulphuric acid ( 96 per cent ; 
3,500 kg. ) and Indanthrene Blue RS powder 
calculated at 100 per cent ( 350 kg. ), 
and stirred till a complete solution is 
obtained. Water ( 175 1. ) is now added 
in a thin stream, when the temperature 
rises to 50°-55°C. Finely powdered manga- 
nese dioxide ( about 90 per cent purity ; 
17 5 kg. ) is then added and the vessel closed. 
At 50‘^-55X. chlorine gas (210-230 kg.) 
is led in at an hourly rate of 15 kg. When 
the chlorine content of the product reaches 
to 13*7 per cent, the product is filter pressed 


and stirred with sulphuric acid 58°Be 
( 500 kg. ) and diluted with water ( 400 1. ). 
The sulphuric acid percentage of the mix- 
ture should not now go below 55°Be. The 
product after dilution has a strength of 
58°Be. After standing for 40 hr., the 
product is filter pressed and filter cake 
washed with sulphuric acid 58°Be ( 1 ,000 kg. ). 

The washed filter cake is now dissolved 
in a mixture of oleum ( 24 per cent ; 2,000 
kg. ) and sulphuric acid ( 96 per cent ; 500 kg. ) , 
the temperature not being allowed to rise 
above 350°C. Anthracene disulphonic acid 
( 50 kg. calculated at 100 per cei.t ) is now 
added and the temperature brought to 60°C. 
The mixture is kept till a test shows that 
the product is reduced ; time taken is 10 
hr. After cooling to 30°C., oleum ( 24 
per cent ; 300 kg. ) is added and the solution 
precipitated under stirring in a 15 cu. m. 
vessel with warm water at 50°-60®C. The 
dyestuff is filtered and washed neutral with 
warm water. About 370 kg. Indanthrene 
Blue BC calculated at 100 per cent is 
obtained. 


APPENDIX 75a 
4 : 4'-Dibenzanthronyl 



In a 3 cu. m. iron vessel provided with a 
stirrer are introduced pure isobutanol ( 385 
kg. 450 1. ), powdered caustic potash ( 90 
per cent ; 500 kg. ) and water-free sodium 
acetate ( 60 kg. ). It is heated by closed 
steam to 140°-145°C. in about 2 hr, when 
isobutanol distils over and is returned from 
the condenser. It is stirred at this tempera- 
ture for 1 hr. and cooled to about 100°C., 
when finely powdered sublimed benzan- 
throne ( 200 kg. ) is introduced in the course 
of 1 hr. By the addition of benzanthrone 
the reaction mixture becomes rather viscous, 
so that the number of revolutions of the 
stirrer is reduced to 15-20 r.p.m. ( Forset- 
Enor device ). The reaction is exothermic, 
so that towards the end of the addition of 
benzanthrone the inner temperature is'il2X. 
It is stirred at this temperature for 1 hr. 
Then isobutanol ( 100 kg. ) is added into the 
thick reaction mixture whereby the inner 
temperature falls to 105X., a»d the fusion 
mixture becomes thinner, so that the 
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reaction mass can be stirred at the full speed 
of the stirrer. The reaction mixture is 
now cooled to 90X. by water, cold water 
(1,000 1. ) added, and by further cooling the 
temperature brought to 25®-30°C. The 
reaction mixture is then stirred for 30 min., 
and the lower 30 per cent aqueous potas- 
sium hydroxide layer is run off. In the 
vessel there is a deep-green paste which is 
a suspension of leucodibenzanthronyl in 
isobutanol. It is diluted with 400 1. water, 
and a solution of 80 kg. bleaching liquor in 
600 1. water is run in, stirred for 30 min., 
and an azeotropic mixture of isobutanol 
with water is distilled over (inner temperature 
90®-92°C. ). This azeotropic mixture sepa- 
rates into 2 layers, the upper layer contain- 
ing 83 per cent isobutanol and the lower 
layer 5 per cent isobutanol. The lower 
watery layer is run into the vessel till the 
inner temperature rises to 101°-102°C. The 
light-green mass is sucked off into a 22 cu* m. 
diluting vessel in which are introduced 2 
cu. m. warm water. The vessel is rinsed with 
warm water and the diluting vessel filled 
with water to 8 cu. m., heated with open 
steam to 90'^-95T', and stirred at this tem- 
perature for 1 hr. It is then filtered through 
an iron filter press and washed with warm 
water. The pressed cake is dried under 
vacuum in an iron 3 cu. m. “ Venuleth 
Yield of dibenzanthronyl ( 82 per cent ) is 
200 kg. which is 82*3 per cent of theory. 


APPENDIX 75b 

2 : 2-DlHYDROXyDIBENZANTHRONE 



In a 3’2 cu. m. iron vessel provided with 
a stirrer are introduced 96 per cent sulphuric 
acid ( 2,000 kg. ), 75 per cent sulphuric acid 
( 2,500 . kg. ) and 4 : 4'-dibenzanthronyl 
100 per cent (155 kg. ). The mixture is 
stirred till the whole of the dibenzanthronyl 
is dissolved. After cooling to 15®C., pyro- 
lusite ( 192 kg. ) is added in 2-4 hr. in such 
a manner that two-thirds of it is added at 
15®-25°C. and a third at 25°-35X. through a 
5 mm. mesh sieve. It is kept at 35®C. for 
2 hr. and then filtered through an iron press. 

The pressed cake ( dihydroxydibenzan- 
throne and manganese sulphate plus 


matrix ) is stirred at ordinary temperature 
in an iron stirring vessel of 3*2 cu. m. capa- 
city with monohydrate ( 3,000 kg . ), till the 
dihydroxydibenzanthrone goes into solu- 
tion. It is filtered through 2 resistant, 
revolving filters,* each of 7 cu. m. capacity, 
and washed with 96 per cent sulphuric acid 
( 3,000 kg. ). The filtrate is diluted with 
water to 50®Be in a lead diluting vessel of 
capacity 10 cu. m., cooled to 50°C., and 
filtered. The pressed cake in 3 portions 
is stirred in a resistant stirring vessel of 24 
cu. m. capacity with water (15 cu. m. ), 
and bisulphite solution 38°Be (1,200 kg.) 
added. The mixture is boiled with open 
steam for 4 hr., filtered, washed neutral, and 
dried under vacuum at 130°C. Yield of 
dihydroxydibenzanthrone 100 per cent is 
161 kg. ( 98 per cent of theory ). 

APPENDIX 75c 

Indanthrene Brilliant Green FFB 
Powder ( Crude ) 


OMc meo 



In an enamelled pressure vessel of capa- 
city 3 cu. m. provided with a stirrer and an 
oil bath for heating is introduced trichloro- 
benzene (1,800 kg.). From another ves- 
sel provided with an agitator is introduced 
a suspension of caustic potash ( 200 kg. ; dry 
content 99 per cent ) in trichlorobenzene 
( 250 kg. ). The contents of the vessel are 
now heated to 180°-190°C. At this tempera- 
ture is introduced from another vessel a 
suspension of dihydroxydibenzanthrone ( 150 
kg. : calc. 100 per cent ) in trichlorobenzene 
( 300 kg. ). 

The vessel is now heated to boiling and 
maintained at this temperature for lJ-2 hr., 
when a mixture of trichlorobenzene and water 
( 120-150 kg. ) distils over. After cooling 
to 206°-208®C., methyl benzenesulphonate 
( 300 kg. ) is added in about 3 hr. in small 
lots. The contents of the vessel are now 
brought to the boil and maintained at this 
temperature for 3 hr. 

After cooling to about 180°C. the contents 
of the vessel are filtered off and the filter 
cake is washed with hot trichlorobenzene 
(1,000 kg.) at 180X. The filter cake is 
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freed from trichlorobenzene and dried. 
Indanthrene Brilliant Green FFB Powder 
( crude ) obtained is 141 kg., which is 94 per 
cent on the dihydroxydibenzanthrone used. 

The dye ( 300 kg. ) is made into paste 
form by dissolving in sulphuric acid ( 90 per 
cent ; 4,500 kg. ), immersing in cold water, 
filtering and washing neutral. 

Trichlorobenzene used in the above re- 
action is recovered, about 100 kg. being lost 
in each batch. 

APPENDIX 76 

Dibenzanthronyl Sulphide 




In a wrought iron autoclave of capacity 
4 cu. m. for 15 atm. pressure with an el- 
liptical iron stirrer and steam jacket, 1 ,420 kg. 
sodium sulphide solution 1 5 per cent 
( ^. 213 kg. sodium sulphide calculated 100 
per cent ) and finely powdered sulphur 
( 45 kg. ) are heated at 80°C. under stirring 
for 30 min. to bring the sulphur into solu- 
tion, then cooled to about 30°C., and the 
operation carried on without stirring. 

About 1,500-1,800 kg. bromobenzan throne 
press cake ( — 800 kg. bromobenzanthrone 
calculated 100 per cent) are added, while 
a week current of nitrogen is passed through. 
Now the autoclave is closed and to remove 
tlie air nitrogen at 1-5 atm. pressure is passed 
in and again released. Then the apparatus 
is filled with warm water up to 3-7 cu. m., 
closed again and the air once again displaced 
by introducing nitrogen. The mass is now 
heated to 135X., whereby a pressure of 
3*5-4 5 atm. is developed and stirred at 
this temperature for 40-50 hr. After cool- 
ing to 50X., the mass is pressed into a 
wrought iron 14 cu. m. capacity stirring ap- 
paratus provided with “ Balken ” stirrer, 
containing 2 cu. m. warm water. The 
diluted content is filled into 12 cu. m. with 
washing water. After the addition of 70 
kg. caustic soda 40°Be the product is 
filtered in an iron filter press, and washed 
to neutrality with warm water ( duration 
of washing is about 12 hr. ). The filtrate 
and the washing flow into a vat containing 
waste sulphuric acid. The pressed mass 


is dried in a vacuum drying cupboard with 
low pressure steam. Yield, 648 kg. of 
dibenzanthronyl sulphide dried = 102-2 per 
cent of theory. 


APPENDIX 77 

Isodibenzanthrone 



In a 3 cu. m. iron stirring vessel of capacity 
3 cu. m. provided with a steam jacket are 
introduced isobutanol (600 kg. ^ 750 1. ) 
and powdered caustic potash ( 90 per cent ; 
300 kg. ). These are heated to boiling 
and maintained under reflux for 1 hr. ( inner 
temperature about 140X. ). After cooling 
to about 70X., finely powdered dibenzan- 
thronyl sulphide ( 200 kg. ) is introduced 
under stirring. The reaction mixture which 
is now at 60°C. is heated to 126°-128X. 
whereby the alcohol begins to reflux. After 
about 2 hr. the reaction is complete. 

A fusion sample diluted with water and 
vatted with hydrosulphite and alkali gives 
only a little dark filter residue. A yellow 
filter residue, which gives a blue solution 
with concentrated sulphuric acid and like- 
wise a yellow outflow of filtrate from the 
filter, shows the presence of dibenzanthronyl 
sulphide. 

When the correct test is obtained, pure 
isobutanol (100 1. ) is pumped into the 
melt, cooled to 100°C., and water or water 
separated during isobutanol recovery ( 100 
1. ) added, whereby the temperature falls 
to fiO'X. Then an azeotropic mixture of 
isobutanol and water is distilled over by 
heating the mixture to 90°-92X., the lower 
watery layer of dilute isobutanol ( 5 per 
cent ) being run back till the inner tempera- 
ture is 101°-102X. The dark- violet melt 
is introduced into a rubber-lined 14 cu. m. 
diluting vessel in which 8 cu. m. of water 
are placed, any substance remaining in the 
vessel being rinsed with water into the 
diluting vessel. This is heated with open 
steam to 95°-100X., maintained at this 
temperature for I hr., and air blown through 
it without heating for 8 hr. The oxidation 
is complete when a sample on filtration 
does not give a red-violet fikrate. By the 
addition of cold water the temperature is 
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brought to 60®C., filtered through an iron 
press and washed well with warm water. 
The filter-pressed material is dried in an 
iron ** Venuleth under vacuum. Yield 
about 187 kg. of about 80 per cent isovio- 
lanthrone ( 80*6 per cent of theory ). 

The watery isobutanol containing about 
18 per cent by weight of water is recovered 
in a fractionating column. About 6 per 
cent of isobutanol is lost in the process. 

APPENDIX 79 

Dianthraquinonyl Phthalide Powder 
( Crude ) 



It is prepared in 2 stages. In the first 
stage l-chloro-2-aminoanthraquinone is con- 
densed with phthalic anhydride in presence 
of ferric chloride, when water is split off, 
and l-chloro-2-phthalimidoanthraquinone is 
formed. In the second stage 2 molecules 
of l-chloro-2-phthalimidoanthraquinone are 
linked together by the action of metallic 
copper. 

Details of Process : First Stage — In an iron 
1-5 cu. m. pressure kettle, provided with 
stirrer and oil bath, is introduced first 170 
kg. trichlorobenzene and, under stirring. 
233 kg. l-chloro-2-aminoanthraquinone 90 
per cent ( 200 kg. at 100 per cent ), followed 
by 132 kg. distilled phthalic anhydride and 
44 kg. sublimed ferric chloride. The kettle 
contents are heated for 5-6 hr. at 215°- 
220°C. inner temperature, and for 1 hr. 
at 220°-230°C., whereby water and trichloro- 
benzene are distilled off. To facilitate 
the removal of water, a feeble stream of 
nitrogen is sucked through the kettle. After 
the attainment of 220°C. inner temperature, 
a minimum of 90-100 kg. of the mixture 
•should be distilled ( controlled ' through 
weighing ). The melt is held at 230X. 
for 5 hr. and cooled down to 100°C. 

Second Stage — The melt, is diluted with 
300 kg. trichlorobenzene and heated again 
to boiling temperature ( 217°-220°C. ) and 


held for 3 hr. at the boil, during which a 
slow stream of nitrogen is maintained through 
the kettle. Water distils over mixed with 
trichlorobenzene such that in the stated 
time 100 kg. mixture are collected. The 
kettle is cooled down to 200°C. and by hand 
within 1 hr. are introduced 88 kg. copper 
powder. The mixture is heated to boiling 
temperature and maintained for 4 hr. 
Then the hot melt is diluted with 600 kg. 
trichlorobenzene, the kettle cooled to 130°C., 
and the product filtered in a closed filter 
press. The filter cake is washed with 
700 kg. trichlorobenzene, and then dried 
in the Venuleth. Yield, about 459 kg. 
dianthraquinonylphthalide powder crude 48 
per cent — 220 kg. calculated 100 per cent. 

APPENDIX 82 

Indanthrene Red RK Powder 
( Crude ) 

O 


II 



l-Nitroanthraquinone-2-carboxylic acid is 
heated in o-dichlorobenzene with p-naph- 
thylamine in presence of arsenic trichloride 
to give 1 -p -napht hylaminoanthraquinone- 
2-carboxylic acid, and this is cyclized by 
heating to boiling. 

In an enamelled vessel of capacity 3 cu. m. 
fitted with a stirrer and an oil bath are 
introduced o-dichlorobenzene ( 3,000 kg. ), 
nitrocarboxylic acid ( calc. 100 per cent ; 
150 kg. ), p -napht hylainine ( 162 kg. ) and 
arsenic trichloride ( 33 kg. ). Under stirring 
the temperature is raised to boiling in about 
4 hr. ( oil bath temperature about 235°C. ). 
After about 3 hr., when the inner tempera- 
ture is 155°C., the distillate is collected in 
a vessel of capacity 3 cu. m. in which a 
solution of caustic soda ( 20 kg. ) in water 
(800 1.) is placed. When the inner tem- 
perature reaches 181 °C., about 500 kg. of 
distillate is collected. The reaction mixture 
is now kept vigorously boiling ( inner tem- 
perature 184°C. ) for 3 hr., in which period 
for every 30 min. about 300 kg. of distillate 
are collected. The total distillate collected 
in 6 hr. is 1,800 kg. The reaction mixture 
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is then maintained for a further 4 hr. under 
slow boiling so that a very small quantity 
of distillate passes over ( oil bath tempera- 
ture about 205°-210°C., inner temperature 
183°C. ). The contents are now allowed to 
cool without stirring, blown into a filter 
press, and the filter cake is washed with 
o-dichlorobenzene ( 1,500 kg. ). The filter 
cake is then freed from o-dichlorobenzene 
with steam, and dried. 

The solvent is recovered from the distillate 
by separating from the aqueous sodium 
arsenate solution, and distilled in a vacuum 
pan with addition of soda ( 35 kg. ). The 
dichlorobenzene lye from the filter press 
is treated with a third of its weight of con- 
centrated sulphuric acid, stirred, and then 
with the addition of soda ( 1 2 kg. ) distilled 
in a vacuum pan. Yield 15T5 kg. of 
Indanthrene RK Powder Crude calculated 
100 per cent. The dyestuff is converted 
into a paste by dissolving in sulphuric 
acid ( 96 per cent ), and precipitat- 
ing with water. 

APPENDIX 83 

Indanthrene Olive Green B ho 
( Paste ) ^ 



heated for 1 hr. more and then in 2 hr. iso- 
butanol is distilled off. Cold water ( 700 1. ) 
is now added and the inner temperature 
brought to 80°C. Isobutanol is now steam 
distilled for about 6 hr. The reaction 
mixture is then diluted with water, blown 
out with air, filtered at 60°C. and washed 
acid free. Yield of Olive Green B 100 
per cent is 200 kg. About 85 per cent of 
isobutanol used is recovered. 

APPENDIX 91 

Nitrazol CF Extra ( PNA-QS = Boro- 

FLITORIDE ) 

Oj«<Q,K=-N 

//-Nitrophenyldiazonium borofluortpe 

Diazotization — 

2 3Hcl + NaN02= [ J +0-3Hcl + NaCI + 2H20 
IMOjj, 



In a small diazo- 
tization vessel are 
introduced 32*5 1. 

water, 35 kg. ice and 
203 kg. hydrochloric 
acid 30 per cent 
( 60*8 kg. 100 per 

cent ). To this, 22*5 
per cent hydrochloric 
acid is added in about 
3 hr., a mixture of 
100 kg. ^-nitraniline 


3-Benzanthronyl - 1 -anthraquinonylamine 
(I) obtained by the condensation of 3-bromo- 
benzanthrone with a-aminoanthraquinone 
is cyclized in isobutanolic potash to give 
the above dyestuff. 

In a vessel of capacity 3 cu. m. provided 
with a stirrer and a steam jacket are intro- 
duced isobutyl alcohol pure ( 1,000 kg. ) and 
caustic potash 90 per cent (150 kg.). 
By heating under stirring the temperature 
of the mixture is raised to boiling, and 
powdered (I) ( 200 kg. ) is added together 
with isobutanol 200 kg. in about 30 min. 
In about an hour’s time the reaction sets 
in which is shown by the thickening of 
the mixture. The contents of the vessel are 


100 per cent and 52*5 
kg. sodium nitrite 100 per cent ( 5 per cent 
excess of the theoretically required amount ). 
The temperature is maintained at 5°-10°C. 
The time for diazotization is 2i-3 hr. The 
mixture must always show the presence of 
nitrite and acid ( direct test ), and it is 
finally stirred for 2 hr. to complete the 
reaction, then cooled to 0°C. Then 
are introduced 1 kg. carboraffin dry 
and, after 10 min., 2 kg. kieselguhr. After 
stirring for 10 min. at OX., the mixture 
( 360 1. ) is filtered, and the residue washed 
with 35 1. water. 

Separation of Diazonium Borofluoride — 
In the clear diazo solution are intro- 
duced 83 kg. borax la refined powder 



224 


JOURNAL OF SCIENTIFIC 


& INDUSTRIAL RESEARCH [ Vol. VIII, No. 



+0-25 ( N»2B407, IOHzO ) +4HF 



4- 5HCI+0-5NaCI+4H2O 


NOg 


( = theoretical 4- 20 per cent ) and 69*9 kg. 
hydrofluoric acid 100 per cent ( = theoreti- 
cal+20 per cent ) in 3 aliquots. The two are 
added alternately, beginning with borax, 
which, for the purpose of solution, is stirred 
for half an hour whereby the reaction 
remains acid. Before the hydrofluoric por- 
tion is run in, it is cooled to OX. After 
the addition of the last portion of hydro- 
fluoric acid, the mixture is stirred for 2 hr., 
and cooled to 0°C. The volume is now 
500 1. The precipitate is then filtered, 
washed with 37*5 kg. ice water and centri- 
fuged. Yield, moist, 178 kg. 

Mixing & Drying — The ^entrifuged dia- 
zonium salt is mixed with dehydrated 
Glauber’s salt in the ratio of 2 : 1 , and dried 
at 40°-45X. for 36 hr. 

Standardization — The standardization is 
carried out with alumina 23 per cent, and 
the balance with Glauber's salt and vacuum 
salt, so that the concentration corresponds 
to 22*5 per cent of the Fast Base. Yield is 
95-96 per cent. In a small diazotization 
system, 300 kg. base 100 per cent can be 
handled. 

APPENDIX 95 

Fast Black Salt G (ESG — DS) 

^ He 

06 t 


stirring 100 kg. diaminodiphenylamine sul- 
phate moist 100 per cent ( 222 kg., purity 
45 per cent), followed by 186 kg. calcium 
chloride lye ( 30 per cent by weight — 55*8 
kg. 100 per cent ). Hereby separates coarse 
crystalline calcium sulphate. At the end of 
the addition, the mixture is cooled to room 
temperature, under stirring, 184 kg. hydro- 
chloric acid 30 per cent ( — 55*2 kg. 100 per 
cent ) are added, and cooled to 20°C. by 
brine. For the diazotization, the mixture is 
cooled to 0°C. by adding 447 kg. ice. At 
the beginning of the diazotization, about 
25 1. of the base suspension are withdrawn. 
The total acidity reaches to : 1 ,000 kg. 
added water, 130*2 kg. water from calcium 
chloride solution, 73 kg. water from the 
base sulphate moist, 184 kg. hydrochloric 
acid, and 446*8 kg. ice water ; the result 
being 1,834 kg. diluted hydrochloric acid of 
3 per cent by weight. Here the sulphuric 
acid is not calculated as sulphate of the 
base. Then, under brine cooling, diazotiza- 
tion is carried out with 133*2 1. sodium 
nitrite solution 52*1 vol. per cent = 69*4 kg. 
100 per cent == theory, diluted with 213 1. 
water ( i.e. with 346*2 1. sodium nitrite solu- 
tion 20 vol. per cent ). The diazotizatiop 
time is about 60 min. and the temperature 
0°-10X. The speed of diazotization is at 
first quick, and is then slow. Test 
for nitrite. The diazotization is 
complete when the test shows a 
Clif ZnCIi yellow stain. No large nitrite 
excess is permitted, and any 
excess is now removed with the 


“CD*"”® 


withdrawn sulphate of the base 
( 25 1. ). Finally, some 
nitrite solution is added 

H2S04+CaCl2+3HCI+2NaN02 = that there is a slight 

excess of nitrite. The 
volume of the diazo 


(i> 


"O 


NgCt +CaS04+2NaCI+4H20+HGI 


solution with foam = 
2,600 1. This is filtered, 
and the filter washed 
with 2 X 250 1. water. 
The volume of filtered 


1. Tetrazotizaiion of p : p' — diamino- diazo solution = 2,600 1. 
di^henylamine Sulphate ~ In the large pre- 2. Preparation of Amino-p-cresol Ethyl 
warmed diazotization vessel are introduced Ether ( “ KresaminathyV ) — In the dissolv- 
1,000 1. wat^il* at 80X., and, then, under ing vessel are introduced 500 1. water at 
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O"' 


+ IIHCI 


OEt 

H< 

(n) 


70''-80°C., and without stirring, 77 8 kg. 
Kresaminathyl 100 per cent ( = 78*4 kg. of 
purity 99*2 per cent theory + 2*5 per 
cent ). After about 20 min. the Kresamin- 
athyl liquefies. Now are run in under 
stirring 69 kg. hydrochloric acid 30 per cent 
( “ 20*7 kg. 100 per cent ™ theory -f 2*5 
per cent ). The base goes completely in 
solution. Carboraffin dry ( 1 kg. ) is added, 
stirred for 15 min., diluted with 5001. water, 
and the mixture filter pressed. The vessel 
and press are rinsed with 300 1. water. The 
volume of solution, now in the coupling 
vat, is made up to 2,950 1. at 5°-10T. by 
about 1,000 1. water and about 500 kg. ice. 




MO/ 


3. Coupling to form ^IH 

the Intermediate Pro- 
duct — The tetrazotized i 

solution is, under stir- 
ring, introduced into 
the coupling vat. Time \ — < 

of addition is 15 min. Ott 

and coupling tempera- 
ture 5M0X. Thediazo 
vessel is rinsed with lOO 1. water. 


for half an hour. Volume with 
foam ~ 6,500 1. Now the inter- 
-fO lHCI mediate substance is collected in 
the filter press, and the coupling 
vat rinsed with about 1,000 1. 
mother liquor. The press is then 
blown dry. 

4. Preparation of Sodium Acetate Solu- 

tion — For 100 kg. diaminodiphenylamine 
sulphate 100 per cent are employed 213 kg. 
sodium acetate crystals dissolved in 600 1. 
water at 35°-40°C. under stirring, whereby 
all goes into solution and the temperature 
is 5°-10°C. The v^olume is now 7.^5 1., and 
this sodium acetate solution is run in as 
described in (3). The dissolving vessel, 
after the removal of acetate solution, is 

rinsed with 50 1. water. 

5. Diazotization of Intermediate Substan- 
ces (III) — The intermediate substance ( III ) 
is removed from the filter press and suspen- 
ded in the coupling vat with about 5,000 1. 

water at 30X. The 
volume is made up 
/ — \ to 6,000 1. at 23X. 

yNH\ yNpCt Then are added 

— / ' — ^ 123 kg. hydrochloric 

acid 30 per cent 
. ( = 36-7 kg. 100 

s. / per cent). After 

stirring for half an 


Cm) 


NaN02 




-f2HCI + NaCI-(-2H20 


Civ) 


hour, diazotization is effected with 69*9 1. 


coupling is feeble at the beginning, and in 
order to quicken the coupling, sodium 
acetate solution is run in under the surface 
of the liquid as described in (4). Time of 
running in 2 hr. ; temperature 5°-10X. The 
intermediate substance now separates. 

Test — A test with litmus paper should 
show no more red colouration ( also no 
excess of tetrazo salt ) ; it must give with 
diazotized /^-nitroaniline solution a brown 
colouration (detection of excess of Kres- 
aminathyl solution ). After 4-5 hr. stirring 
the coupling is finished. In order that the 
intermediate product should separate as the 
hydrochloride, usually 96 kg. hydrochloric 
acid 30 per cent ( = 28*8 kg. 100 per cent ) 
and 400 kg. rock salt are added and stirred 


sodium nitrite lye 52 per cent ( 36*4 kg. 
100 per cent — theory -F 5 per cent ), diluted 
with 112 1. water, so that we have a 20 per 
cent nitrite solution. The diazotization 
temperature is 23°-25°C., and diazotization 
time 1 hr. The intermediate product goes 
into solution with a red-brown colour. 

Test for Nitrite & Acid — The solution is 
stirred for half an hour after it shows the 
nitrite reaction. Hereafter are added 30 kg. 
kieselguhr. After stirring for 15 min. the 
mixture is filter pressed and washed with 
600 1. water. The press is blown dry. 
Volume of filtrate 7,600 1. 

6. Separation of Zinc Chloride Double 
Salt — The clear filtrate is treated with 
76*4 kg. zinc chloride 100 per cent 
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( = theory +10 per cent ) as lye of about 125 
vol. per cent or dissolved in 100 1. water. 
The zinc chloride solution is run in very 
slowly. Volume 7,600 1. Then the whole 
is salted with 1,000-1,100 kg. vacuum salt 
( = 15 per cent of volume X The salting 
has to begin very slowly. After stirring 
for half an hour at 15°C., the product 
is sucked off. Yield, moist, is about 380 
kg. ( purity about 38 per cent ; water about 
28 per cent ). 

Mixing & Drying — The moist diazo salt 
is mixed in a Roland mixer with 220 kg. 
Glauber’s salt R and 25 kg. zinc sulphate 
( anhydrous ). Then it is dried on a Haveg 
sheet in a current of air for 48 hr. at 
40°-50X. 

7. Standardization of the Colour Salt to 
20*5 per cent Purity — The dried, purified 
diazo salt is mixed in a mixing machine for 
a short time, and then analysed. It is mixed 
with anhydrous zinc sulphate and Glauber’s 
salt till a concentration of 20*5 per cent 
( about 22 per cent ) of the base is obtained. 
This strongly diluted diazo salt is then 
powdered in a “ Simplex-Perplex grinder”. 
It is necessary to pulverize the salt very 
well and uniformly, 685 kg. Fast Black 
Salt G 20 5 per cent. 

APPENDIX 96 

Naphtol AS-SW 



The raw materials used are pure toluene, 
^-naphthylamine, phosphorus trichloride and 
2-hydroxy-3-naphthoic acid. ^ -hydroxy- 
naphthoic acid ( 250 kg. ) is introduced 
in the reaction vessel, and over it toluene 
( 1,800 kg. ) is run in, and the two are stirred 
together. Under stirring js then added 
|i-naphthylamine ( 190 kg. ) and the con- 
tents of the vessel heated to 40®C. and 
stirred for 30 min. until all the p-naphthyl- 
amine is dissolved. The temperature is 
then raised to 75®C. in about 30 min., and 
at 75®-85°C. phosphorus trichloride ( 80 kg. ) 
is added in the course of about 5 hr. At 
the end of this addition the temperature is 
raised to 107®C. in the course of 3 hr. and 
the contents maintained at 107®-1U®C. 
for 20 hr. At the end of the reaction the 


contents of the vessel are cooled to 40®C., 
and siphoned off into a distillation vessel, 
to which caustic soda ( 75 kg. ) and water 
( 1,000 1.) are added. The product is worked 
iip as usual. From the above batch 396*7 
kg. of product are obtained of purity 97 per 
cent, the yield thus being 95*3 per cent of 
theory. The m.p. of Naphtol ASrSW is 
245®-247°C., and setting point 240®C. 

APPENDIX 106 

/>-Nitrosophenol 

One adds in about 5 hr., at OX., an aque- 
ous solution of 800 kg. phenol, 730 kg. 
caustic soda solution ( 33®Be ) and 698 kg. 
sodium nitrite ( 100 per cent ) in 5,400 1. 
water to 6,400 1. of a solution of 1,586 kg. 
sulphuric acid ( 95 per cent pure ) in water 
under stirring. The temperature is main- 
tained at OX. by the addition of ice. The 
mixture is allowed to settle for 1 hr. and 
the supernatant liquid siphoned off. The 
residue is centrifuged and washed with ice 
water. Yield about 980 kg. paste = 840 kg. 
dry =816 kg. 100 per cent pure. 

APPENDIX 107 

R Base 


CCO"Oe 

N 

M 

In a 1,300 1. vessel, provided with a power- 
ful agitator and cooling coils as well as 
jacket cooling, is placed 9,700 kg. of sul- 
phuric acid ( 95 per cent pure ), and cooled 
to 0®C. Herein is added 8 kg. ” anthracene 
residue ” and 800 kg. carbazole ( about 98 
per cent pure ) in about 2 hr. After solution 
it is allowed to stand for 3-6 hr. and cooled 
to — 28°C. In another vessel, provided with 
cooling coils, sulphuric acid ( 95 per cent ; 
4,300 kg. ) is cooled to — lOX., and herein 
592 kg. nitrosophenol, 100 per cent pure 
( = 670 kg. paste ), is dissolved. After 
cooling to —27®C. the solution is transferred 
into the condensation vessel of 11,500 1. 
capacity. Under more powerful cooling, 
the carbazole solution cooled to — 28®C., 
is added to the nitrosophenol solution in 
2|-3 hr., so that the temperature is main- 
tained at — 23®C. ( volume 9,200 1. ). The 
indophenol solution is stirred afterwards 



June 1949 ] 


GERMAN DYESTUFF INDUSTRY 


227 


for an hour. An excess of nitrosophenol 
should always remain. 

The reduction is carried out in 3 portions. 
A third of the indophenol solution is run 
into a lead tub of 30,000 1. capacity, pro- 
vided with an agitator, in about 1 hr., to 
a mixture of 10,000 1. water, 3,000-4,000 kg. 
ice and 170 kg. of iron powder. During 
the time of addition 7,000-8,000 kg. of ice 
is added to maintain the temperature below 
0°C. The temperature should be main- 
tained close to ~-5X. After additional 
6 hr. of stirring, the temperature comes to 
0°C. The reduction liquor is then green 
in colour. It is warmed to about 20®C. in 
about 2 hr. by means of steam, and then 
pumped at high pressure. The next day 
it is filtered through a filter press and washed 
with water until free of acid. The precipi- 
tate is once more treated with 12,500 1. 
of water and filtered. It is first washed 
with water, then with acidified water 
until free of iron. The paste from the 
whole batch ( about 4,000-4,500 kg. ) is 
dried on a cylinder with a steam pressure 
of about 4 atm. Yield 1,300 kg. dry 
( 1,212 kg. 100 per cent pure ; 92*4 per cent 
of theory ). 

Hydron BlueRR — I'he ingredients and the 
thionation process are the same as with 
Hydron Blue R. To distinguish Hydron Blue 
RR from Hydron Blue R, the finished dye 
paste is not acidified, but directly dried. 
The product is redder than the R mark, 
but is very variable in colour, tone and 
yield. 

Hydron Blue R {Powder) — In the fusion 
pot, 1,710 kg. sodium sulphide ( NagS cone. ), 
2,160 kg. sulphur and 1,800 kg, R base 
( leucoindophenol from carbazole and ^-nitro- 
sophenol ) with 8,000 1. butanol are refluxed 
for 36 hr. The butanol is then distilled off 
in 6 parts. To each part in the distillation 
vessel are added 600 1. salt water and 
1,200 1. distilled water, and one-sixth 
of the melt pumped in every 3 parts are 
transferred together to the desulphurizing 
vat, and desulphurized with 200 kg. sodium 
sulphide ( crystals ) for 1 hr. at 60®-65°C. 
The product is filtered through the press and 
washed free of sodium sulphide with 12°Be 
salt water. The paste is then taken in 
about 12,000 1. distilled water, acidified with 
hydrochloric acid, stirred for \ hr. at 50°C., 
filtered and washed with water until neutral. 
The paste is made up to about 20-22 per 
cent with water and dried to specification. 
Yield, about 4,250 kg. of the standard. 


APPENDIX 114 

N-ETHYLCARBAZOLE 


CcO 

N 

Et 


In an agitated autocla\e of 4,900 1. 
capacity, N-ethylcarbazole (1,800 kg.) and 
caustic potash ( 630 kg. ) are iieated to 
150°-160X., and carbazole ( 1.340 kg. ) is 
then added. The autoclave is closed and 
heated in 6 hr. to 270°C. Water of reaction, 
some carbazole and secondary products 
pass over. The formation of potassium 
carbazole is now over. The temperature 
is allowed to fall to 215'^C., and the valve 
leading to the receiver closed. Connection 
is established with an ethyl chloride cylinder 
containing 650 kg. ethyl chloride, which is 
heated to 10 atm. by means of a boiling water 
bath. The temperature falls to about 188°C., 
and in a run of about 16 hr. it is brought 
to 234X. It is now allowed to cool to 
160T. in 8-12 hr., and excess ethyl chloride 
is blown over. After standing for 3 hr., 
during which potassium chloride is deposited, 
the supernatant base ( 1,600 kg. ) is siphoned 
off into cold water, in winch it solidifies. 
Then a further 1,600 kg. are siphoned off, 
and employed for the next operation. 
The residual potassium chloride is brought 
into solution in hot water, the base 
filtered through a filter press, and on 
cooling separated. This base is purified 
and then used as a solvent for the next 
batch. Yield, 1,533 kg. = 98 per cent of 
theory. 

APPENDIX 126 

3-Nitrocarbazole 

To dilute nitric acid from 1,600 1. water 
and 378 kg. nitric acid ( 40®Be ) in a stone- 
ware vessel with wooden stirrer, are added 
300 kg. iron powder and finely powdered 
carbazole 100 per cent. The stirrer and 
vessel partition are rinsed with 200 1. water. 
The mixture is heated to 75®-80°C. with 
direct steam, and kept at this temperature 
for 4 hr. After addition of 1,000 1. cold 
water, it is filtered through a ^suction filter 
and washed neutral with cold 'water. The 
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product is dried at S0®-60X. Yield, 370 
kg. == 97*2 per cent of theory. 

APPENDIX 129 

Anthronethylene 


In 1,200 1. of spirit and 104 kg. caustic 
potash, 120 kg. of anthronethane are quickly 
added at 75X. and a current of air is passed 
in closed vessel through a disc of 2*2 mm. 
orifice for 6-7 hr. at 76X. until a blue- 
end product is just perceptible under the 
microscope. Then it is filtered through 
a pressure filter and washed with spirit. 
2 parts are stirred with 1,500 1. of water 
and 30 kg. of hydrochloric acid, filtered, 
washed and dried. Yield, 78 kg. 

APPENDIX 133 


cuprous chloride solution corresponding to 
100 kg. copper, and 300 kg. ammonia at 
1 5°-20®C. It becomes clear after the addition 
of 100 kg. ammonia and the acid (II) is 
precipitated from the filtrate with 450 kg. 
sulphuric acid, filtered, washed and dried 
in vacuum. Yield, 125 kg. as 
100 per cent acid. 

APPENDIX 137 

Pyrazolgelbkali 

A mixture of 110 kg. 
pyrazoleanthrone and 215 kg. 
caustic alkali, prepared in a 
mixing drum, is mixed in a 
1,000 1. fusion kettle with 
stirring with a solution of 5 kg. 
caustic alkali in 45 kg. spirit, 
and the kettle closed. The 
temperature rises through heat 
of reaction to lOOX. ; it is 
then raised to 125®-! 30X. and held at that 
temperature for 6 hr. The fusion is then 
complete. It is then blown under pressure 
at 110®C. and diluted slowly with 500 1. cold 
water. It is then run under pressure into the 
oxidation kettle ( 6,000 1. ), adjusted to 330 1. 
at 60®C., oxidized with air, filtered and the 
paste hydraulic pressed ( 80 atm. ). It is 
dried in vacuo at 80°C. Yield, 100-J25 kg. 
dry ; 89 per cent of theory. 

APPENDIX 138 

Indanthrene Yellow GF 



1 : F-Dinaphthyl 8 : 8'-Dicarboxylic 
Acid 


Mooc Hgct 

OO-GO- 


Co 



Cn) 


800 kg. of the acid (I) as paste are dis- 
solved in 2 cu. m. water and 140 1. of soda 
lye ; 61 kg. nitrite are added, and then a 
mixture of 450 kg. hydrochloric acid, 1,600 
kg. ice and 1 kg. nitrite at 0°C. Neutralized 
with 800-900 1. soda solution, the diazo 
suspension is run into a mixture of 4 cu. m. 
water, 800 kg, ice, 150 kg. bicarbonate, a 


(a) Crude Melt — In a 1,000 1. melting 
vessel with ethyl carbazole bath are taken 

500 kg. of lump sulphur 
at 225®C. Within 5 hr., 
through a funnel and 
screw conveyer, a uniform 
mixture prepared by 
grinding together of 120 
kg. of ^-methylanthraqui- 
none and 50 kg. benzidine 
are added. Temperature 
225®-230®C. The inner 
temperature is kept for 2 
hr. at 240®C., further for 
2 hr. at 250X. and finally 2 hr. at 260®C. 
At 260®-265X. it is stirred for 3 hr. In 
the end the thick melt is drained out. The 
cooled melt is ground in a disintegrator. 

(b) Desulphurization — In a 10,000 1. 
vessel, 5,100 kg. crystalline sodium sulphide 
are melted with indirect steam and brought 
to lOOX. In 1 hr. are added 1,830 kg. 
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ground melt and stirred for 3 hr. more at 
102°C., diluted to 9,000 1. and filtered at 
80''-85°C. After washing with a solution 
of 150 kg. sodium 
sulphide in 1,500 1. 
water, and then with 


APPENDIX 140 

Indanthrene Scarlet B 

O 

If 


hot water till filtrate 
is colourless, the pro- 
duct is dried at 65°- 
70T. Yield, 525 kg. 
crude dry dye. 

(c) Solution in Stil- 
phuric Acid — To 4,200 
kg. 96 per cent sul- 
phuric acid in a 5,600 
1. vessel at 50°-100X. 



are added in 1 hr. 525 


kg. crude dye. Stirred for 4 hr. at lOOX., 
the solution is cooled to 20°C. and poured 
in 5,000 kg. ice and 9,000 1. water in 20 cii. m. 
stone vessel and stirred for 3 hr. h'inal 
temperature lOX. Filtered through wooden 
press with nitrocellulose cloth and washed 
with cold water for 4 hr. The green paste 
weighs 2,100 kg. of which 21 per cent is 
obtained on drying. 

(d) Pure Paste — The green paste is 
stirred in a vessel of 5,000 1. with 1,000 1. 
water for 5 hr. It must show a neutral 
reaction. Then it is poured in an alkaline 
stone chlorinating vessel of 22 cu. m. under 
stirring. According to experience the neces- 
sary hypochlorite liquor ~ 3,500 1. ( 14 per 
cent chlorine ) and caustic soda to bring 
caustic soda content to 2 5 per cent are 
added. Stirred for 4-5 hr. and allowed to 
remain overnight, then heated to lOOX. with 
direct steam. When chlorine solution is 
not sufficient, more is added till potassium 
iodide paper after 1 hr. still gives the best. 
Mass is diluted to 15,000 1. and filtered 
through wooden press, and washed with 
hot water till the washing are neutral to 
turmeric. Pure orange wet paste, 1,700 kg. 
= 440 kg dry. 


In a double- walled, enamelled vessel are 
introduced dry chlorobenzene (1,600 1. ), 
“ rosa-anil" (I) (132 kg.), methoxythio- 
naphthene (11) (79 kg. ) and piperidine 
(8 kg.). These are heated to 115X. and 
maintained for 2 hr. at 115°-118X. At 
this stage, condensation to an insoluble 
dye takes place. The dye is filtered off 
at 50X. and washed thrice with 350 1. of 
warm chlorobenzene (50X.) till the filtrate 
is light in colour. The filter cake is freed 
from chlorobenzene by steam and dried at 
70®-80°C. The yield is about 190 kg. of 
standard dyestuff. 

APPENDIX 142 

Vat Brown IVD 

The*‘aniF’ (1) ( 1 14 5 kg. ), 2: 1-naphthoxy- 
thiophene (60 kg.) and piperidine (6 kg.) 
are stirred in dry chlorobenzene ( 1,350 1.), 
and heated to 11 5X. The temperature is 
maintained at 115X. for 2 hr., and then 
cooled to 70X., and the product filtered. 
The filter cake is washed thrice with 300 1. 
warm chlorobenzene each time, freed from 
chlorobenzene with steam, and dried. Yield 
about 160 kg. paste or 113 kg. dry powder. 
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APPENDIX 147 

Vat Scarlet RM 

Dinaphthyldicarboxylic acid ( 89 4 kg. ), 
dibromoanthrone ( 80 kg. ), and arsenic 
acid (101 kg.) are dissolved in monohydrate 
( 1,600 kg. ) at 45°C. in the course of 1 hr., 
and diluted with water ( 16 1. ) when the 


red colouration, which then turns green. The 
contents of the vessel are allowed to remain 
overnight. Then, under cooling, oleum 65 per 
cent ( 490 kg, ) is run in at 35°C. After cool- 
ing to 25°C., iodine (1-3 kg.) and bromine 
( 90 S kg. ) are added. The contents of the 
vessel are now heated and agitated. In 
the course of an hour the temperature is 





Br 



Br 


temperature rises to 60°-70X.v Next day 
iodine ( 85 kg. ) is introduced and the contents 
heated to 132°C. in 2-3 hr, and maintained 
at 132°-l35X. for 5 hr. It is then cooled, 
and with the addition of water ( 400 1. ) 
the sulphuric acid concentration is brought 
to 85 per cent. It is now filtered and the 
filter cake washed 5 times with 85 per cent 
sulphuric acid ( 200 1. each time ). The 
filter cake is agitated with 2,000 1. water 
at 45 °C. for 4 hr., refiltered and washed free 
from acid. The filter cake is now stirred 
for 1 hr. with warm water ( 2,000 1.) at 
80^-90X. and soda lye (240 kg. 33°Be ). 
After this it is filtered and washed. The 
yield is 550-650 kg. paste = about 195 kg. 
dry = 86*2 per cent of theory. 

APPENDIX 148 

Indanthrene Brilliant Orange RK 

In an enamelled vessel 
of capacity 2,000 1. are 
introduced monohydrate 
( 1,550 kg.) and 1:1'- 
dinaphthyl - 8 ; 8' - dicar- 
boxylic acid ( 188 kg. ) 
under cooling. Solution 
takes plac^ ulrst with a 


brought to 30X., and then more slowly 
to 65®C., where it is maintained for 3 hr. 
After cooling to 50°-55X., warm water at 
60°-70X. ( 450 1. ) is run in. The contents 
are now filtered off and washed neutral. 
By the introduction of water the sulphate 
are hydrolysed and light orange-coloured 
dibromoanthrone results. The dyestuff 
obtained in paste form is 750-800 kg., the 
yield being 90 per cent of theory. 

APPENDIX 153 

Sirius Light Yellow RT 

487 kg. of primuline acid ( m.w. 373 ) are 
suspended as paste in 2,000 1. of water, and 
dissolved with about 270 kg. of soda lye 
solution of 33°Be. It is diluted with water 
and ice to 8,000 1., and at 3°C. 115 kg. sodi- 
um hydroxide lye of 33®Be and, then, with 
good stirring, 2,400 1. of sodium hypochlorite 




June 1949 1 


GERMAN DYESTUFF INDUSTRY 


231 


Me 




Me 


So^Na 


( 224 k^. active chlorine ) are added in 
6-8 min. The temperature rises thereby 
to 7°-9°C., then slowly to 15°-17°C. After 
standing overnight, excess chlorine smell 
should faintly persist ; otherwise, a little 
hypochlorite solution is added. The dye 
is salted out with rock salt 650 kg. as a 
ll°Be solution. Yield, about 780 kg., 
standardized at about 1,780 kg. 

APPENDIX 154 

Diethyl Red ( Indanthrene Rubine R ) 



120 kg. “ Pyrazolgelbkali ” are ground 
with 200 1. chlorotoluene for 18 hr. in a flint 
mill, and discharged into the alkylation ket- 
tle. The mill is rinsed with 900 1. chloro- 
toluene. Total charge = 1,000 1. — 1,150 kg. 
chlorotoluene. Then are adde*’ 112 kg. 
ethyl />-toluenesulphonate and 12 kg. pow- 
dered caustic alkali. The mixture is heated 
at 125°-130T. for 9 hr. when alkylation 
is complete. Then it is filtered hot. The 
cake is washed, stirred thrice with 200 1. 
chlorotoluene at 100°C., filtered off, and 
finally washed into the suction apparatus 
with 100 1. chlorotoluene and sucked dry. 
The adhering chlorotoluene is steam dis- 
tilled. The dye is filtered and washed 
neutral with water. Yield about 140 kg. 
wet or about 80 kg. dry. 

The filtrate of chlorotoluene is distilled 
with steam ; yield about 95 per cent of 
the used chlorotoluene. 


A Method for the Preparation of Dioctyl Sebacate 


Dioctyl sebacate has come into use as 
a plasticizer^ as it imparts not only low 
temperature flexibility to polyvinyl chloride 
and its copolymers, but also possesses non- 
volatility characteristics obtainable with 
dicapryl phthalate or dibenzyl sebacate. 
Methods for the preparation of this plasticizer 
are not reported in literature. A method 
employing ^-toluene sulphonic acid as cata- 
lyst has be^n worked out in these laboratories. 
The usual catalysts — cone, sulphuric acid 
and dry HCl gas — gave poor yields. The 
method of preparation is briefly as follows : 

Sebacic acid ( 10 parts ), secondary octyl 
alcohol (13 parts ), and ^-toluene sulphonic 
acid ( 1 part ) were dissolved in benzene 
in a round-bottom flask and the mixture 
refluxed for 20 hr. The water formed was 
removed through a trap. The reaction 
mixture was extracted with ether, the 


ethereal solution washed with dilute sodium 
carbonate solution and dried over anhydrous 
sodium sulphate. After removal of ether, 
the residue was distilled under 5 mm. 
pressure and the fraction, boiling between 
255°-257T., collected. A yield of 34*5 per 
cent pure dioctyl sebacate on the weight 
of sebacic acid was obtained. The product 
is a colourless, odourless liquid ; sp. gr. at 
15X., 0*920 ; sap. val., 258 ; acid val., 0*4; 
ref. index at 20T., 1*4498. 

J. P. Verma 
Karimullah 

Chemical Laboratories 

Council of Scientific & Industrial Research 
Delhi 
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A Study of the Colouring 
Matter of Tambul Seeds* 


T. R. SESHADRI 
Andhra IJniveraity, Waltair 


F LAVONES and flavonols forming the 
most important group of anthoxan- 
thins were originally valued highly as 
mordant dyes. In this respect they 
have been almost completely displaced by 
synthetics. More recently, however, their 
physiological propertier, have been attracting 
attention^. A precise knowledge of these 
yellow colouring matters is useful in other 
directions also. For example, it gives a 
deeper insight into the botanical classifica- 
tion of plants. As the result of the endeav- 
ours of chemical investigators in various 
countries, considerable progress has been 
recorded not only in the discovery of new 
types of compounds, but also in the develop- 
ment of newer and more efficient methods of 
studying their molecular structure and effect- 
ing their synthesis which will lead ultimately 
to a comprehensive picture of their evolution 
and function. 

Hydroxy flavones and flavonols occur free 
in a number of cases. But it is more common 
to meet with them in a combined form. One 
or more of the hydroxyl groups are protected 
either by glycoside formation or by methyla- 
tion or m^thylenation. Exact knowledge as 
to why these modifications are needed in the 
plant is not yet available. But it could be 
safely stated that factors relating to solu- 
bility, stability to oxidation and light absorp- 
tion are involved. When there are a number 


of hydroxyl groups in a molecule capable of 
protection in the above manner, the exact 
position or positions involved is of some 
importance because considerable variation 
in properties can arise thereby. Methods 
of locating these positions have been explored 
continuously and marked success has been 
achieved during the past few years. The 
study of the colouring matter of tambul seeds 
provides an example of such w'ork on partial 
methyl ethers. 

It is better to start with the discovery in 
1935 of herbacetin (I) by Neelakantam and 
Seshadri^ in the Indian cotton flowers, 
Goasypium herbaceum. The constitution of 
the new flavonol was soon determined at 
Waltair® and confirmed by synthesis at 
Oxford^. But there was considerable diffi- 
culty in isolating it from the cotton flowers, 
because it occurs along with 3 other flavonols, 
gossypetin, quercetin and kaempferol, partly 
free and partly as glucoside. The method 
of synthesis also was not easy at that time 
though a considerably simpler one has 
recently been discovered®. In order to 
supply other workers who were in need of 
small authentic samples, a search for more 
convenient sources was made. The flowers 
of Thespasia populnea^ yielded herbacetin, 
but it was again associated here with kaemp- 
ferol and the question of separation existed. 
Bose and Bose"^ subsequently reported the 
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isolation in a very small yield ( 0*006 per cent ) 
of tambulin from tambnl seeds which form a 
well-known Indian drug and contain a sweet- 
smelling essential oil. This was shown to be 
a trimethyl ether which could be demethy- 
lated to herbacetin. Since the seeds were 
readily available and no difficult separations 
were involved, they appeared to form a satis- 
factory source for the quick preparation of 
small samples of herbacetin. We^ were 
actually successful in obtaining much better 
yields ( 0*03 per cent ) of the colouring matter 
than previous workers. Surprisingly, how- 
ever, it was not tambulin, but a new chemical 


But in cases where there are a number of 
free hydroxyl groups, this procedure has not 
worked satisfactorily. Neither does the 
decomposition take place well nor is the 
identification of the fission products easy. 
Consequently, in the study of partial methyl 
ethers, we have been adopting the practice of 
protecting these free hydroxyls by ethylation 
and then subjecting the mixed methyl ethyl 
ether to fission. By this means not only the 
decomposition of the flavonol molecule and 
identification of the products are rendered 
smooth and precise, but even confirmation 
by synthesis becomes comparativ ly easy. 



entity which we named tambuletin. It was 
a monomethyl ether yielding herbacetin on 
(lemethylation and thus our original object 
of preparing this flavonol was attained. 

Next the chemical constitution of tambu- 
letin was investigated in detail. Its proper- 
ties and colour reactions indicated that it 
had the methoxyl group in the 8- position 
(III). It differed markedly from herba- 
cetin (I) and resembled closely kaempferol 
(II) in the reactions with dilute alkali, 
alcoholic ferric chloride and /)-benzoquinone. 
It could, therefore, be concluded that the 
hydroxyl in the 8- position was immobilized 
b}^ ether formation. Though these colour 
reactions are very useful for purposes of 
diagnosis, errors have arisen in the past by 
depending too much on them. Confirmation 
by more definite methods had to be sought. 
It was usual to subject the new substance 
( partial methyl ether ) to fission with alkali 
and identify the products of decomposition. 


Actually in the case of tambuletin® though 
ethylation was carried out, there was no need 
to resort to alkali fi.ssion. Simpler methods 
whose usefulness had been fully established 
by our earlier work were adopted, Tambu- 
letin could be ethylated in two definite stages 
yielding a tri- (IV) and a tetra-ethyl (V) 
ethers. The former exhibited the reactions 
for a free hydroxyl in the 5- position and 
was oxidized readily with nitric acid yielding 
a quinone, reduction of which produced a 
quinol. The final product was found to be 
identical with a synthetic sample of 3 : 7 : 4'- 
triethoxy-5 : 8-dihydroxy flavone (VII). It 
could, therefore, be concluded that the 
oxidation of o-triethyl-tambuletin involved 
demethylation and this could happen only if 
the methoxyl group was present in the 
8- position. The transformations involved 
were represented as follows. 

More conclusive evidence was provided by 
the synthesis of the tri- (IV) and tetra-ethyl 
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(V) ethers of tambuletin. This work as well to be solved. From their study of tambulin 
as the sjmthesis of the quinol (VII) could be Bose and Bose’ proposed that it was 3:8: 4'- 
readily accomplished by the application of o-trimethyl herbacetin (XII). We could 
the new discovery of fascile nuclear oxida- prepare a substance of this structure starting 
tion in the flavone series^®. Kaempferol (II) from 3 : 4'-dimethyl ether Of kaempferol 
was the starting point ; it was subjected to (XIII) and passing through the stages 
partial ethylation to form o-triethyl-kaemp- indicated below’^ 

ferol (VIII). Oxidation with alkaline persul- The synthetic product differed markedly 
phate yielded quinol (VII). Partial methy- from tambulin. Its melting point was much 
lation with dimethyl sulphate and anhydrous higher and so also was the melting point of 
potassium carbonate in acetone solution its acetyl derivative higher than that of 
converted it into the 8-methyl ether, the tambulin acetate. That the structure of 
resistant 5-hydroxyl being left out. This the synthetic substance was correct was 
was identical with o-triethyl-tambuletin (IV). confirmed by conversion into its diethyl 
Subsequent ethylation yielded 8-monomethyl- ether which was found to be identical with a 
3:5:7: 4'-tetraethyl ether of herbacetin synthetic sample of 3 : 8 : 4'-trimethoxy-5 : 7- 
which was identical with (^-tetraethyl tambu- diethoxyflavone (XVII). Consequently the 
letin (V). The course of the various stages constitution of tambulin had to be revised, 
in the synthesis had been well established Bose and Bose showed that a methoxyl was 
earlier by detailed study of simpler examples, definitely present in the 4'- position because 



HO CO 


The synthesis of tambuletin'® itself was anisic acid could be isolated as a product of 
carried out as the next stage. Here again fission with alkali. Since the compound 
kaempferol was the starting material and failed to reduce alkaline o-dinitrobenzene or 
nuclear oxidation and partial methylation chloropentamine cobaltichloride, there was 
were employed. But some of the hydroxyl proof that it did not have ortho or para 
groups had to be protected by partial benzy- dihydroxy groups. It was, therefore, con- 
lation and the benzyl groups removed finally, eluded that a methoxyl was in the 8- posi- 
There was some difficulty in the benzylation tion. This was also justified by analogy with 
and in the oxidation of the benzyl ether, tambuletin which has a methoxyl in the 
But with adequate precaution the reactions same position. They considered that the third 
could be accomplished satisfactorily. methoxyl was in the 3- position, since the 



It is rather surprising’ that in the number compound was stable to aerial oxidation in 
of extractions of tambul seeds that we carried alkaline solution. This last evidence did not 
out, only tambuletin wa§ isolated and no appear to be quite dependable. For we had 
tambulin as originally reported by Bose and found in the course of other work that 
Bose’. This^i^ a puzzle which remains still compounds like galangin and kaempferol 
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having a free hydroxyl in the 3- position and 
a small number of hydroxyl groups in the 
other parts of the molecule are fairly stable 
when exposed to air in alkaline solution 
(milder condition ), and Perkin^^ had re- 
corded that when air is aspirated through an 
alkaline solution of galangin-3-methyl ether 
( more drastic condition ), it is oxidized with 
the formation of benzoic acid and phloro- 
glucinol. The method cannot, therefore, be 
considered to be conclusive for the present 
purpose. In view of the above-mentioned 
synthetic work, the third methoxyl group 
should be located elsewhere. Of the two 
possible positions, 5 and 7, the former is 
known to be resistant to methylation and 
is the last to be affected in the plant or in the 
laboratory. Consequently, position 7 seemed 
to be more probable. F'urtlier, the constitu- 
tion of 7:8:4'-o-trimethyl herbacetin (XVIII) 
seemed to be in accord with the lower melting 
point of tambulin. This could be checked 
by synthesis. A substance of this constitu- 
tion could be most conveniently made by the 
partial demethylation of herbacetin-penta- 
methyl ether (XIX) using anhydrous alumi- 


nium chloride in nitrobenzene solution. This 
method of simultaneous attack of the 3- 
and 5- methoxyl groups had been adopted 
successfully in a number of analogous cases 
and the synthesis of partial methyl ethers of 
galangin, kaempferol and quercetin reported 
earlier^^. The reaction was found to proceed 
smoothly in the present case^^ and the 
product was found to have the properties 
reported for tambulin ; a similar agreement 
was found between the acetates. Hence the 
constitution of tambulin should be consi- 
dered to be that of the 7:8; 4'-trimethyl 
ether of herbacetin (XVIII). 

In conclusion a word is necessary regarding 
the structural interest in the colouring matter 
of tambul seeds. In tambiiletin and tambu- 
lin, the hydroxyl in the 8- position is found 
to have undergone methylation in preference 
to those of the 7- and 3- positions, though 
biogenetically there is clear indication that 
the former should have a later origin than 
the latter. The reasons for this preferential 
partial methylation and its mechanism 
are not yet known. Under this category 
comes the flavone methyl ether wogonin 
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(XX) which is found in the roots of Scutellaria 
baicalensis. A parallel series is presented by 
the 6- methyl ethers like patuletin (XXI), 
oroxylin-A (XXII) and pectolinarigenin 
(XXIII) in which the 6- position is preferen- 
tially methjdated. 
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REVIEWS 


A Source Book in Greek Science, by 

Mqrris R. Cohen ( McGraw-Hill Book Co. 

Inc., New York ) 1948, pp. xvi f 579. 

The present book is the fifth in the 
series of source books in the history of the 
sciences published under the general editor- 
ship of Prof. Gregory D. Walcott. The 
earlier volumes in the series dealt with 
astronomy, mathematics, physics and geo- 
logy respectively. A source book in medie- 
val science is also to be issued, and, further, 
a volume containing the most important 
contributions of the major sciences from 
1900 to 1950 is planned for publication by 
about 1960 ; and, according to the general 
editor, a similar volume is to be issued each 
half century thereafter. 

Stimulated largely by the growing concern 
in recent years of scientists by the impact 
of science on society, the history of science 
and its social implications has attracted 
considerable attention. Of all the adven- 
tures of the human mind, the scientific 
adventure has proved the most fruitful 
and profound. In fact, the very idea of 
‘‘ l)rogress " is comparatively modern : it is 
a result of the scientific and technological 
revolution. As W. K. Clifford, noted for 
his “ profound and orderly understanding ”, 
said in his book The Commonsense of the 
Exact Sciences published in the hist century : 
” scientific thonoJit is not an accompaniment 
or condition of human progress, but human 
progress itself In our own day, Sarton, 
the distinguished historian of .science, has 
emphasized in his Study of the History of 
Science that “ the acquisition and systemati- 
zation of positive knowledge are the only 
activities which are truly cumulative and 
l)rogressive. The history of science is the 
only history which can illustrate the pro- 
gress of mankind/' With the increasing 
specialization that is inevitable with the 
development of science and with its growing 
utilization by society, it has become all 
the more necessary for scientists, and no 
less for others, to acquire a proper under- 
standing of the limitations of science and 
of the factors that determine its progress 
and development. This understanding, and 
also a balanced science education, is greatly 


helped by a study of the history of the 
growth of science under different civilizations 
and social environments and how it has 
acted and reacted on society. The Presi- 
dent of the Harvard University, Dr ]. H. 
Conant, has vigorously advocated in his 
highly interesting book, On Understanding 
Science, the historical approach in science 
teaching. Dr. Conant has urged that the 
strategy of science can best be understood 
by a study of typical case-histories and 
he has provided most illuminating illustra- 
tions of them in his book, taken mostly from 
17th and 18th century science. 

The publication of the present source 
book in Greek science is most opportune 
and the work is assured of a wide welcome. 
As the author points out in the preface, the 
extracts from (ireek science presented in 
the book cannot take the place of a history 
of science, nor can they offer a systematic 
study of Greek science or of tlie position it 
occupied in Greek civilization. ” But no 
history of Greek Science can convey an 
adequate picture, unless the readers see 
something of the original source on which 
the historian relies. The presentation of 
these sources seems all the more desirable, 
because the material on which we draw is 
often fragmentary, and scattered in many 
diverse volumes." The study of the volume 
will help in correcting, what the author 
calls, an established popular error, namely 
that the Greeks were merely speculators 
and that the natural science began in the 
17th century with Galileo and his successors. 

The book opens with a section on mathe- 
matics, and it is in mathematics, particularly 
in geometry, more than in any other branch 
of science that the Greeks made their greatest 
contribution. We find here the proof 
( Euclid ), oft-repeated for the last two thou- 
sand years, that 2 is an irrational number, 
We read here ( page 20 ) the well-known theo- 
rem that the number of primes is infinite. 
An interesting extract from Archemedes is on 
the sand-reckoner. The sand-reckoner des- 
cribed a system of representing numbers 
different from the usual Greek system, and 
it allowed representation of any number, 
however large. To illustrate the utility 
of the system, Archemedes estimated the 
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number larger than the number of grains 
of sand necessary to fill the universe. 
( Curiously enough, the estimate of the 
Syracuse philosopher-scientist is comparable 
to the number of fundamental particles in 
the universe estimated more than 2,000 
years later by Eddington. ) 

Extracts are given from Aristarchus of 
Somos ( the Copernicus of antiquity ) on the 
sizes and distances of the sun and moon. 
Also extracts are given dealing with the 
precession of the equinoxes. Ptolemy's 
arguments for a fixed earth are reproduced 
from his Almagest. The section of mathe- 
matics and astronomy covers a little less 
than 200 pages. 

Next comes the section of physics of about 
the same length. We find here extracts 
from Aristotle on the equations of Aristota- 
lian dynamics. Aristotle maintained, among 
other things, that “ within bodies moving 
with their proper motions, the larger moves 
quicker Again, we have an extract from 
Philoponus ( page 279 ) contending that 
Aristotle was wrong in his assumption that 
a larger weight falls in a given time through 
a greater distance than a smaller weight 
does in the same time. The Greek mecha- 
nics, like their astronomy and a good deal 
of physics, was based not on experimental 
observation but on deductions drawn from 
general principles — the general principles 
being assumed on philosophical and specula- 
tive rather than on .scientific grounds. Wit- 
ness, for instance, Aristotle's dictum that 
nature abhors vacuum. 

Reasoning by analogy ( for instance the 
analogy between macrocosmus and micro- 
cosmus ) played a significant part in the 
derivation of principles. This gave them 
a wide sweep, but as the analogies were 
often superficial (in the scientific sense), 
the principles so derived were of little 
value in natural science. 

Interesting extracts are given relating to 
siphon, simple machines, and so on. The 
last 150 pages of the book are devoted 
to zoology, botany, animal and human psy- 
chology. Here we have interesting extracts 
taken from Aristotle who, for his acumen 
as a biologist, ranks supreme in the same 
sense that Archemedes does in the realm’ of 
mathematics and physics. Here one finds 
reference to Indian elephants ( page 537 ). 
Interesting extracts from Aristotle relate 
to the senses of animals : " There is no 
doubt but that fishes have the sense of 
taste. . . With regard to sight and hearing 


we cannot make statements with thorough 
confidence or on irrefutable evidence." 

It is obviously difficult to summarize 
•the contents of a work of this kind, and more 
.so for a reviewer who can claim no expert 
knowledge of this fascinating subject of 
Greek science. The book covers an exten- 
sive field and it appears that practically 
every work of interest and importance finds 
a reference in it. It is a book that should 
find a place in every library concerned with 
science and its teaching. 

D. S. K. 

The Chemistry and Manufacture of 

Indian Dairy Products, by K. S. 

Rangappa & K. T. Achaya ( Bangalore 

Printing & Publishing Co. Ltd., Bangalore 

City), 1948, pp. 189. Price Rs. 10. 

The importance of dairy industry has 
not been adequately recognized in India 
and it is, therefore, an encouraging sign 
when a book on the chemistry and manu- 
facture of Indian dairy products appears in 
the market. As has been correctly pointed 
out by Professor J. C. Ghosh in his foreword 
to this book, the Indian dairy products 
" are fundamentally different in nature 
from the dairy products in Europe and 
America " and hence the problems connect- 
ed with these products need considerable 
research and extensive application of the 
results of research before the dairy industry 
caii be built up on a firm scientific founda- 
tion. Unfortunately, however, research in 
dairy industry, not being as glamorous 
as that in many other subjects, has not 
been financed or encouraged as much as 
its importance would deem it necessary. 
What little has been achieved by a few 
workers in Government laboratories or 
research institutions needs to be extended 
and more encouragement by way of better- 
equipped laboratories, conditions of employ- 
ment, etc., is needed before the results 
of our research investigations cah be use- 
fully employed by the industry. It would, 
however, be unsafe to incorporate into a 
text-book results which have not been 
tried out under a variety of conditions or 
confirmed by a few other workers. For 
example, on page 72, quoting the work of 
Roy and Bhatnagar, the authors of the 
book point out that during fermentation 
of milk its nitrogen content increases. To 
the best knowledge of this reviewer, this 
observation of nitrogen fixation in milk 
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has not been recorded by any other worker 
in India, Europe or America. It would 
have been interesting to read some hypo- 
thesis postulated to explain this rather 
unusual phenomenon. 

The book has been divided into 3 parts : 
part I — milk and unfermented milk pro- 
ducts ; part II — fermented milk products ; 
and part III — ghee. Since this book 
deals primarily with dairy products pecu- 
liar to India, products such as ice-cream 
and milk powder, which are also being 
manufactured and used in India to an 
increasing degree in recent years, should 
have been included. 

Discussing the bacterial qualit y of milk mar- 
keted, the authors quote reference ( page 51 ) 
to a book published in 1916 to point out 
that “it is encouraging that the samples 
were free from pathogenic organisms like 
B. Typhus, tuberculosis, diphtheria or cho- 
lera This is most misleading, since it 
is well known that the detection of patho- 
genic organisms in milk is quite a difficult 
and .laborious procedure. Incidentally, the 
sentence does not read well in a book, 
especially, since the name of the first is 
now recognized as Eberthella typhosa and 
the latter 3 are names of diseases and not 
organisms. The authors emphasize that 
under Indian conditions it is quite ea.sy 
to produce milk of bacterial count of 
30,000 or less perml. ( page 49 ). Actually, 
in the results reported in Table XXX, 
even in the herd milk at the Government 
farm of Indian Dairy Research Institute, the 
bacterial count was about 100,000 per ml. 
It will need a considerable reorgaiiization 
of our dairy methods before milk of a 
bacterial count of the order of 30,000 per 
ml. can be produced. Again, on page 55, 
it is pointed out that “ And it is to this 
practice ( of heat treatment of milk ) that 
the freedom from milk borne diseases in 
India is to be mainly attributed “. It is 
well known that in many homes the milk 
is not heated to a sufficiently high tem- 
perature or for sufficiently long periods to 
ensure the complete destruction of patho- 
genic organisms. If we do not hear of 
diseases transmitted through milk, this 
reviewer believes that it is largely due to 
lack of adequate public health surveys 
and “ follow ups “ of epidemics rather 
than the absence of such milk-borne epi- 
demics. 

The arrangement of the textual matter 
is good, although many printer's mistakes 


need corrections. To cite a few glaring 
examples : page 140, line 15, “ interreact ion 
ship “ instead of “ inter-relationship “ ; page 
141, “ voriations “ instead of “variation”, 
etc. The get-up of the book is excellent 
although many research workers in the field 
may find the price of Rs. 10 somewhat 
beyond their means. 

I. 

Turning and Boring Practice & Drill- 
ing and Surfacing Practice, by Fted 
H. Colvin & Frank A. Stanley ( McGraw- 
Hill Book Co. Inc., New York ^ 1948, 

pp. xv-f531. Price $4.75. 

Although the authors have written 
two books separately, one on Totting and 
Boring Practice and the other on Drilling 
and Surfacing Practice, in the opinion of the 
reviewer these are considered as two volumes 
under general machine-shop practice. A 
comprehensive survey of modern machine- 
shop practice becomes increasingly diffi- 
cult because of the constant changes in 
machines, methods and materials em- 
ployed. For example, wlrere formerly the 
planer and sliaper machines handled all 
flat-surface work, the milling machine, 
grinder and more recently the broaching 
machine are now used almost exclusively 
on production work. In addition to new’ 
machines, new methods have come into prac- 
tice with the introduction of new materials. 

The authors have made the.se points 
quite clear in these two volumes and, in 
their opinion, all those connected wnth a 
machine shop, be he an executive or a 
workman, should have wider knowledge 
of factors which affect the smooth working 
of a machine shop. The authors have 
also emphasized the fact that principles 
of machine operation have remained un- 
changed even though vital changes in the 
use of machines have come to stay in 
a modern machine shop. 

In the first volume of the work, the authors 
concern themselves with turning and boring 
practices. This volume is divided into five 
sections. The chapters on turret and semi- 
automatic lathes are written very exhaust- 
ively and very few books give so many 
details about the new techniques employed 
in production work. Boring has received 
special attention in a separate section. A 
large number of illustrations given in this 
section showing how to execute large boring 
ojxirations will be found very useful. 



240 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 6 


The sectiaii on cutting tools for different 
materials contains valuable information 
such as use of carbide tools, suggestion and 
methods for machining various metal parts, 
cutting oils and other coolants. Also des- 
cribed in the same section are the methods 
to be employed in case of non-metallic 
materials such as rubber and plastics. 

As drills and drilling machines are used 
to a greater extent than other machines 
in machine-shop practice, it is quite ap- 
propriate that the authors have devoted a 
complete volume for “ drilling and sur- 
facing practice This volume runs into 
six sections describing in detail drilling, 
reaming and tapping, planers and shapers, 
milling, milling cutters and broaching. 

These volumes are very authoritative 
covering almost all the fundamental ma- 
chine-shop operations. A special feature of 
this work is the inclusion of a large number 
of tested, new workshop practices to make 
difficult jobs easier, and many short-cuts 
employed in the mass production are also 
elaborately discussed. Great stress is laid 
on the economy of time and money in all 
the operations. 

The authors need no introduction and 
their work is so thorough and exhaustive 
that the reviewer strongly feels that these 
books will prove to be valuable additions 
to all technical libraries and that all those 
connected with machine-shop industry could 
use them with great advantage. 

Handbook of Indo- Australian Trade — 
1947 , compiled by E. V. S. Maniam & M. L, 
Gupta ( Bureau of Economic Research, 
Kanpur), 1948, pp. x+60. Price Rs. 5. 

This publication which is the result 
of an economic survey of the two countries, 
is a sequel to the widespread desire felt 
in both the countries ior increased trade 
relationship. It presents in a handy form 
valuable information regarding the possib- 
ilities of Indo'-Australiail trade. 

It may be recalled that an Indian Indus- 
trialists’ Delegation visited Australia in 
1945 and a similar Delegation from that 
country came to India in 1946 to explore 
ways and means of fostering trade between 
the two countries. The Bureau of Economic 
Research, Kanpur, was asked to prepare 
a factual memorandum for the guidance 
and information of the Australian Dele- 
gation, and the present volume is an enlarge- 
ment on ^he, report. 


The handbook gives, in a concise form, 
facts and figures which are not easily avail- 
able elsewhere. It is an exhaustive survey 
of the economic resources of the two 
countries and indicates the deficiencies of 
each country ‘ which can be met by the 
other. The different offices under the 
Commonwealth Ministry, Diplomatic and 
Trade Consulates and others directly and 
indirectly concerned with the administration 
of trade, commerce and industry have 
been mentioned to facilitate trade inquiries. 
The names and addresses of the different 
industrial and commercial bodies in Aus- 
tralia have .also been given and these will 
be very helpful to Indian exporters. 

The handbook also contains a directory 
section, giving names and addresses of 
Australian and Indian manufacturers and 
import and export houses in the two 
countries. The directory is classified under 
different heads and alphabetically arranged 
for quick reference. 

The Manufacture of Iron and Steel, 
Vol. I — Iron Production, by G. Reginald 
Bashforth ( Chapman & Hall Ltd., Lon- 
don ), 1948, pp. viii-1-228. Price 2is. net. 

The author has neatly covered in fair 
detail practically all the aspects of iron pro- 
duction. It should prove extremely useful to 
student^^of metallurgy. A typical feature 
of the book is the list of references relating 
to the voluminous data condensed in the 
text. 

The contents are well laid out and balanced. 
Reference to Bihar and C.P. haematite iron 
ore belts has not been made in relation to 
India’s iron ore deposits, although Mysore 
magnetite deposits have been referred to. 
It may be pointed out that the Bihar and 
Bengal iron ores form one of the richest iron 
ore deposits of the world. Further chapters 
deal effectively with the technical processes 
involved in iron and ferro-alloys’ production. 

The language of the book is precise and the 
information contained should prove useful 
both to students as well as to industrialists 
for reference and study. The technical 
details of. the processes are dealt with 
comprehensively. The pages on electric 
reduction of pig iron, however, lack adequate 
reference to the Swedish practice. This may 
be ascribed perhaps to lack of space. 

The book is a very useful addition to text- 
books on iron production. 


B. R. Nijhawan 



Developments in Vegetable Oil Extraction 


M. N. KRISHNAMUKTI 

Volkari Brothers, Bombay 


D uring the past 25 years, the vege- 
table oil extraction industry has 
undergone a considerable change 
with respect to processes, equipment 
and practices. As a result, the industry 
has now changed over from pressure ex- 
traction with expellers or hydraulic presses 
giving a comparatively low yield of oil, 
to processes based on advanced knowledge 
of chemical engineering principles yielding 
higher percentages of oil. This transition 
has been, for the most part, from an industry 
requiring a very modest capital investment 
in simple equipment to an industry represent- 
ing a substantial investment in complicated 
chemical engineering equipment and auxiliary 
processes. Consequently, this higher yield 
of oil obtained from seeds or pressed cakes 
leaves the meal with a higher percentage 
of protein concentrate which provides higher 
nutritional value from the point of view of 
cattle feed. Moreover, the meal produced 
can be used with complete satisfaction for 
human consumption. 

Soya-bean or, for that matter, any oil 
seed with an original oil content of less than 
30 per cent is seldom pressed by mecha- 
nical expellers in America or on the Continent. 
For seeds with an oil content exceeding 30 
per cent, such as groundnut, a combination 
of expeller-solvent extraction operation is 
recommended. Most of the earlier installa- 
tions in Europe and the United States adopted 
this process for extracting oil from soya-beans, 
for this was a comparatively low oil-bearing 
seed with 20-22 per cent oil content, and 
mechanical extraction was expensive,, as 
the oil content in the residual cakes could 
not be reduced to less than 4*5-5 per cent. 
The solvent extraction process, on the other 
hand, yielded a cake containing only 0*5-1 
per cent oil. Later installations have 
demonstrated the benefits of solvent extrac- 
tion of oils from pressed cakes obtained by 
expellers from groundnut which contain 8-10 
per cent of residual oil, and there were 
several mills operating in Germany employ- 
ing expeller cum solvent extraction processes 
before the war. 


Process 

The raw materials, whether they be nuts, 
beans or pressed cakes, with an oil content 
not exceeding 30 per cent, are treat^'d in the 
preparatory milling equipment, Cc iverting 
them into flakes ol suitable size and thick- 
ness with moisture regulated to 12 per cent 
and temperature lower than the lower 
boiling limit of the solvent. The flaked 
material then enters the extractors where 
it contacts the solvent, and oil is removed 
by washing and diffusion. The mixture 
of oil and solvent termed “ rniscella ” is 
clarified by filtration and, subsequently, 
by centrifuging. The mixture is then dis- 
tilled to remove the major part of the solvent, 
and finally stripped in rectifying columns 
to remove the last traces of moisture and 
solvent. The solvent-free oil is drawn off 
the base of the stripping column and pumped 
to storage tanks. The solvent vapour from 
the evaporator and distilling columns is 
condensed and water removed by decan- 
tation before returning the solvent to the 
extractor. The solid residue from the bottom 
of the extractor enters dryers where the last 
traces of solvent are driven off by heat and 
condensed. The solvent-free meal is condi- 
tioned by toasting followed by cooling, 
sifting and bagging in the warehouse. 

Equipment 

A solvent extraction plant consists mainly 
of the extraction apparatus, evaporator 
units, distilling and rectifying columns, 
“ miscella " storage tanks, filters, meal dryers 
and accessories. The Anderson extraction 
plant discussed here is of American design. 
It has an extraction column embodying the 
patented settling chamber device for “ mis- 
cella ” fines and a discharge device which 
is a modification of Anderson's expeller 
application. The settling chamber device 
consists of a number of vertical tubes through 
which the “ miscella " flows. A disc in which 
there is a triangular opening covers the top 
of the tube permitting the intermittent 
discharge of " miscella from fach tube as 
the disc revolves. While the “ miscella '' 
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in each tube is stationary, the fines settle 
into the lower part passing out through the 
bottom of the column with the flakes of the 
material. 

One of the latest models of the continuous 
solvent extraction plant is now operating 
near Wooster, Ohio, U.S.A. The plant does 
not require any elaborate factory instal- 
lation. It is placed in the open with no 
building of any sort, thus eliminating 
explosion hazard inherent in housed equip- 
ment, especially when hexane is used as 
a solvent. The extraction unit is located 
50 ft. away from the preparation building. 
It is thoroughly insulated and weather- 
proofed. The equipnient is largely pre- 
assembled and compact, different pieces of 
the unit supporting one another so that no 
special building or frame-work is needed 
except for a concrete footing and foundation 
slab. 

Remote Control 

The outdoor extraction unit is remotely 
controlled from a room in the preparation 
department by one operator. Push-button 
station, complete with pilot lights for all 
equipment, are grouped in accordance with 
the operating sequence. All principal equip- 
ment of the extraction unit are electrically 
interlocked. It is, therefore, necessary to 
start the plant in proper sequence and inter- 
ruption to any unit shuts down equipment 
ahead of it. The grouping of all instruments 
at one location gives the operator very close 
control and allows finer co-ordination of 
the entire operation. 

The vapour scrubbing device located 
between the main condensers and the solvent 
recovery dryers afford protection to the main 
condenser by separating dust that might 
come off with the vapours from the solvent 
recovery dryers which, if allowed to enter 
the condenser unit, affect the efficiency of 
the condensers, thus increasing the solvent 
loss. The equipment is designed with two 
main condensers, each having a sufficient 
capacity to take care of the entire plant in 
case any cleaning operation should ever 
be necessary while the extraction unit is 
in operation. The evaporator, vaporizing 
chamber and stripping column are built in 
one column with the further advantage of 
using waste heat from one element as the 
heat source for the other saving in steam, pip- 
ing and insulation. Tfiis solvent extraction 
unit is elegant in design, practically trouble- 
free, and requires less labour and space. 


Solvents 

The selection of the most suitable solvent 
depends on the following considerations : 

The solvent desirable for vegetable oil 
extraction should take up the oil selectively 
and dissolve* a minimum quantity of wax, 
resin and colour ; otherwise this may result 
in a dark crude oil involving high refining 
costs. The solvent should be low boiling 
with a narrow boiling range and chemically 
inert, leaving no odorous residue. Among 
the solvents now in use are alcohol, carbon- 
disulphide, chloroform, ethyl ether, methyl 
chloride, acetone, benzene and petroleum 
ether. In Europe, the common solvent 
recommended by the manufacturers of 
equipment is benzene, b.p. 70®-90°C. This 
has an aromatic flavour and, in order that 
no aromatic smell is present in the products, 
the meal is de-aerated in the process. In 
the United States, where the continuous 
system is followed, the solvent recommended 
is normal hexane, b.p. 62°-65X. Both 
the solvents have good selectivity, excellent 
stability and low evaporation residue, but 
they are inflammable. The Japanese have 
reported the use of alcohol as a solvent for 
the batch extraction of soya-beans in a plant 
at Darien, Manchuria. They have published 
data on the miscibility of soya-bean oil in 
various ethanol water ratios. The data 
shows that absolute alcohol ( 99-52 per cent ) 
is miscible in all proportions with soya-bean 
oil above 67-3°C. At the lower alcohol 
concentration, 95-92 per cent, the oil solu- 
bility is greatly reduced, and complete 
miscibility is not attained even at the 
boiling point, 78°C. However, the solvent 
proportion of 95 per cent alcohol may be 
brought into a practical solvent range by 
operating under sufficient pressure to bring 
the temperature to 90®C. ; obviously, the 
separation of the miscella from the oil- 
bearing material must also be carried out 
under pressure. Both 95 per cent alcohol 
and absolute alcohol remove water from oil- 
bearing Aieal at the moisture content usually 
employed in solvent extraction, and quickly 
becomes diluted to such an extent as to be 
of no further use as an oil solvent unless 
rectification and dehydration be used to 
remove the water. To minimize the dilution 
of alcohol, the Japanese recommended that 
the moisture content of the oil-bearing 
material be reduced. In fact, under the 
ordinary conditions of drying, the moisture 
content of soya-b^ns is often reduced below 
3 per cent and an actual improvement 
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takes place in the efficiency of alcohol as 
an oil solvent. 

Solvent Loss in Tropical Climates 

Solvent loss is the chief consideration in 
all solvent extraction units. Various equip- 
ment manufacturers have adopted varia- 
tions in design in order to see that the 
solvent loss is kept within a reasonable 
limit. In all the designs the local consi- 
derations as to air temperatures, humidity 
and temperature of cooling water available, 
physical condition of raw material while 
entering the extractors, have been given 
careful consideration. The average sum- 
mer temperature of cooling water available 
in this country is about 90°F., while the 
temperature of water on the Continent and 
in the United States is only 65°F. To cool 
the temperature of water from 90°F. to 
65 °F. requires a big refrigeration unit, 
which means the process is uneconomical. 
For this the condenser should be designed for 
a high flow rate of cooling water ; if the 
solvent loss turns out to be high, the vent 
gases can be directly led into a dephlegmator 
unit where it can be cooled by a small 
refrigeration unit and condensing the solvent 
vapour sufficiently well below the vapour 
dew point. 

Cost Estimates per 24-hour Day 

Basis for Solvent Extraction of 

Groundnut Pressed Cakes 


Raw Mate vials — 

50 tons oil cake of approx. 10% oil 
content at Rs. 130/- per ton 


Ks. a. p. 
6,500 0 0 


Utilities — 

(a) 70,000 lb. process steam at 140 lb. 
per sq. in. corresponding to 4‘6 
tons coal at Rs. 30/- per ton 

(b) 13,750 gal. make-up water re- 
quirement, i.e. 5% of the total 
water circulated at Re. 1/- per 
1,000 gal. 

(c) 1,500 kWh. electricity at \ anna 
per unit 

(d) Solvent haxane based at 1 % loss 
equivalent to 120 gal. per day 
( Price Rs. 3/- per gal. ) 

Labour (.<>■ Supervision — 

1 Technical manager - Rs. 900/- 
per month 

3 Solv^ent plant operators - 
Rs. 1050/- per month 

3 Assistant solv^ent plant opera- 
tors - Rs. 600 - per month 

3 Mechanical engineers - - Rs. 900/- 
per month 

3 .\sst. mech. engineers — Rs. 450/- 
per month 

3 Hoiler engineers — Rs. 600/- per 
month 

6 Preparatory plant tenders - - 
Rs. 600/- |>er month 
Depreciation at 10% on Rs. 10,00,000 
per year 

Total per day 


Credit for Sale Proceeds 
4 tons of oil based at 8% recovery 
and .selling at Rs. 1,125/- per ton 
46 tons oil cake at Rs. 100/- per ton 

Total 


Rs. a. p, 
138 0 0 

14 0 0 

47 0 0 
360 0 0 

185 0 0 


335 0 0 
7,579 0 0 

4,500 0 0 

4, 600 0 0 
9,100 0 0 


Profit per day Rs. 1,521/- ( 45% over investment ) 


R E E E R E N C E 

1. Beekel, a. C. : /. Amer. Oil Chemists Soc., 1948, 
25, 7. 


N 0 n-T echnical Notes 


RUBBER-LINED EQUIPMENT FOR 
CHEMICAL INDUSTRIES 

Rubber offers a high degree of resis- 
tance to many corrosive liquids and, 
therefore, rubber-lined equipment is find- 
ing increased applications in the processing 
corrosive substances in chemical industry. 
Rubber can be made to adhere strongly to 
materials like iron, steel, wood and concrete. 


The usual practice followed in industry 
for the rubber-lining of equipment is to 
make suitably prepared sheet rubber adhere 
to the basic material by the use of adhesives. 
Rubber latex has been used only on a limited 
scale in rubber-lining. 

Methods for using latex for the rubber- 
lining of equipment have been developed. 
The standard procedures have teen modified 
and adapted to suit Indian conditions. 
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Actual working details of the processes are 
covered by Indian patents, and the ‘‘ know 
how " will be made available to parties taking 
up commercial production according to these 
patentarr 

Process 

The methods employed for rubber-lining 
are : . 

(i) electro-deposition of rubber ; and 

(ii) ionic deposition of rubber. 

(i) Electro^deposition — ^This method is parti- 
cularly suited for small metallic equipment 
of complicated shape. The article to be 
lined is first subjected to a pre-treatment. 
It is then immersed in a properly compounded 
latex bath from which rubber is anodically 
deposited on the article. 

Methods have been developed to improve 
the mode of preparation of the latex bath, 
and also to improve the quality of the 
rubberrlining obtained. 

(ii) Ionic Deposition — This method can 
be used for rubber-lining chemical equipment 
of large size. 

Films of suitably compounded latex are 
made to adhere to pre-treated surfaces of 
articles employing the principle of ionic 
deposition. A wide range of rubber composi- 
tions to suit the requirements of individual 
industry has been developed. 

In addition to the general application of 
this method, special mention may be made 
of the fact that wooden boxes can be ren- 
dered suitable for use as storage battery 
containers by lining with rubber. 

Raw Materials 

The raw materials and chemicals required 
for these processes are lasily available in 
India. 

Equipment 

The process can be advantageously 
exploited by existing rubber-goods manu- 
facturers. Most of the equipment required 
would be available with them. For general 
guidance, a list of equipment needed is given 
below. 


Approx, cost 


Rs. 

(1) One porcelain ball mill ( without 800 

motor ; approx, capacity, 2 gal.) 

(2) One mixer ( without motor ; to be 300 

fabricated locally ; approx, capacity 
2 gal.) 

(3) One vulcanizer ( to be constructed 1,000 

locally ) 

(4) Three motors 1,200 

(5) Three rubber-lined, mild-steel tanks ; 600 

(i) zinc plating, (ii) rubber deposi- 
tion, (iii) washing, each 3'x3'x4', 

@ Rs. 200 each ( rubber-lining may 
be done locally ) 

(6) One air compressor ( with motor and 2,500 

shaft system ) 

(7) One spray gun ( medium size ) 200 

(8) Building with 2 rooms, 13' X 15' each 5,000 


Total 11,600 


Cost Sheet 

Electro-deposition Basis — 

Manufacture of 50 sq. ft. rubber-lined area per 
day of 8 hours : 

Working Capital — 

Rs. 

1. Power at 1 anna per unit, 400 kW. 114*06 

for zinc plating and 1.425 kW. for 
rubber-lining of 50 sq. ft. 

2. Rubber chemicals including pure 20*00 

zinc anodes and water 

3. L>epreciation TOO 

4. Management 6- Labour — 

1 Assistant chemist at Rs. 250/- 

p.m. ( 24 working days ) 

4 Coolies at Rs. 90/- p.m. each 
( 24 working days ) 

5. Miscellaneous 5 00 


Total 165*46 

Estimated cost to rubber-line 1 sq. ft. area : 

Rs. 3/4/0. 

Spraying Basis — 

Manufacture of 100 sq. ft. rubber-lined area per 
day of 8 hours : 

Rs. 

1 . Power at 1 anna per unit ( 1,200 kW. ) 75*00 

2. Chemicals including water 40*00 

3. Depreciation 1 *00 

4. Management 6^ Labour — 

1 Chief chemist at Rs. 350/- p.m. 

6 Coolies at Rs. 90/- p.m. each 
1 Steno-typist, at Rs. 150/- p.m. 

( 24 working days ) 

5. Miscellaneous 3*0 


Total 162*00 





NOTES 


Mold Amylase by 

Submerged Fermentation 

The mold-bran method anj) 
the amylo method arc two 
procedures normally employed in 
commercial practice for the pro- 
duction of mold enzymes. From 
the standpoint of distillery opera- 
tion, however, both these methods 
possess certain disadvantages. In 
mold-bran production, consider- 
able labour, processing space and 
equipment, as well as a cereal 
bran substrate are required, while 
in the amylo process the entire 
mash volume must be pre-lique- 
fied and aerated under pu re- 
culture conditions. .\s a result 
of a survTy conducted at the 
Northern Regional Research 
l.aboratory, Peoria, U.S.A., a few 
molds have been isolated which 
are capable of producing starch - 
hydrolysing enzymes when cul- 
tured under submerged conditions 
( hid. Eng. Chem., 1949. 41 , 100 ). 
Laboratory studies showed that 
culture liquor from one strain, 
Aspergillus riigcr NRRL 337, 
completely replaced malt when 
added to corn mashes at the rate 
of 10 to 20 per cent of the linal 
mash volume. 

Pilot-plant experiments were 
conducted to obtain data on the 
following points : extent of en- 
zyme production in deep tank fer- 
mentations under varying rates of 
aeration ; the relationship between 
enzymatic potency of the mold 
culture liquor and the quantity 
required to replace malt com- 
pletely ; alcohol yields obtainable 
by the continuous use of fungal 
amylases for the saccharification 
and fermentation of corn ; and 
design and cost of operation of 
submerged process for production 
of fungal enzymes. 

The results showed that sac- 
charification was satisfactory and 
alcohol yields were comparable 
to those obtained with malt 
when mold culture liquor equi- 
valent to 6 to 10 per cent of the 
final mash volume was used. 
The cost of amylase produced by 
this process is estimated at 6 06 
cents per bushel of grain processed^ 
as compared with 12*1 cents in 
the case of malt. 

Corn meal, starch, molasses, 
maltose and commercial glucose 
were found to be suitable subs- 
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trates. Corn-steep liquor, still- 
age, soya-bean meal and animal 
tankage were found to be good 
.sources of protein. Calcium car- 
bonate appeared to be beneficial 
in maintaining optimum pH 
levels during fermentation. 
Sterile air is supplied at a rate 
of 0*25 vol. per vol. of medium 
per min. Mechanical agitation 
was also employed. Malt stillage 
can be replaced satisfactorily 
with mold stillage as the substrate 
for mold cultivation and can be 
used continuously. 

Concentration of Latex 

A PROCESS FOR THE RAPID CON- 

centration of Type III GR-S 
latex is described ( hid. Eng. 
Chem., 1949. 41 , 156). The 

process, which is an improvement 
on the German method of latex 
concentration, permits a more 
rapid concentration of GR-S lati- 
ces to solids content considerably 
higher than were achieved by the 
German method. The process 
involves gelation by the addition 
of an electrolyte (sodium chloride) 
and cooling, and subsequent pro- 
cessing of the mix to 3 ield a 
fluid and rapidly filterable mass. 

The sample of CiR-S latex to 
be concentrated is analysed for 
soap and rubber content, and if 
the soap content is less than 
0*25 milliequivalent per gm. of 
rubber, a solution of pota.ssium 
soap of K. wood rosin is added to 
bring the soap content to O’ 28 to 
0 29 milliequivalents. The pH 
is maintained between 10’5 to 
11*5 by the addition of requisite 
quantity of sodium hydroxide 
solution. In the next stage 3N. 
sodium chloride is slowly added 
to the latex to give a final concen- 
tration of approximately 0‘24N. 
sodium chloride in the final 
volume of latex and salt solution. 
It is essential that all the additions 
to the latex are made with 
agitation. The salt latex-salt 
mix is cooled as soon as possible 
after preparation by surrounding 
the vessel with an ice-bath. 
During cooling the mass should 
be agitated continuously. The 
cooling is continued through the 
gelled stage and the subsequent 
thinned stage until the tempera- 
ture of 5°-8°C. is reached. The 
material is now ready for filtration 


through a double-walled Buchner 
funnel, pre-cooled by ice-water. 

It is preferable to over-concentrate 
the latex and dilute it back to 
the required concentration. The 
filter cake is transferred to a 
closed container, allowed to warm 
up to room temperature and 
blended by agitation. 

Exceptionally stable latices of 
60 to 70 per cent solid contents 
and above can be obtained by 
this method, and they exihibit 
all the characteristics of a good 
latex. Pilot-plant studies have 
shown that the process works 
well in large-scale j ictice, and 
suitably prepared Type III GR-S 
latex can be filtered readily on 
an Oliver filter. 

Physical Constants of 

Leather & Collagen 

Investigation conducted at 
the National Bureaii of Standards, 
IJ.S.A., on leather has added 
fundamental data on the physical 
and ph3^sicc)-chemical properties 
of leather and collagen ( /. 
Eranklin Inst., 1949, 247, 155*). 
A knowledge of these constants 
may permit utilization of leather 
in applications requiring specific 
properties possessed by leather 
but as yet unknown. The effect 
of tannage and other treatment 
on values of such constants may 
yield valuable information con- 
cerning the structure of collagen 
and the mechanism of tanning. 

vSince leather is a porous 
material containing as much as 
60 per cent void space, most 
measurements of physical pro- 
perties of the leather substance 
present obvious difficulties. One 
method of solving this problem 
lies in completely filling the 
leather with a liquid and ascer- 
taining the properties of the 
liquid-leather system. This 
approach has been used at the 
Bureau s leather laboratory to 
obtain data on the cubical ex- 
pansivity of leather. Using water 
as the confining liquid, dilato- 
metric measurements of a water- 
leather system were made and 
compared with measurements on 
a similar system containing water 
alone. As a result of these 
measurements it was found that 
the average expansivity of 540 X 
10*®/X. applied for collagen and 
all leather except chrome- vege- 
table leather. The average ex- 
pansivity of the latter tannage 
is 340 X 10 ®/'’C. These averages 
have reproducibilities as indi- 
cated by standard deviations of 
13xl0*TC. and 37xl0-»/X.. 
respectively. 
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Leather, when heated in water 
above a well-defined temperature, 
depending on tannage and other 
factors, undergoes shrinkage. The 
temperature nt which shrinkage 
begins is defined as the shrinkage 
temperature and is considered 
a measure of the efficiency of the 
tanning process — the higher the 
temperature, the more thorough 
the tannage. During the dilato- 
metric studies it became evident 
that the apparent shrinkage 
actually represented an increase 
in real volume. This increase 
in volume amounted to approxi- 
mately 1 per cent and was 
irreversible in character although 
the purely thermal expansion 
was found to be nearly completely 
reversible. It was also observed 
that this increase in real volume 
occurred very slowly at tem- 
peratures well below the shrinkage 
temperatures of the specimens 
found by regular test methods. 
This indication that shrinkage 
was a rate process was substan- 
tiated by a rate measurement 
which indicated that the expan- 
sion occurring during shrinkage 
follows a first order process. 

Improved Guayule Rubber 

The improvement of guayule 
rubber by shrub retting has been 
recently investigated ( Ind. Eng. 
Chem., 1949, 41, 346). By ret- 
ting, the resinous contaminations 
of the crude rubber are reduced 
to about half the quantity 
present in unretted guayule 
rubber, tensile strength is in- 
creased by 50 per cent and some 
other physical properties are 
improved. 

For rapid retting, shrub mois- 
ture content is to be main- 
tained between 35 to 55 per cent 
on a wet weight basis. Tem- 
peratures should never exceed 
fiO'^C. ; for unmixed or occasional- 
ly mixed shrub, the safe limit 
is 55°C. ; for continuously mixed 
shrub, temperature should be 
maintained from 25X. to 35°C. 
All degrees of mechanical reduc- 
tion from whole shrub to finely' 
crushed, shrub may be used'. 
More finely cut or crushed shrub 
will ret more rapidly, but is 
suitable only for mixed rets, 
while coarsely cut or whole 
shrub may be used only for 
tinmixed rets. The natural pH 
of the shrub is satisfactory for 
initiating the retting process. 

The methods of retting, which 
have been investigated, fall into 
2 categories : those not involving 
any disturbance of the shrub 
during the retting period, and 


those involving occasional or 
continuous mixing. In the first 
category, floor retting and bale 
retting gave satisfactory retting. 
Depth of piling must be correlated 
with the degree of mechanical 
reduction and the retting time 
will be from 1 to 2 weeks. Whole 
shrub can be retted in the bale 
following parboiling, defoliation, 
and rebaling, with a retting 
period of approximately 2 weeks. 
In the second category are in- 
cluded floor retting with occa- 
sional mixing, and drum retting 
with continuous mixing. 

Retting on the floor with 
periodic mixing ( 4 to 6 times a 
day ) requires that the shrub be 
rather finely cut ( 0*5"' followed 
by crushing ), the depth of piling 
be clo.sely correlated with the 
size of cut, and the retting 
period be adjusted to 6 or 7 
days. Shrub cut to 0 5"' on a 
rotary cutter, piled 10" deep, 
and retted for 7 days has been 
found to give excellent improve- 
ment in quality and optimal 
recovery of rubber. Temperatures 
may range up to 60X. or even 
slightly above in parts of the 
shrub, but the moisture content 
should be kept in the range of 
45 to 50 per cent by adding 
water as needed. Drum retting 
provides the neatest and easily 
controllable method of retting. 
.\eration, moisture, and tempera- 
ture can be kept under conti- 
nuous control at the desired 
level, and very finely reduced 
shrub can be used without the 
danger of anaerobiosis. Conti- 
nuous and uniform maintenance 
of optimal conditions permits a 
reduction of the retting period 
to 3 days. 

Plating of Plastics 

A PROCESS, SIMILAR TO ELECTRO- 
deposition of rubber films from 
aqueous latex, has recently been 
developed at the Columbia Uni- 
versity for the production of 
plastic-coated products {Ind, Eng. 
Chem., Feb. 1949, 15A). Sheets 
of uniform thickness are obtained 
and complex “ hollow ” shapes 
can be “ plated " from a plastic 
emulsion add can be conducted 
in ordinary plating tanks. How- 
ever, this technique produces a 
film less than a millimeter thick 
and building up of thicker films 
is time-consuming and does not 
produce a uniform sheet. ' - 
The latices used may be pre- 
pared from any plastic material 
which will form a stable aqueous 
emulsion containing 55 per cent 
solids. A plating tank divided 


by a thin barrier of porous 
porcelain is used. The latex is 
placed in the anode compartment 
of the plating tank, the cathode 
chamber being filled with a 50 
per cent sodium chloride solution. 
The porous divider is necessary 
to prevent hydrogen evolved at 
the cathode from migrating to 
the anode and interfering with 
the deposition of the plastic. 
Copper cathodes may be used 
since the cathode does not dissolve 
into the electrolyte. 

The choice of the anode is 
important. Nickel, which has 
proved impracticable for the 
electro-deposition of rubber, is 
especially effective for plUvStics. 
Zinc, which is widely used for 
rubber deposition, destabilizes 
vinyl type of plastics. Passivated 
metals such as aluminium tend 
to form a spongy film. 

Metal-free films can be formed 
by depositing the plastic on a 
porous barrier, or mould of 
alundum or porous porcelain. 
Mercury, used as an anode either 
behind the barrier or contained 
in the body of the mould, forms 
insoluble anode products which 
do not penetrate the barrier. 

If the coating composition 
contains a plasticizer, the film 
is coherent and firm but does 
not attain its maximum tensile 
strength until it has been baked 
for half an hour at 80" to 105 "C. 
Unplasticized latices produce soft, 
crumbly films but these can be 
cured at a temperature of about 
150"C. for an hour to produce 
a fused, hard sheet. 

The tensile strength of the 
cured films is superior to that of 
dipped or sprayed film and 
approaches that of moulded pro- 
ducts. This property could be 
enhanced by using emulsifying 
agents in the latex which would 
either volatilize or combine with 
the polymer during heat treatment. 

The power requirements for 
electrolysis are small. When 
depositing on metal anodes, 2 to 
4 V. are required, about one-fifth 
to one-tenth the potential differ- 
ence used in the electro-deposi- 
tion of rubber, deposition effi- 
ciency is about 2,500 gra. per 
faraday and at rates as high as 
100 kg. per kW./hr. Best effi- 
ciency is obtained at rates between 
10 and 20 kg. per kW./hr. with 
current densities of about 20 ma. 
per sq. cm. Under these condi- 
tions a 01 25" film can be 
deposited in about 15 min. on 
metal electrodes. Porous forms 
reduce the rate of deposition by 
about 15 per cent. 
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Optical Glasses 

A NUMBER OF NEW OPTICAL 

glasses, their properties and ap- 
plications have been des- 
cribed ( Nature, 1949, 163 , 412 ). 

With the introduction of 
barium crown glass, many new 
types of photographic lens became 
possible. This glass greatly 
improved all lenses of the air- 
spaced' type. In 1934 sample.s 
of unusual glasses with charac- 
teristics Wd in the region of 
185 and v the reciprocal relative 
dispersion of 47 '0, were in exis 
tence. 

Lanthanum is very soluble in 
boric acid, and its contribution 
to higher refractivity without 
increase of dispersion is remark- 
able. The oxides of tantalum, 
thorium and tungsten are soluble 
in the lanthanum borate base 
glass in amount up to 35 per 
cent. These new borate glasses 
arc very stable and hard. They 
are harder than flints, stable to 
the atmosphere, and amenable 
to optical shop practices of 
moulding, grinding and polishing. 

Early in the development work 
it was found that the rare-element 
borate glasses were extremely 
corrosive to all known pot refrac- 
tories and platinum was employ- 
ed for the actual production of 
the.se glasses. This was justified on 
the basis that no platinum would 
be lost by contamination, and 
that the glass, once homogenized, 
could be poured in its entirety, 
free from striae, into a single 
slab' or into cast shapes without 
striae, seed, bubbles or other 
defects usually attending a glass 
made in a refractory pot. The 
first of the new glasses to be 
made had a refractive index of 
1’7445 and a reciprocal relative 
dispersion of 45*8. The glass was 
slightly yellow, but further work 
established the origin of the 
yellow colour, and finally glasses 
were produced as colourle.ss and 
homogeneous as any other optical 
glass. 

Since 1940 the types of these 
glasses in production have been 
extended, and at the pre.sent 
time the following seven types 
are being made : 


EK — no 

no 

1*69680 

V 

56*2 

— 210 

1*73400 

51*2 

— 310 

1*74500 

46*4 

— 320 

1*74450 

45*8 

— 330 

1*75510 

47 2 

— 450 

1*80370 

41*8 

— 448 

1*88040 

41*1 


All these glasses contain thor- 
ium, and in the case of folding 


camera, in which the lens may 
rest for a long time in close 
proximity to film, the radio- 
activity of the thorium may be a 
disadvantage. A thorium-free 
equivalent of EK — 320 is avail- 
able. 

The most useful of these new 
glasses were flint glasses con- 
taining titanium oxide and fluo- 
rine in addition to silica. The best 
glasses lie in the region 45 per 
cent silica, 28 per cent titanium 
oxide, and 27 per cent .sodium 
fluoride, ranging in optical pro- 
perties from Wp l*65/v 29 to wp 
1'58/v 36*6. The gla.sses can 
be moulded, are very resistant 
to tarnish, and are easily fabri- 
cated by the usual optical 
methods. 

The fluosilicate flints are almost 
as useful to the optical designer 
as the high-index glasses, since 
they extend the possible differ- 
ence between crown and flint 
refractive index and between 
crown and flint di.spersion. With 
these glasses, three-element lenses 
have been designed to give even 
better performance than the usual 
four-element types. K. H. Sun 
of the Kodak Research Labora- 
tories has successfully produced 
novel mixtures in .some 20 quite 
different glass fields including 
fluo-borate, fluo-germanate aiul 
ff uo-phosphate .systems. 

.\n interesting group of glasses 
are those containing no oxides 
and composed entirely of ffuorides. 
The.se glasses show the charac- 
teristic low refrcictive index and 
extremely low dispersion pre- 
viously available only in fluo- 
ride minerals. The refractive 
index in most of the glasses 
is approximately 1-38 to 139 
and the v -value, 100. Moreover, 
the glasses are transparent to be- 
low 300 mp in the ultra-violet and 
to 5p in the infra-red. .so that 
they may be very useful in the 
making of instruments requiring 
optical transparency over a wide 
range of wavelength. Difficult- 
ies are met with in the produc- 
tion of these all-fluoride glas.ses, 
but it is possible that these 
difficulties may be overcome 
in the near future. 

Failure of Railway Materials 

With increasing speeds, 
heavier revolving masses and 
greater overall weights of main- 
line locomotives, the need for 
sound materials both in the 
track and rolling stock has 
become of paramount importance. 
Fatigue and other causes of 


fracture in engineering materials 
and parts have been widely 
investigated in recent years, and 
the root causes are now fairly well 
understood. So far as railway 
track materials are concerned, 
transverse fissures in rails at one 
time were a source of frequent 
discontinuity in service, although 
such occurrences have now been 
greatly reduced by improved 
methods of manufacture. As re- 
gards rolling stock, the highly 
stressed portions of locomotives 
are siusceptible to frac'ure arising 
from fatigue cracks usually ori- 
ginating in faulty d( )gn or due 
to indifferent machining and 
finishing of surfaces. 

The failures of rails through 
transverse fissures \.'ere first 
observed in the United States, 
where, up to 1932, no fewer than 
65,281 cases had been reported, 
repre.senting an average of 6’ 14 
failures per 100 miles of track 
per annum. The true transverse 
fissure starts in the railheads, 
developing from a tiny shatter 
crack or hair-line crack and 
gradually spreading upwards and 
outwards until the unaffected 
sectional area is so weakened 
that it suddenly fractures trans- 
versely under a passing wheel 
load. The origin and develop- 
ment of hair-line cracks in the 
sectional thickness of steel is 
believed to be due to inter- 
granular weakness derived from 
factors assf)ciated mainly with 
steel-making, fabrication and half- 
treatment of the product. Data 
contained in the technical 
literature is not unanimous in 
attributing this phenomenon to 
any well-defined set of conditions. 
It is, however, understood that 
steel-making conditions involving 
the solubility of gaseous elements 
like hydrogen, oxygen and nitro- 
gen in steel, the conditions of 
deoxidation in final processes of 
steel -making, teeming conditions 
and, last but not the least, 
factors associated with the heat 
treatment and fabrication of the 
product particularly in its final 
rate of cooling, all play a part in 
bringing about a state of inter- 
granular rupture in the finish- 
ed product. Unfortunately, the 
Sperry method is not sensitive 
enough to detect hair-line cracks 
themselves so that rails so affected 
cannot be sorted out and scrapped 
at the mill ; the rails must be in 
service long enough for the original 
hair-line crack to develop before 
its presence can be magnetically 
detected. The Skndberg con- 
trolled cooling process has consi- 



248 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 6 


derably reduced the risk of 
hair-line crack formation in rail- 
heads through controlling and 
retarding the rate of cooling of 
the product in a temperature 
range of 200°-400®C, 

Published literature on this 
phenomena does not record 
occurrence of fracture in railway 
tyres. A number of other cases 
of transverse-fissure failure in 
tyres have been examined, each 
tyre steel conforming to standard 
specifications in respect of chemi- 
cal and physical tests and free 
from metallurgical abnormalities. 
In a few cases the tyres that 
failed were fabricated from the 
same cast, which is in itself 
significant ( Iron dv Coal Trade 
Rev., 1949, 158, 6). 

A New Austenitic Alloy 

A NEW ALLOY FOR GAS TURBINE 

blades has been developed by' a 
British firm. Known as G32. 
it is an austenitic alloy having 
a cobalt base and other main 
ingredients are nickel and chro- 
mium. It has also a small 
percentage of niobium. 

G32 has been derived after 
600 experimental melts. Further 
detailed tests are expected to 
show that it will be a worthy 
successor to (il8B ( hitherto pre- 
dominant in the field of gas 
turbine discs ). While, like G18B, 
primarily evolved for turbine 
engines, G32 has been shown to 
have other uses and is being 
produced for furnace parts such 
as cradles and structured 
members ( BIS ) . 

Calcium Carbonate 

Extender Plg^ments 

An important class of Ex- 
tender pigments is the calcium 
carbonate class. A study of 
5 calcium carbonate varieties, viz. 
dry ground calcite, wet ground 
calcite, “ Witcarb regular " ( me- 
dium-fine), fine-particle calcium 
carbonate and “ Witcarb R " 
( ultra-fine ) have been studied 
and the effect of particle size on 
the optical properties of the 
dried paint films and on the 
rheological properties of the 
fluid paint has been investigated 
{Ind Eng. Chent., 1949, 41 , 

390). 

The carbonates cover a particle 
size range from 0*5 to 3*9 microns, 
correspondini5 to specific surface 
areas from 0 32 to 0*55 sq. m. ^er 
gm. The oil absorption values in- 
crease with surface area, showing 
that surface are^^ather than dif- 


ferences in the nature of the sur- 
face is the dominant factor. Form- 
ulations obtained with low acid 
value linseed oil also indicate 
that the particle size Is primarily 
responsible for the variations 
observed in their properties. 

Hiding power, lightness and 
gloss of a paint film increase 
regularly with decrease in particle 
size of the carbonate. Improve- 
ment in the above properties by 
the ultra-fine particle precipitat- 
ed calcium carbonate appears to 
be due to improved dispersion 
of the binding pigment brought 
about by the calcium carbonate 
particles which may function 
as grinding or anti-flocculating 
agents. 

Decreasing particle size of the 
calcium carbonate extender is 
accompanied by a regular increase 
in consistency and yield values 
of the paint. 

Potato Farming in 

the United States 

Within recent years, the 
average yield of potatoes per 
acre over the potato-growing 
territory in U.S.A. has more than 
doubled. In 1948 the average for 
the United States reached 204 5 
bushels per acre. For these greatly 
increased yields, 4 developments 
are chiefly responsible : breeding 
of new varieties, better ferti- 
lizers, beHer sprays and the wide 
availability^ of certified seed 
stock. 

Most important in the pre- 
vention of the spread of disease 
is the development of disease- 
resistant varieties of pptato plants. 
Since 1932, under the national 
potato-breeding programme of 
the U.S. Department of Agri- 
culture, at least 34 new 
varieties of various virtues have 
been distributed to the growers. 

Of second importance in the 
control of disease at planting 
time is the programme of ins- 
pection and certification. A 
corps of government experts have 
the task of examining seed 
potatoes at various stages of 
their field growth and during 
the harvest, to the epd that 
all seed potatoes they certify 
as acceptable will have, at most, 
only a tiny percentage of diseased 
plants. 

The practice of crop rotation 
has been found to be a very 
effective additional control 
measure. If one or two crops 
of some other vegetation not 
susceptible to potato diseases is 
planted after the potato crop, 


the disease organisms, or a large 
majority of them, die of star- 
vation before they can affect 
the potatoes. 

The fourth control measure, 
which is proving effective against 
the rhizoctonia, is the disinfection 
of the seed, either the whole 
tubers before they are cut, or 
the cut seed pieces. One 
recommended adjunct to disinfec- 
tion is the suberization of seed 
pieces. This treatment causes 
the pieces to form over them- 
selves a layer of cork cells which 
prevents their rotting in the 
moist ground. Since this method 
consists only of putting the 
seed pieces in a room with the 
proper humidity and heat for 
a short time, it is becoming 
a widespread and very rewarding 
practice. 

The fifth control measure, now 
very common! in areas where 
late blight and beetles harm 
huge numbers of the plants, 
is the spraying or dusting of the 
potatoes with various chemical 
mixtures. Among them is a 
DDT mixture which seems to 
have splendid effect on flea 
beetle, Colorado potato beetle, 
and leaf hopper. 

In successfully raising seed 
potatoes which meet the strin- 
gent seed certification standards, 
farmers have taken advantage 
of a procedure which requires 
immensely more work at planting 
time but makes the rest of the 
growing and inspection of seed 
tubers much easier and safer. 
This is the “ tuber unit " system 
of planting. All the seed pieces 
from single tubers are planted 
side by side, and a space is 
left at the end of each set of 
seed pieces before another tuber’s 
pieces are planted. A corollary 
of this procedure is that the 
potato seed must be cut on the 
field at the time of planting, 
and after each set of seed pieces 
is planted, the knife used for 
cutting must be disinfected. 

A good deal more care is 
necessary for this method of 
planting than when the farmer 
merely fills his seed, hopper 
with pieces and starts off on 
his tractor. But once planted 
to tuber units, the crop becomes 
highly controllable. 

Another necessary step in the 
programme of constant vigilance 
against potato diseases js 
“rouguing*' where diseased 
plants are removed by a close 
physical examination before they 
have chance to infect whole 
areas ( USIS ). 
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Tropic Prooftnil 

During the war years much 
study and experiment was de- 
voted to tropic proofing and to 
the packing of the equipment 
of every type used by Allied 
forces in Burma, Africa and 
other tropical theatres of war. 
The Directorate of Chemical Re- 
search and Development, Ministry 
of Supply, U.K., on the suggestion 
of the Department of Scientific 
(St Industrial Research, have 
compiled in a booklet ( M.M.S. 
Office, London ; 1949, price 9d ), 
the results of the extensive 
investigations of methods of pro- 
tecting materials and equipment 
from deteriorative effects of 
storage and use in tropical 
climates. This publication is an 
up-to-date version of the war- 
time pamphlet published in 1945 
and is now made available 
for general information of the 
civilian exporters to tropical 
countries. 

The first 3 chapters in the 
pamphlet are devoted to methods 
of testing the efficiency of various 
treatments against fungal and 
insect attack. The remaining 8 
chapters give information about 
the work done for the protection 
during storage and use in the 
tropics of v^arious classes of 
materials and equipment, viz. 
plastics, rubber, leather, wood, 
textiles and cordage, paper and 
packing materials, paints and 
varnishes, lubricants and tem- 
porary metal preservatives and 
finally optical and electrical equip- 
ment. A list of Allied government 
publications is added as an 
appendix. 

Brilliant sunshine, high tem- 
perature and humidity conditions 
and attack by molds and insects 
are the main causes of deterio- 
ration of the above type of 
materials and equipment in the 
tropics. Information relating to 
the choice of materials and 
the protective measures to be 
employed, including the use of 
appropriate fungicides and in- 
secticides where necessary during 
use and storage, has been given 
under each head. The choice 
of any particular method of 
protection should generally be 
governed by a full consideration 
of all the factors likely to be 
involved and preferably after 
comparative trials. On the 
whole, the information contained 
in this pamphlet, although re- 
quiring to be supplemented by 
further details in many cases, 
is of immense practical interest 


to manufacturers, traders and 
users of these materials and 
equipment in India. 

The Defence Services in this 
country do already have a proper 
appraisal of the magnitude and 
importance of the problem of 
tropic proofing and have their 
own development organizations 
working on its differeilt aspects, 
but it should be the task of 
the Indian Standards In.stitution 
to produce appropriate speci- 
fications for general adoption 
by the trade in India. 

C. S. Rao 

Specifications for 

Radio Components 

A SPECIFICATION DESCRIBING THE 
general conditions and procedure 
for durability testing of compo- 
nents for radio and other electro- 
nic equipment is published by 
the Radio Industry Council , U.K. 
The Specification No. RIC/ll 
is the work of the R.I.C. Techni- 
cal Specification Committee in 
consultation with the British 
Radio Equipment Manufacturers' 
Association, the Radio Communi- 
cation c-v Electronic Engineering 
Association and the Radio Com- 
ponent Manufacturers' Federation 
and is the first produced by the 
Committee. It covers approxi- 
mately the same ground as the 
Inter-services Specification No. 
RC.S/H, but caters for the in- 
dustry’s requirements as distinct 
from tho.se of the. Services. 

The object of the Technical 
Specification Committee' s work 
is to produce a series of radio 
component specifications designed 
to ensure a high standard of 
reliability and performance for 
British components during use, 
transit and storagt*. Components 
are examined and their properties 
measured before and after they 
are subjected to the tests and 
their performances under test 
are laid down in the relevant 
component specifications. Com- 
ponents arc classified under heads 
according to their ability to 
withstand extremes of tempera- 
ture and humidity. 

Supplementary design accept- 
ance tests for vibration, salt at- 
mospheric corrosion and mold 
growth are described. 

Copies of the specification can 
be obtained ( price Is ) from 
the Radio Industry Council, 59 
Russel Square, London, W.C. 1. 

Television in Medical Training 

For the first time in Europe 
an audience of 200 medical 


practitioners and students have 
been able to follow a surgical 
operation by television. This 
was on the occasion of the 
anniversary of Holland's oldest 
university at Leiden. Whilst an 
operation was being performed in 
the operating theatre of the 
ho.spital at Leiden, this was 
televized and projected on 2 
screens of l*30xl m. set up 
in the lecture hall in another 
wing of the hospital. 

Philips Eindhocen, who under- 
took the technical arrangement 
of this unique experment in 
television after the m t pains- 
taking preparations, produced 
for tlie benefit of the audience 
a wonderful picture which 
demonstrated beyond a'l doubt 
the enormous possibilities of 
television as an aid to medical 
training. 

PATRA Research Laboratory 

NEW RESEARCH CENTRE WITH 

some 25,000 sq. ft. of floor area, 
to house the scientific and tech- 
nological laboratories of the 
British Printing, Packaging 
Allied Trades Research Associa- 
tion was recently opened at 
Leatherhead, in Surrey. 

The PATRA laboratory stands 
on a 4 5 acre site and is designed 
and sited to allow further ex- 
pansion. The building is 
approximately 200' long and 50' 
wide and of 3 floors. .\n out- 
standing feature is the techno- 
logical laboratory which runs 
from the basement floor up to 
the top-storey floor level. This 20' 
of height and 2,000 sq. ft. of floor 
area will permit the installation 
of printing and packaging 
machinery. Letterpress and offset 
printing plants are installed here. 
.\l.so at basement level are the 
laboratory for mechanical testing 
of packages, the process camera 
room and the electro-deposition 
and stereotyping department, 
and litho plate making section. 
To ensure constant working 
conditions, the atmosphere of 
the technological laboratory is 
controlled at 65 '’F. and 65 per 
cent relative himidity. 

The package-testing labora- 
tory is similarly controlled, 
but contains a variable humidity 
container conditioning the roorn 
with an operating range from 
32‘’F. to m'^F. and 16 to 95 
per cent relative humidity. The 
main laboratory here is equipped 
with rotating drums for testing 
the resistance of containers to 
rough handling with a drop-test 
apparatus. 
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Stores, boiler room and air- 
conditioning plant are housed 
in the basement. 

At ground-ftoor level there 
is the entrance hall, flanked by 
a reception offlce and a committee 
room. Many of the scientific 
instruments used in PATRA’s 
research work are designed and 
made in a workshop on this floor. 
The packaging research labora- 
tory here contains a " make- 
up " table and equipment for 
making experimental packages 
and containers. 

Paper and optics laboratories 
equipped for the study of the 
opacity, gloss and printing 
qualities of papers are also on 
the ground floor. 

Study of the flow and 
deformation of inks and adhe- 
sives is carried out in the 
rheology laboratory ( ground 
floor). The entomology, myco- 
logy and microscopy labora- 
tories are ,also on this floor'. 
Infection and damage to pack- 
ages, books and papers by insects 
and molds, a major item on 
PATRA's research programme, 
is carried out here. 

Scientific research on permea- 
bility in relation to packaging 
and packaging materials is the 
principal task of the packaging 
laboratory on the ground floor. 
Here, there is a variable high tem- 
perature room (for storage trials 
at elevated temperatures, designed 
to operate at controlled conditions 
between 65 ”F. and 140°F. and 
10 per cent and 95 per cent R.H. ) 
and a constant high temperature 
room ( to operate at constant 
tropical conditions, lOO'^F. and 
90 per cent R.H. ). 

Among the laboratories on the 
top floor of the new centre is 
that for surface chemistry where 
the desensitization of litho plates, 
contact angle measurement ( for 
fundamental observations of the 
wettability of surfaces by oil 
and water ), litho-plate-grain 
measurement, anti-corrosion pro- 
cesses for zinc and aluminium 
litho plates, and research into 
the influence of silica in de- 
sensitizing litho plates are among 
the tasks undertaken. On this 
floor is also the general enquiry 
laboratory , for dealing with the 
workshop problems of individual 
members, and the laboratory 
dealing with absorption, oxidation 
and drying o| printing inks. 

Finally the building contains 
offices, a conference room, apd 
the technical library — the key 
to ’which is a card index of over 
J00,000 items ^iipvering books. 
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periodicals, pamphlets, patents, 
catalogues and other matter of 
informative interest to the print- 
ing and packaging industries. 

Multi-purpose Laboratory 

in the Himalayas 

The proposal for setting up 
of a high altitude laboratory 
in the Himalayas was first mooted 
by the Government of India 
in 1947. The proposed laboratory 
will have separate departments 
dealing with the study of snow, 
glaciers and their contribution 
to Indian rivers, astronomical 
and astrophysical observations, 
cosmic rays, biological and geo- 
logical research, and research 
on the flora and fauna of the 
Himalayas. 

An exploratory party, sent 
out last year to select a suitable 
location, recommended a spot 
near Kauri pass, especially the 
12,458' Ghorosan peak area 
which can be easily connected 
by a motor road with Joshimath. 
lower down on the route to the 
plains. 500' below Ghorosan lies 
a vast meadow known as Auli- 
vugyal ( pasture land ) which 
would be suitable for the 
scientists’ colony. The establish- 
ment of a hydro-electric station 
and arrangements for water sup- 
ply would not pre.sent any in- 
superable difficulties at this spot. 

A second exploratory party 
is being sent again by the 
Government of India this summer 
to gather more complete data 
before undertaking the project. 

Institute of Radio Physics 

The West Bengal Premier, 
Dr. B. C. Rov, laid, on April 
21, the founaation-stone of a 
Calcutta University institute 
which will, for the first time in 
India, provide for a post-graduate 
study and research in radio 
physics and electronics. Built 
with a capital grant of Rs. 
5( lakhs and an annual recurring 
grant of Rs. 49,000 from the 
Government of India, the 
institute will be located close 
to the institute of nuclear physics 
of the University College of 
Science. It is proposed to start 
in the institute new research 
schemes on microwaves, both 
fundamental and applied to 
television. 

In recognition of the research 
work carried out by the Univer- 
sity, the Council for Scientific 
& Industrial Research, of the 
Commonwealth * of Australia 
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have offered on permanent loan 
a complete set of ionospheric 
equipment to the University. 
A field-station for this apparatus 
would be built in the agricul- 
tural farm-land offered to the 
University by the Government 
of West Bengal at Haringhata, 
about 35 miles from Calcutta. 

Indian Roads Congress — 

13th Annual Session^ 1949 

This session of the Congress 
was inaugurated by the Hon’ble 
Dr, Srikrishna Sinha, Premier 
of Bihar, on 4th February 1949 
at Ranchi. 237 road engineers 
from all over India attended 
the session which was a pro- 
nounced success. 

In his address, the retiring 
President of the Congress, Shri 
S. N. Chakra varti, stressed the 
important part that roads play 
in all development programmes, 
and referred to the many valuable 
contributions made by the Con- 
gress for the improvement of 
roads in all its aspects such as 
specifications, standards* an I 
design. He emphasized the im- 
portance of research on roads 
and welcomed the establishment 
of the Central Road Research 
Institute at Delhi. He advo- 
cated the establishment of a 
non-lapsing , fund for road 
construction, avoiding waste of 
public money, and rendering 
possible for road engineers to 
complete their road develop- 
ment .schemes according to 
programmes based on availabil- 
ity of resources. The President 
laid particular stress on the 
need for developing village roads 
for the benefit of the common 
man and the country as a whole. 

9 committees and sub-commit- 
tees dealing with specifications 
and standards, bridges, highway 
layout, research organization, 
soil research, test track, . etc., 
held their meetings during the 
session and many technical 
papers were read and discussed. 

Provincial chief engineers held 
a meeting to discuss programmes 
of road development in the 
different regions of the country, 
and measures for co-ordinating 
the work on national highways. 

The exhibition organized by 
the Indian Roads Congress at- 
tracted much attention. The 
Roads Organization of the 
Government of India, Provincial 
Governments, the Indian Roads 
Congress Office, and firms dealing 
with road materials and machi- 
nery took part. Charts, maps 
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and statistical tables of road 
development programmes in 
India, soils and bituminous 
products, models of different 
types of timber bridges, etc., 
were exhibited. The Military En- 
gineering Services had a separate 
section in which machinery and 
modern plant for road construc- 
tion were on show. Considerable 
interest was evinced by the 
delegates in the mobile labora- 
tory for bituminous road work 
exhibited by the Shalimar Tar 
Products Lid., Calcutta, and in 
the road rollers ( steam and 
Diesel type ) exhibited by the 
Government of Bihar. 

Mr. S. M. Gross, Vice-President 
of the International Division of 
the American Road Builders As- 
sociation, gave an interesting 
lecture on “ Modern Drainage 
Practice in Highway Construc- 
tion ” and described some of the 
methods of bridging adopted on 
.American roads. 

Informative and instructive 
scientific films on road-building 
and road-making machinery add- 
ed greatly to the interest of 
the road engineers who had 
gathered in full strength at 
Ranchi to discuss technical 
topics and exchange views on 
problems confronting them in 
their professional work. The Con- 
gress concluded with visits to the 
Barakar Bridge on the (irand 
Trunk Road and to the Tata 
Iron C-- Steel IVorhs at Jamshed- 
pur. 

R. K. N. I. 

Committees on 

Geophysical Studies 

.\n important step for thk 
development of the study of 
geophysics in India has been 
taken by the appointment of 
2 committees by the Central 
Board of Geophysics. 

One committee, consisting of 
5 members, will draw up a 
planned programme for geophysi- 
cal studies in Indian universities 
and the scientific departments 
of the Government of India. 
Another committee of 7 will 
prepare plans of work regarding 
physical and biological oceano- 
graphy covering as large an area 
as possible of the Indian seas. 

The Central Board of Geophy- 
sics, which was constituted in 
March this year and held its 
first meeting recently, has decided 
to approach the Government of 
India for 5 overseas scholarships 
for specialized training in geophy- 
sics this year. Government will 


be also approached for sanction 
for the establishment of magnetic 
and seismographic observatories 
at Dehra Dun in the immediate 
future. The establishment of a 
Central Geophysics Institute in 
India for advanced study and 
research in the science is also 
among the Board's plans. 

National Planning Committee 

The National Planning Com 
mittee, which was appointed by 
the Indian National Congress 
10 years ago, has completed its 
work. The report, which was 
adopted at the Committee's final 
meeting, has, as its appendices, 
the reports of its 29 sub-com- 
mittees. The sub-committees’ 
reports arc published in 26 
volumes, collectively known as 
the National Plannin" Committee 
Series. 

The Committee defined its 
own objectives, laid out a bold 
code of wide instruction for the 
guidance of these sub-committees 
and prescribed clear-cut norms 
and stages for the completion 
of its comprehensive task. 

The reports of the 29 original 
sub-committees and 2 ad hoc sub- 
committees deal with the fol- 
lowing : (1) manufacturing in- 

dustries : (2) chemical industries ; 
(3) population ; (4) trade ; {5) 
power and fuel : (6) women’s 

role in planned economy ; (7) 
rural marketing and finance' ; 
(8) labour ; (9) river training 

and irrigation ; (10) animal hus- 
bandry and dairying, fisheries 
and horticulture; (11) national 
housing; (12) education (general 
and technical ) ; (13) communi- 
cations ; (14) engineering indus- 
tries and industries connected 
with scientific in.struments ; (15) 
mining and metallurgy ; (16) soil 
conservation and afforestation ; 
(17) insurance; (18) land policy 
and agricultural, labour and 
insurance ; (19) rural and cottage 
industries; (20) industrial finance; 

(21) crop planting and production ; 

(22) currency and banking ; (23) 

public finance ; (24) transport 

services ; (2$) national health ; 

and (26) national planning, its 
principles and administration. 

Central Silk Board 

The Government of India have 
set up a Central Silk Board to 
provide for the development 
under central control of the raw 
silk industry in the country. 
The Board will advise the Central 
Government on all matters re- 
lating to the raw silk industry 


including the import and export 
of raw silk. Among its other 
functions, the Board will devise 
means for improved methods 
of mulberry cultivation, rearing, 
developing and distributing 
healthy silk-worm seed, reeling 
and the supply of technical 
advice to filature and charkha 
reelers and help to improve the 
marketing of raw silk. 

The Board will consist of 
27 members with the Minister 
for Industry and Supply as 
Chairman. By the ^ct under 
which the Board is cbns*ituted, 
it is empowered to lev\ a cess 
on the silk industry. 

Agricultural Census 

In ruRsuANCE of a recommen- 
dation made by the FAO for 
organizing an agricultural census 
in 1950 in member-countries, 
the Government of India have 
appointed a technical committee 
consisting of Mr. VV. R. Natu, 
Economic and Statistical .Adviser. 
Ministry of .Agriculture, as Chair- 
man and the following as mem- 
bers ; Prof. P. C. Mahalanobis, 
Statistical Adviser, ('abinet Secre- 
tariat, New Delhi : Dr, P, AA 
Sukhatme, Statistical .Adviser, 
Indian Council of .Agricultural 
Research; Dr.AAG. Pause, Deputy 
Director ( Research ), Institute 
of Plant Industry, Indore ; Dr. B. 
Natrajan. Economic Adviser to 
the Crovernment of Madras ; 

Mr. G. M. Sankpal, Director, Bu- 
reau of J!lconomics and Statistics, 
(iovernment of Bombay ; Mr. 

K. Kishen, Statistician to the 
Department of .Agriculture 
United Provinces ; Mr. N. C. 
Chakravarty, Department of 
.Agriculture, Forests and Fish- 
eries, (kivernment of West 
Bengal ; Mr. H. C. Kothari, Statis- 
tical Officer, Government of Jai- 
pur; Mr. K.S. Sursinghji, Director 
of Agriculture, Government of 
Saurashtra ; Mr. B. .A. Bomba wale. 
Secretary to the C.Il Government 
Land Records Department ; and 
Mr. J. S. Sharma, Research Officer, 
Directorate of Economics and 
Statistics, Ministry of Agriculture 
( Secretary ). 

The terms of reference of the 
committee are : (a) to examine 
the forms of returns at present 
used by the different provinces 
and States for routine collection 
of data and evolve standard 
forms of returns ; (b) to .consider 
whether any special modifications 
are necessary in the scope of 
enquiry in respect oR areas whefi|i|!;. 
the system of land survey 
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record of rights is not introduced ; 
(c) to explore the directions in 
which the data collected through 
the census of agriculture can be 
usefully integrated with the data 
collected through the census of 
population. 

Village Oilseeds 

Industry Board 

The Indian Oilseeds Commit- 
tee, at its 4th annual general 
meeting, recommended the setting 
up of a village oilseeds industry 
board and a training institute 
at Nagpur for the development 
of the village oil industry. The 
board named The Ghani Advisory 
Board of the Indian Oilseeds Com- 
nnttee will study the progress of 
the schemes sanctioned for ghani 
development and organization of 
co-operative societies. It will also 
supervise the activities of the 
training institute. 

To encourage crushing of seeds 
in village ^hanis the Committee 
requested the Provincial Govern- 
ments to adopt a uniform policy 
with regard to exemption limits 
from sales tax, and suggested 
that the limit should be Rs. 
15,000 in all the provinces. 


The Metal Market Review— 
1949 Annual Number 

To MARK THE COMPLETION OF 

the first year of its publication 
the Metal Market Review has 
brought out a well got-up and 
highly informative special annual 
number ( Vol. 1, No. 25, 1st Feb. 
1949 ). The issue contains a series 
of articles written by well-known 
authorities in various branches 
of metallurgical industries and 
metal trade. 

The number is divided into 
4 parts. The first part deals with 
topics of general interest per- 
taining to metal trade and non- 
ferrous metallurgical industry. 
The second part is mainly con- 
cerned with the ferrous metal- 
lurgy. The third part contains 
valuable statistics. The last part 


is a useful " who is who ” in 
metal trade and industry. 

Grant for Andhra University 

The Government of India 
have sanctioned a grant of Rs. 
770,000 to the Andhra Univer- 
sity non-recurring, and Rs. 88,000, 
recurring, for the expansion and 
development of the Technology 
Department including the or- 
ganization of a new branch in 
pharmaceuticals. The buildings 
are estimated to cost Rs. 380,000 
and the equipment Rs. 390,000. 

Grant for College of 

Technology, Madras 

The Government of India 
sanctioned for the Alagappa Chet- 
tiar College of Technology, 
Madras, a sum of Rs. 2,92,000 
for the college buildings, and 
Rs. 1,13,000 for equipment. They 
have also sanctioned for the 2 
departments of Chemical En- 
gineering and Textile Technology 
an ultimate recurring grant of 
Rs.40,000and 32,000 respectively. 
The grants are made on the 
understanding that the number 
of admissions will be increased 
and the admissions will be made 
from candidates applying from 
tlifferent provinces. 

Announcements 

Grant for Preparation of History of 
Chemistry in Ancient and Mediae- 
val India — The Government of 
West Bengal have contributed a 
sum of Rs. 5,000 towards the pre- 
paration of the “ History of C'he- 
mistry in .\ncient and Mediaeval 
India ” { incorporating Sir P. C. 
Kay’s " History of Hindu Che- 
mistry ” ) undertaken by the 
Indian Chemical Society, 

The Indian Standards Institution 
has issiied the following 5 Draft 
Indian Standards for comment 
by those interested in them : 
Two' standards on Mica ; Coni- 
ferous Timber ; Procedures for 
Testing Cotton Textiles and 


Cordages for Resistance to 
Attack by Micro-organisms ; and 
Draft Indian Standard Style 
Manual. These can be obtained 
by application to the Secretary 
( Publications ) , Indian Stand- 
ards Institution, Block No. 11, 
Old Secretariat, Delhi. 

Comments on these Standards 
should reach the Director, Indian 
Standards Institution, Block No. 
11, Old Secretariat, Delhi, by 
June 30, 1949. 

REPORTS FROM 
STATES & PROVINCES 

( continued ) 

cultivators as a winter crop in 
central districts and for conduct- 
ing trials of Sea Island varieties 
on the west coast. The target 
is to evolve a strain of staple 
length ll/lfi"" and H" over the 
4*5 lakh acre winter crop area, 
yielding 4 lakh bales and 6 lakh 
acres in the west coast districts 
under Sea Island cotton yielding 
1 lakh bales of Xl" to IJ" staple 
length. 

Cycle Factory 

The Government of India have 
provisionally agreed to the es- 
tablishment at Madras of a 
cycle factory by Messrs B.S.A. 
bicycle manufacturers with a capa- 
city of 1 lakh cycles per year. 

Permi.ssion has also been 
granted for the setting up by a 
British firm of a plant for the 
manufacture of earth-moving 
machinery used in building roads 
and dams. 

UNITED PROVINCES 

Soil Laboratory 

The Agriculture Minister of 
the province opened the Regional 
Soil Laboratory at Aligarh on 
April 21. The laboratory, the 
first of its kind in India, will 
undertake soil survey for the 
benefit of agriculturists. 



from 

Provinces 


Reports 
States & 

MYSORE 

Manufacture of Telephones 

The Telephone Industries 
Ltd., Bangalore, has gone into 
production and is assembling 
and finishing telephone instru- 
ments at the rate of 300 per week. 

The factory is now housed in 
2 huge hangars on the site of the 
proposed building. An extensive 
plot of 365 acres have been cleared 
on the Bangalore-Madura Trunk 
Road for putting up the factory 
buildings and residential quarters. 
There will be 8 huge workshop 
sheds with administrative blocks. 
Water and light have been laid. 
To facilitate quick transmission 
a railway siding is provided. The 
buildings are to be completed 
by 1951. T1 k‘ factory when in 
full swing is expected to provide 
employment for 10,000 persons. 

New Engineering College 

Davangere, an important com- 
mercial centre and third largest 
city in Mysore State, is to have an 
engineering college from the com- 
ing academic year. The (Govern- 
ment have also sanctioned the 
establishment of a polytechnic in 
this city. 

BIHAR 

Power Alcohol Plant 

The Revenue Minister of 
Bihar inaugurated the biggest 
power alcohol plant in India at 
Mirganj in Saran district on 
April 13. The plant has a daily 
capacity of 3,000 gal. 

BOMBAY 

Penicillin Factory 

The Rs. 3 crore project for 
the manufacture of penicillin, 
sulpha drugs and anti-malarials 
was approved at a recent 
conference held in Bombay and 
presided over by Dr. Syama 
Prasad Mookerjee, Minister for 
Industry and Supply, Government 
of India. The Conference ap- 
proved of the suggestion to locate 
the penicillin factory at Dehu 
Road, 16 miles from Poona. 


NEW DELHI 

Machine Tools Factory 

Negotiations for an agree- 
ment with the Oerlikon Machine 
Tools Buehrle Co., Zurich - 
(Oerlikon, Switzerland, for the es- 
tablishment in India of a factory 
to manufacture machine tools 
have been .successfully concluded. 
The capital cost of the factory 
is estimated at Rs. 12 crores 
and the value of the production 
at Rs. 7 to 8 crores a year. The 
factory is expected to be com- 
])leted within a period of 4 years. 

The agreement provides inler 
alia that the Swiss firm will 
render all technical assistance 
in the erection of the factory, 
training of Indian personnel and 
direction and supervision of the 
production of the factory for 20 
years from the date the produc- 
tion starts. They will also have 
a small financial interest in the 
project. 

The Swiss firm will train 
Indian workmen, engineers and 
other technical personnel required 
for the factory in Switzerland. 
7'he (Government of India will 
m(‘et only the travelling and 
living expen.ses o( these trainees 
and no fees for training will be 
charged. The firm will al.so set 
up a training school in India for 
the purpose of training Indian 
workmen, engineers and other 
technical men required for the 
factory and provide the necessary 
expert personnel and equipment 
to train such men. They will 
endeavour to train Indian per- 
sonnel in such a way that within 
a period of 10 years from the 
date of the starting of the factory 
there would be sutheient number 
available to hold not less than 
85 per cent of the technical 
posts in the factory. 

MADRAS 
Millet Research 

The opening of four millet 
research stations has been sanc- 
tioned by the (rovernment as a 
temporary measure in the scheme 
for making the province self- 


sufTicient regarding millets. 
Narasapatam in Vizagapatam 
district, Ongole in Guntur 
district, Tiriipattur in North 
Arcot district, and Ariyalur in 
Tiruchirapalli district will be the 
places at which the new research 
stations will be established. 

The work of these stations 
will be to produce high-yielding 
millets suitable to different parts 
of the province within a period 
of 5 years. The cost of the scheme 
is estimated at Rs. 2 lakhs. 

Paper Research 

The (Government have sanc- 
lioned a scheme for establishing a 
paper rc.search station in North 
Malabar for the purpose of gi\'ing 
scientific assistance to paper in- 
dustry in South India. The 
.scheme will run for a period of 
4 years in the first instance. The 
station is to he located near 
Payyanoor, 

Limestone Deposits 

.V report on the mineral 
resources of 1'iruchendiir and 
Nanguneri taluks of Tirunelveli 
district shows large deposits 
of good limestone estimated at 
9.000.000tonsinSattankulam area. 
This area is ideally suited for the 
location of cement industry also. 

Ergot Production in 

the Nilgiris 

The scheme for the extensive 
production of ergot on the Xil- 
giri Hills has been extended hy 
the (Government for a further 
period of 3 years from the current 
year. The subventions to the 
cultivators of rye has been in- 
creased to Rs. 10-12-0 per lb. 
of dry ergot, in addition to the 
free supply of culture for spraying 
and the necessary equipment. 
Since the inception the scheme 
in 1944 the Agriculture Depart- 
ment has produced 5,745 lb. of 
ergot. 

There has been considerable 
improvement in the quality of 
ergot produced. In 1944-45 when 
the scheme started, the alkaloid 
content of ergot wa. only a little 
over 0 20 per cent and at present 
it has gone up to nearly 0’45 
per cent. 

Growing of 

Long- staple Cotton 

The Government have sanc- 
tioned a 5 -year scheme for the 
evolution of a suitable strain of 
long-staple American cotton for 
( continued on page 252 ) 



INDIAN PATENTS 


The following is a list of a few of the Patent Applications accepted 
in the Gazette of India, Part II, Section I, for April 1949. 


PiMtIc* & PlattIdMrt 

38615. I.C.I. Ltd. : Improved anion exchange 
resins ; Subjecting a chlorinated paraffin wax 
and an alkytene polyamine to an elevated tem- 
perature. 

Inorgimlc Chamlcale 

37423. Delhi Cloth & General Mills Co, Ltd., 
Sharma, Jain & Chipalkatti : Process for 
the conversion of titanium into soluble state 
from materials containing titanium such as 
bauxite sludge : Bauxite sludge in dried form 
is ground and mixed with sulphuric acid and 
heated. 

40185. Anglo-Iranian Oil Co. Ltd. : Catalytic 
desulphurization of a petroleum fraction : 
Passing the distillate vapour over a cobalt- 
molybdate-aluminia catalyst at 700°-800®F. at 
a pressure of 250 Ib.jsq, in. 

40505. N. V. Zuid-Nederlandsche Spiritus- 
FABRiEK : Method of working up waste liquor 
of fermentation industries in which molasses 
are used ; Partly evaporated liquor is burnt to 
reduce the potassium sulphate to sulphide and 
finally treating the sulphide with carbon dioxide 
to obtain potassium carbonate. 

Organic Chemicats 

38339. Sharp & Dom Incorp. : Preparatim of 
benzoic: acid esters of secondary-alkyl ( secon- 
dary ) amino-propanols and butanols and 
the products of said methods : Reacting 
benzoic acid anhydride or halide with secondary 
alkyl amino propanol or butanol. 

38502. I.C.I. New leuco sulphuric esters of vat 
dyestuffs : Forming the leuco sulphuric ester 
in the presence of organic amide in which hydro- 
gen atoms attached to amide nitrogen have been 
replaced by hydrocarbon radicals, 

38S54. I.C.I. Ltd. : New dyestuffs of the anthra- 
quinone series : Sulphonating the product 
obtained by reacting 2 : 3-dichloro^\ : ^-diamino- 
anthraquinone with an alkali meial-phenoxide 
varying a phenyl group in para position , 

38555. I.C.I. Ltd. : Vat dyestuff : Sulphonating 
in the presence of organic amide in which 
hydrogen atoms attacked to amide nitrogen atom 
have been replaced by hydrocarbon radicals. 

38556. I.C.I. Ltd. : New leuco sulphuric esters 
of vat dyestuffs : Sulphonating in the pre- 
sence of an organic amide in which hydrogen 
atoms attached to amide nitrogen atom have 
been replaced by hydrocarbon radicals. 

38653‘ I.C.I. Ltd. : Vat dyestuffs : Sulphonating 
naphthathioindigoid dyestuffs which cofdain 
chloro and I or nitro groups in the naphthalene 
nuclei. , 

38690. Les Usines De Melle : Process for the 
production of acetone and butyl alcohol 
by fermentation : A non-fermentphle acid is 
supplied to fermenting mash by" an amount 


not higher than equivalent of the amount of 
neutralizing agent added. 

40175. N.V. De B.attafsche Petroleum Maat- 
SHAPPIJ : Process for producing alcohols : 
Reacting ethylene with water in the presence 
of a catalyst latter consisting of activated 
bentonite clay impregnated with hydrofluoric acid. 

Food gc Kindred Products 

40544. Lever Brothers & Unilever Ltd. : 
Manufacture of margarine ; Successively warm- 
ing, cooling and subjecting margaHne to 
mechanical working. 

28820. Brown : Grain flour : Temperature of 
ceral maintained below the brittle point of 
flour cells from the lime it is tempered until 
final milling operation. 

Instruments 

37154. Dakshinamurthv : Humidity measurement 
devices : Circuit consisting of wet and dry 
thermocouples and one or more galvanometers 
with switch means to connect the thermocouples 
selectively with the galvanometer. 

Leather & Leather Products 

40231. Neumann : A process for preserving hides 
and skins : After usual liming, bating and 
scudding the pelts are treated with preserva- 
tive comprising common salt and sodium 
metaphosphate. 

Medical Research & Practice, Drugs & Pharmaceuticals 

39121. Marcelle Fleischmann F'oundation 
Inc. : Penicillin preparations : Comprising 
calcium penicillin in beeswax and peanut oil. 

40233. Merck & Co. Inc. : Processes for manu- 
facturing therapeutically valuable salts of 
penicillin G : Reacting in solution an amine 
salt of penicillin G and a salt of alkali metal 
or alkaline -earth metal salts. 

40469. Merck & Co. Inc. : Procaine salt of peni- 
cillin : Reacting penicillin or a salt of penicillin 
with procainejor a salt of procaine. 

Metals 9t Metal Produota 

38508. Metals-gas Co. Ltd. & R. Hunder : 
Processes for coating a metal or alloy : 
Passing a continuous stream of a gaseous 
halide of the coating metal over the metal to be 
coated. 

MIecellaneous 

40957. Jansen l Ceiling boards : Having coconut 
fibre dust as base. 

38683. I.C.I. Ltd.: Sefed dressing: Comprises 
gamma-benzene fiaxachloride and an organic 
mercurial seed disinfectant. 

38845. I.C.I. Ltd. : Seed dressing : Consisting of 
gelling clay mixed with water soluble dispers- 
ing agent and an organic mercury seed dis- 
infectant. 



Natural Resources & Human Welfare 


R ecent discussions on the utiliza- 
tion of natural resources among 
scientists and economists reveal a 
refreshing shift of emphasis from 
exploitation ” to ‘‘ conservation Ex- 
ploitation was the dominant feature of 
resources utilization during the war years 
when “ working plans " were discarded and 
“ slaughter tapping ” was resorted to. The 
very ruthlessness of the exploitation led the 
thinking section of the people — among 
them scientists, technologists and econo- 
mists — to pause and consider the conse- 
quences of current practices on the life and 
productivity of resources which foster and 
sustain life. It was indeed appropriate that 
the Secretary General of the United Nations 
Organization, following the discussions of 
the Economic and Social Council ( March 
28, 1947), decided to call, in August 1949, 
a Scientific Conference on the Conservation 
and Utilization of Resources with a view to 
enable all those who have given thought 
to the subject to exchange information on 
techniques in the field, their economic costs 
and benefits, and their inter-relations. The 
problem has rightly assumed international 
importance, for it transcends national and 
group interests and affects the welfare of 
mankind as a whole. Concern has been 
expressed in various quarters that the lack 
of balance between growing populations 
and waning resources is attaining increasingly 
alarming proportions, and that such lack of 
balance would lead to widespread starvation 
and famine. Since the decision to hold the 
international conference was taken, an Inter- 
American Conference on Conservation of 
Renewable Natural Resources was con- 
vened at Denver, Colorado ( September 7-20, 
1948 ), at which representatives of 21 nations 
examined the conservation problem at the 
technical level. The papers discussed at 
the 'working sessions of the Conference 
emphasised the magnitude of the problem 


and the need for continuing co-op ration 
among nations to ensure effective action 
towards the solution of a problem of such 
vital concern to the human race. 

The Declaration of the Inter-American 
Conference indicates the importance of the 
problem. The crucial problem of our 
generation it states , “ is to safeguard, 
maintain, develop, increase, and wisely use 
for the common benefit of mankind tlie 
natural resources of the earth. . . The 
catastrophe that threatens civilization results 
from man’s failure to live in liarmony with 
the principles that govern his environment.” 

For the effective handling of the problem, 
it is necessary to understand the ” principles 
that govern man’s environment ”. History 
furnishes many examples of civilizations 
which flourished for a time and then decayed 
largely as a result of a lack of harmony be- 
tween the people and the environment. A 
historical study of the systems of resources 
utilization at various chronological ep:)ochs of 
man’s evolution should prove instructive 
and helpful to the proper appreciation of 
the factors that determine man’s prosperity 
and decay. It is im]X)rtant to recognize 
that man lives in ” an environment of many 
facets, related to each other, not as single 
pieces but as a mosaic, the pattern of which 
is not easily discerned at first glance. It 
must be seen in different lights before we 
appreciate its full design and real worth.” * 
For his very existence man must interfere 
with nature and in this act he disturbs one 
or more pieces of the mosaic whose conse- 
quences, if not foreseen and promptly 
remedied, may lead to disastrous conse- 
quences. Resources utilization, therefore, 
must be based on a clear understand- 
ing of the ecological factors constituting 
the environment. 

* Nature, Ecology in Service ol >Iaa (Rev.), 
1945.156,675. 
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Unified Kesources Development 

In the past, when populations were 
sparsely distributed, nomadic existence was 
the rule, and resources were relatively 
abundant, there was little urgency for 
resorting to conservation practices. With 
the growth of population and the coming 
into exist encie of settled life, the pressure 
on resources necessarily increased. The 
resources problem was aggravated by a 
perceptible diminution in the productivity 
of the land and the sea. Industrialization 
and urbanization gave rise to vested interests 
and pressure groups with pronounced ten- 
dencies to exploit resources oblivious to 
consequences. It became clear that re- 
sources utilization must receive prior atten- 
tion if the productivity of what was left is 
to be sustained and the needs of future 
generations are to be provided for. Specific 
short-term corrective devices were inade- 
quate and ineffective, and a scientific 
approach to the managemetit problem, which 
took into account the ecological factors, 
was called for. Long-term programmes of 
a constructive and. restorative character 
provided an effective safeguard against 
permanent damage to productivity. VVater, 
soil, woods, forage, and wild life comprise 
a biotic whole in relative equilibrium, 
the loss of which may result in the ruiri of 
any or all of its constituents.* Unified 
resources development, which takes into 
cognizance the complex nature of the biotic 
balance, offered a plausible solution. How 
this can be achieved on a regional basis 
was amply demonstrated under the leader- 
ship of the late United States’ President, 
Theodore Roosevelt, in the Tennessee Valley. 
This successful experiment stands out as an 
object lesson to the nations of the world, 
and as an example of the tactics and strategy 
of resources conservatibn and management. 

Planning on a National Basis 

In considering national economic pro- 
grammes, it is necessary to examine current 
utilization practices in terms of their effect 
on future resources capacities. The questions 
that demand consideration are : Are we using 
our national wealth faster than it is being 
renewed ? What are the principles of 
management which ensure sustained pro- 
ductivity of renewable resources ? Scientists 
in their approach to the conservation problem 

* H, P. Salazar : W oods and Pastures , Inter- 
American Conference on Conservation; p. 61. 


are inspired by the faith that the world’s 
resources could be developed to take care of 
the economic needs of the people to a greater 
e,xtent than in the past. Every nation is 
concerned with maximizing production, and 
programmes for so doing have received the 
highest priority. How this can be done 
even in countries with limited per capita 
resources is a problem which should receive 
the earnest consideration of scientists and 
administrators alike. In post-war Japan, 
for instance, some of the most intricate 
problems of occupation by Allied Forces 
involved the technology of resources utiliza- 
tion. The National Resources Section, which 
was established in Tokyo immediately after 
the cessation of the war as a special Staff 
Section of the G.HQ. of the Supreme Com- 
mander for the Allied h'orces, has tackled the 
problem of Nippon’s shattered economy 
with conspicuous ability. At the time the 
National Resources Section was set up, the 
position appeared somewhat gloomy. Farm 
lands had been intensely cultivated for cen- 
turies and their fertility had greatly dimi- 
nished. Fisheries and forests had been 
over-exploited. The wealth of the land and 
the sea was concentrated in the hands 
of a relatively few individuals. Sweeping 
reforms in ownership were introduced. 
Reconnaissance surveys were made and a 
general inventory of resources was taken. 
Statistics were collected. Japan’s science 
and technology were built on European and 
American foundations but the liaison between 
them was poor. Re.search and development 
had to be reorganized to produce practical 
results. Economic planning had to be consi- 
dered on a national scale, and the National 
Resources Section, with vision and knowledge 
and armed with reliable factual data, evolved 
working plans for the utilization of both 
renewable and non-renewable resources. 

What is being done in Japan to build a 
good society, economically, socially, and 
liolitically may, if it is successful, serve 
to justify the efforts and sacrifices of mil- 
llions of people in fighting this part of World 
War II.”* 

Conservation must be made Effective 

The success of utilization planning in the 
Tennessee Valley and in Japan are significant, 
and serve as pointers to what is possible to 
achieve in other regions of the world. No 
country can afford to be complacent about 

* Science, 1948, 108, 367. 
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its natural resources, and no country has yet 
formulated or adopted a national policy of 
resources management for maintaining their 
productive potential to perpetuity. What 
has been done only shows what remains 
yet to be done. It is fortunate that in India 
poverty and ignorance in the past had stood 
in the way of exploiting, or even mapping, 
of all her resources, and there is every hope 
that a planned utilization of the resources 
would lead to increased prosperity and a 
higher living standard for her people. The 
initiative taken by the Government for the 
multi-purpose development of water resources 
gives hope that the problem of constructive 
management is beginning to receive attention. 
Scientists have the responsibility of not only 
taking a full inventory of renewable and 
exhaustible resources, but also of evolving 
sound standards of resources management, 
and of influencing national policies. They 
have the even greater responsibility of 
educating the public and making it conserva- 
tion-conscious, for no plan, however sound, 
has any chance of becoming effective unless 
the people are receptive and responsive to 


its principles and techniques. Conserva- 
tion should become a part of the social 
philosophy of the people. 

It is often said that the most serious catas- 
trophe facing humanity is slow starvation. 
This catastrophe can be averted if resources 
utilization is managed on a sustained yield 
basis. Science provides the basis for such 
plans and programmes. What is needed is 
the determination to apply the results and 
methods of science for promoting human 
welfare. By enabling the leading scientists 
and science administrators from all parts of 
the world to meet in conference* and iscuss 
conservation programmes and policies, the 
United Nations Organization has rendered 
a momentous service to the cause of oeace 
and prosperity of mankind. 

* A scientitic delegation led by Dr. Shanti Swamp 
Bhatnagar and composed of the following members 
has been sponsored by the Government of India to 
take part in the forthcoming conference to be held 
at Lake Success : Dr. S. S. Bhatnagar, Dr. J. C. 
(ihosh, Dr. J. X. Mukherjee, Dr P. C. Mahalanobis, 
Dr. M. S. Krishnan, Dr. S. L. Hora and Mr. 

N. Khosla. 


Characteristics of the Ionosphere 
over Calcutta ( April 1949 ) 

S. S. BARAL, R. K. MITRA, D. C. CHOUDHURY, 
(Miss) T. K. PAL N. A. P. MITRA 

Wireless Laboratory, University College of Science, Calcutta 


T he following are the ionospheric 
data observed at Calcutta for the 
month of April 1949. The obser- 
vations were made at each hour 
of the day for 5 days a week. 

Fig. 1 represents the mean hourly values 
of the virtual heights and critical frequencies 
of the Fg layer and the critical frequency 
of the E layer in graphical form. The 
figure represents the mean of both normal 
•and abnormal values. The special feature 


of the Fg region during the month is that 
the ionization maintains a high value from 
about 10 a.m. till midnight. 

Fig. 2 gives the predictions of maximum 
usable frequencies which can be used for 
different distances of transmission during 
July 1949 by reflection at the F region 
over Calcutta. Table I gives the list of 
occasions when the E region ionization was 
found to be abnormal and the corresponding 
penetration frequencies and heights. 
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A Cosmic Ray Radio Sonde 


R. P. THATTE 

Tata Institute of Fundamental Research, Bombay 


M illikan, Neher and PickeringL 
in 1939-40, investigated total cosmic 
ray intensity in India by using 
radio sonde technique, and G-M 
counters singly or in coincidence telescopes. 
They made a latitude survey extending from 
Madras, to Peshawar, 25°N. geomagne- 
tic latitude. The geometry of their coinci- 
dence telescopes was such that their data 
can be compared only with great difficulty 
with any other high altitude data using 
telescopes of different geometry. At the 
7'ata Institute of Fundamental Research, a 
programme was, therefore, undertaken to 
carry out an accurate high altitude survey 
with telescopes of standardized geometry, 
both with and without lead absorber, at 
several different latitudes varying from the 
magnetic equator northwards. In August 
and September 1948, seven high altitude 
soundings were made at New Delhi, 19''N. 
magnetic latitude, as a preliminary to stand- 
ardizing the technique. The results obtained 
will be published separately by Messrs 
A. S. Rao and G. S. Gokhale. The purpose 
of this paper is to describe the apparatus 
used in these flights. 

The Equipment 

Generally speaking, the radio sonde tech- 
nique, when applied to high altitude cosmic 
ray investigations by unmanned balloons, 
consists essentially in transmitting the 
cosmic ray data, along with the pressure- 
temperature data, over an ultra-high fre- 
quency carrier from the balloon-borne 
equipment to the ground station where it 
is received and recorded. The equipment 
used, therefore, will be described in two 
parts, namely the equipment that goes 
up and the equipment on the ground. 

The Balloon-borne Equipment 

This consists of a telescope of chosen 
geometry using G-M counters in coincidence ; 
the coincidence circuit ; the transmitting 
circuit ;^the meteorograph, which sends the 
pressure-temperature data, from which the 
height of the apparatus above ground at 


any instant during the flight can be 
computed ; the necessary H.T. and L.T. 
supplies for the electronic circuits, and the 
H.T. supply for the G-M counters. 

The Counter Telescope — It was ecided 
to use four counters in quadruple coincidence 
instead of the triple coincidence generally 
used, to reduce the relative count due to 
side showers. Fig. 1 is the coincidence 
circuit of the conventional Rossi type. 
The four, 1-N-5-GT-G, 1*5 volt filament, 
sharp cut-off R.l\ pentodes form the four 
Rossi coincidence tubes. The centre wire 
of the G-M counter is directly connected 
to the grid of the coincidence tube, its 
1 megohm grid leak forming the load resis- 
tance of the self-quenching counter. The 
coincidence anode load resistance is 1 meg- 
ohm. All the screens of the coincidence 
tubes are connected together and connected 
to the 90 volt H.T. anode supply through 
a 220K ohm resistor. Although this direct 
connection to the coincidence valve grid 
and the unconventionally high anode load 
resistance are rather unorthodox, they were 
found to give large disci imination ratios 
of the true to false coincidences. For 
example, using a pulse generator with three 
tubes receiving a common pulse and tlie 
fourth having no input, a 140 volt pulse 
was required on the three grids to give a 
coincidence pulse of the same height as 
obtained with only a 4 volt pulse in a true 
quadruple coincidence. Similarly, it was 
found that the ratio of pulse input for only 
two tubes, the others floating, to the true 
quadruple coincidence pulse input was 
still higher than above. 

Fig. 2 is a photograph, showing the 
coincidence circuit mounted on the counter 
telescope frame. 

The Resolving Time of the Coincidence 
Circuit — The resolving time of a coincidence 
circuit has to be low to reduce the accidental 
error. Using the data of Neher and Picker- 
ing* obtained at Agra, 17°N., the total 
intensity of a single counter will be approxi- 
mately 50 times the ground intensity at 
the maximum at high altitudes. Also, the 
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Fig. 1 — The coincidence circuit. 


intensity of a quadruple coincidence telescope 
will be approximately 20 times the ground 
intensity at the maximum. For the counters 
used by us, this would give the rate for a 
single counter of 150 counts per second, 
and 0-25 per second for the quadruples at 
the maximum. 

The resolving time for the above coinci- 
dence circuit was measured by the usual 
method of measuring the accidental rate 
and using the formula 

— for quadruple 

coincidence, 

where il is the accidental rate and iV^ to 
are the counting rates of the four 
individual counters placed in such a way 
that no single particle can pass through all 


of them. The value of x, the resolving 
time, was 7*3>:10-^ sec. 

Thus, at the maximum counting rate of 
a single counter, the accidental rate, cal- 
culated from the same formula for the above 
resolving time, would be 7-87x10“^ counts/ 
sec., which would give an error of only 0*31 
per cent at the maximum expected quadruple 
rate of 0’25/sec. The error would be much 
lower for lower counting rates and, therefore, 
negligible. 

The output circuit of the coincidence 
unit is similar to that used by Neher and 
Pickering® with screen feed-back. With 
the time constants of the feed-back circuit 
as shown, the width of the output pulse is 
0*05 second. The output stage has in its 
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anode circuit a high-speed sensitive relay. 
This valve is normally kept at plate current 
cut-off by the 36 volt grid bias ; the relay 
is in an unenergized state, and the normally 
closed pair of its contacts is inserted in the 
plate H.T. circuit of the coincidence trans- 
mitter. The transmitter, therefore, gives a 
continuous carrier when there is no coinci- 
dence pulse. When the shaped pulse opens 
the relay contacts for 0*05 sec., the trans- 
mitter is switched off for this duration. 
Since the counting rate of our telescope was 
lovV, this method cf having the carrier conti- 
nuously on, except for the duration of the 
coincidence pulse, was found to be a great 
help in keeping the receiver sharply tuned 
to the carrier. 



Fig. 2 — The coincidence telescope — The 

COINCIDENCE CIRCUIT IS WIRED ON A BAKELITE 
PANEL FORMING ONE SIDE OF THE TELESCOPE FRAME. 

Note the short connections from the counter 

ANODES TO THE VALVE GRIDS. ThE VALVES ARE 
DEBASED AND WIRED ON THE PANEL. 



3 — The U.H.F. transmitter circuit — 
The values ok the different components used 
are as under :Ci — Split stator tuning condenser. 
C 51 — 50 mmfd. midget mica. Cj— 3-30 mmfd. 
ceramic trimmer. C 4 — 500 mmfd. midget mica. 
C' 5 - - 50 mmfd. silver mica. Rj-— 10,000 ohms 
grid leak. L,— 2 turns, 10 swg O-?"— 151 me.; 
2 turns, 10 svvg 10"— 141 me. RFC — l inch 
winding, 24 svvg (‘namclled on diameter 

polystyrciK rod, A half wavelength aerial. 

Errors Due to the Resolving Time of the 
Carrier Pulse — For the duration of the 
carrier pulse of 0*05 sec., the relative error 
introduced at the maximum counting rate 
of ()-25/sec. is only 1-2 per cent, as shown 
by Neher'*. For the resolving time of the 
relay, which is also 0*02 sec., the percentage 
error is only one half per cent. 

The Transmitter — The transmitters used 
in these flights were designed and made 
by Mr. A. S. Rao. Since the counting rate 
expected in these flights would be very 
low, the loss of a few counts would seriously 
affect the statistical accuracy of the observa- 
tions. It was, therefore, decided to use a 
more powerful carrier than generally used 
in radio-metcorography. The choice of the 
wavelength was also made to make the 
man-made interference negligible. 144-150 
me. band was, therefore, chosen. Ordinarily 
used battery valves such as type 1G4, 19, 
etc., were found to be very poor at these 
wavelengths. The 958 tyj)e triode of 1*5 
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filament volt rating as used by Pickering* was 
not obtainable here and, therefore, a type 
6C4, U.H.F. miniature triode, having 6*3 
volt filament was chosen. Using an ultra- 
audion circuit as given in A.R.R.L. hand- 
book*, with an input of 15 to 20 ma. at 270 
volts on the anode, an R.F. output of ap- 
proximately 1*5 watts was obtained in the 
half-wave antenna, capacitively coupled. 
With this carrier output, the signal strength 
during the flights was found to be good. 
In fact, in one of the trial flights, strong 
signals were obtained even at an altitude 
of 100,000'. There was not a single count 
missed due to fading in any of the cosmic 
ray flights, though, once or twice, data 
were lost while retuning the receiver to the 
carrier which drifted slightly. Fig. 3 shows 
the circuit of the transmitter and Fig. 4 
is a photograph. , 

The Meteorograph — To determine the 
pressure corresponding to the position of 
the apparatus, at any instant during its 
flight, a meteorograph was needed. It 
was also necessary to know the temperature 
of the apparatus to know whether the 
change of temperature, if any, was such as 
to affect the counters, batteries and other 
equipment, sensitive to temperature. 



Fig. 4 — The Transmitter, showing the 
TRANSB jllTTER ASSEMBLED ON A L-SHAPED CHASSIS. 
It, IS MOUNTED ON THE TELESCOPE FRAME DURING 
THE FLIGHT, 



Fig. 5 — The meteorograph with motor 

DRIVE -The SMALL REV MOTOR IS SEEN COUPLED 
BY A 36 : 1 WORM. 

A — Aneroid. B — Bimetal thermometer., S — 
Silver wire spiral. SR — Single reference for tem- 
perature. DR — Double reference for pressure. 
T ~ - Ten teeth wheel with spring contact. 

The coincidence unit, the transmitter, the 
H.T. and L.T. power supplies were enclosed 
in a bamboo cage, the whole of which was 
then enclosed in a double covering of violet 
and clear cellophane. The temperature regu- 
lation achieved by this will be described 
elsewhere. 

A suitable meteorograph was available 
in the India Meteorological Department"^ , 
The original meteorograph is driven by a 
fan, operated by the downward wind as 
the meteorograph ascends with the balloon. 
Since, in these flights, the apparatus was 
enclosed, there was no air to drive the fan. 
The fan was, therefore, replaced by a midget 
motor operating on 4 to 6 volts battery. 

( These motors are manufactured by Messrs 
Rev Motors Ltd., Bolton, England, and the 
radically new principle on which they work 
is described*.) The motor is only V in 
diameter and 0*5" long, and weighs only 
22 gm. At 4-5 volts, it runs at 4,000 to 5,000 
r.p.m, and the torque, after 36 : 1 worm 
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reduction, was found to be adequate to 
drive the meteorograph. Fig. 5 shows the 
meteorograph adapted for the motor drive. 

The principle on which this meteorograph 
works is the same as in Bureau’s® meteoro- 
graph. The working of the I.M.D. meteoro- 
graph and the method of evaluating the 
pressure-temperature data have already 
been described^®. 

Because of the design of this meteorograph, 
it was not possible to utilize the same carrier 
to transmit the cosmic ray and the meteoro- 
logical data simultaneously as done by Neher 
and Pickering®. A separate transmitter 
was, therefore, used for the meteorograph 
channel similar to that used for the cosmic 
ray channel, but on a wavelength separated 
by a few megacycles. The meteorograph 
transmitter worked near 141 me. and the 
cosmic ray transmitter near 151 me. 

It was, however, found that with such 
small separation between the two carrier 
frequencies, the receiver could discriminate 
between the two from the point of view of 
the receiver selectivity when the two trans- 
mitters were separated from each other at 
some distance. When both the transmit- 
ters were put in the same enclosure, the 
two resonating, half-wave aerials of very 
nearly equal lengths induced strong currents 
mutually, resulting in cross modulation. 
Since it was not possible to do radical design 
changes, either irf the transmitter or the 
receivers, at the field station where the 
difficulty was observed without upsetting 
the time schedule of the flights, the only 
remedy was to separate the two transmitters 
to a minimum distance where the cross 
modulation was zero. The cosmic ray 
telescope, its transmitter and the necessary 
power supplies were, therefore, put in an 
enclosure covered with cellophane. The 
meteorograph, its transmitter and power 
supply were then put in another similar 
enclosure, and during the ascent it was 
hung 25' below the cosmic ray enclosure. 
Fig. 6 shows the two enclosures ready for 
ascent on the ground, and Fig. 7 shows the 
apparatus immediately after the release 
with the two enclosures hung one below the 
other. 

The H.T., L.T. & the Counter H.T, 
Power Supplies — The apparatus was in- 
tended to work for 3 to 4 hours’ maximum 
during the flights. Small, light-weight H.T, 
and L.T. batteries of adequately small 
capacities were not available to us. The 
smallest 1*5 volt cell commercially available 


26 ^ 



Fig. 6 — The two enclosures ready for 
ASCENT. The cosmic ray enclosure, because of 
ITS heaviness, is hung in a pipe frame to facili- 
tate THE ASSEMBLY OF THE VARIOUS UNITS IN THE 
BAMBOO CAGE. ThK MAN ON THE RIGHT IS HOLDING 
THE METEOROGRAPH ENCLOSURE. 

Photo by courtt'sy of Dr. L. S. Mathur 


was the Eveready pencil torch, type 915, 
weighing 15 gm. each. H.T. andG.B. blocks 
W’ere, therefore, made using these unit cells 
for the coincidence circuit and the trans- 
mitters. The capacity of these was found 
to be more than adequate for the current 
drain of these units, but the weight was 
excessive. The current drains of the various 
circuits were as under. 



TABLE 

I 


Unit 

H.T. 

G.B. 

Volts 

L.T. 


A^jlts 

Amps. 

A’olts Amps. 

Coincidence 

90 

OOOIi 

30 

15 0-3 

Transmitter 

270 

0 02 


7-5 0180 

MeteoroRraph 

motor 




45 0 400 

The L.T. 

units 

were 

made 

out of Eve- 


ready type 950 cells, two or more being con- 
nected in parallel to meet the current drain 
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Pig. 7 — Photo shows a flight after release, 

WITH A CLUSTER OF EIGHT BALLOONS. ThE TWO 
ENCLOSURES ARE CLEARLY VISIBLE HANGING BELOW 
THE BALLOONS, ThE BOTTOM IS THE METEORO- 
GRAPH ENCLOSURE. 

Photo by court eay of Dr. L. S. Mai hut 


requirements. Table II gives the total 
weights of the prepared H.T. and L.T. 
batteries. 


TABLE II 


Type Weights 




lb. 

oz. 

gm- 

Coincidence 

H.T. 

2 

3 

022- 2.3 


L.T. 

0 

10 

283 -.54 

Transmitter 

G.B. 

(1 

14 

300 -SO 

H.T. 

7 

2. 

3,231 '83 

Motor 

L.T. 

2 


092-23 


1 

4 

.'iflOOO 


The Geiger Coimter HT. Supply — Light- 
weight H.T. batteries were also not avail- 
able commercially to make the 1,200- volt 
H.T. supply needed for the G-M counters. 
However, a technique was developed for 
preparing* light-weight H.T. batteries for 
radift-meteorography'® while the author 
was employed in the radio-meteorograph 


development project of the India Meteoro- 
logical Department. The technique was adopt- 
ed for developing a suitable G-M H.T. 
supply. Smaller carbon cups similar to 
I.M.D. H.T. battery were supplied to us by 
Messrs Helium Products Ltd., Poona. These 
cups were 0*5" in diameter and 
A unit cell, after filling these cups with the 
depolarizing mixture, also supplied by the 
company, and putting a blotting paper 
disc saturated with electrolyte, on which 
a zinc disc was placed, gave 1*5 volts and 
weighed 1*6 gm. An adequate number of 
these cells were assembled in a Volta 
Pile '' fashion in a bakelite box having 
suitable compartments to give 1,200 to 
1,300 volts H.T. as required. Since the 
current drain from the four counters on this 
H.T. was only a few micro-amj^eres, the 
only load on this battery was the leakage 
current in the assembled box. The battery 
was found to keep its terminal voltage 
within the range of the counter plateau for 
2 hours after the complete battery was 
assembled. The assembly of these small 
cells, though simple, was rather tedious, 
and required about 10*5 man-hours. The 
assembly time was, therefore, brought down 
to 1*5 hours with a team of six to seven 
people. The complete H.T. battery after 
assembly weighed 6 lb. 4 oz. (2,835 gm. ). 

The Weight of the Apparatus — As 
mentioned above, the 'heaviness of the 
battery blocks contributed to the total 
weight of our equipment. Table III gives 
the weight of the different units in tlie 
balloon-borne equipment . 


TABLE III 

Unit Cosmic ray meteorograph 

ENCLOSURE ENCLOSURE 



lb. 

oz. 

gm. 

lb. 

07, . 

gm. 

Bamboo cage 

4 

0 

1,81 4 -37 

8 

8 

1,587-56 

Cellophane bag 

1 

8 

680 ■ 30 

1 

8 

•680-30 

Coincidence unit with 

4 

0 

1.814-37 




transmitter 

Meteorograph with 




2 

6 

1,077-28 

transmitter 

Batteries for the 

0 

5 

4.224-08 

0 

5 

4,224 06 

transmitter 

Batteries for the coin- 

.3 

11 

1,672 61 




cidcHce unit 

Total 

22 8 

10,20.5-82 

16 

11 

7,500-20 

Gross weight - of the whole equipment ; 
( 2l,8.57'37 gm. ) with suspension rigging. 

48 

lb. 2 07.. 


These weights are somewhat unconven- 
tional. Yet, using 10 to 15 balloons with 
3,000 to 3,500 gm. free lift each, heights of 
about 40,000' were consistently reached ; 



July 1949] 


A COSMIC RAY RADIO SONDE 


265 


in a few instances the flights reached up to 
60,000'. In one flight, 10 cm. of lead was 
interposed between the counters of the 
telescope to measure the hard component 
of the cosmic ray intensity. The gross 
weight of the equipment in this flight was 
64 lb. 6 oz. ( 29*2 kg. ). This flight reached 
a height of 60,000', though the cosmic 
ray data were lost after 24,000', when 
the cosmic ray carrier drifted in frequency 
beyond the tuning range of the receiver. 

The Balloons 

Latex balloons, manufactured by the 
Nagpur Rubber Industries, were used for 
these flights. Their N/^-220 type, which 
is equivalent to Dewey Almy Chemical Co.'s 
( U.S.A.) neoprene balloon, Darex J-800, 
was used throughout. In previous ascents 
their performance was found to be compar- 
able to the American equivalent. Like the 
Americap neoprene balloons, their life period 
for an afternoon flight was found to be 
T5 to 2 hours, irrespective of the rate of 
ascent or the height reached. The ex- 
perience in these flights shows that it is 
desirable to use as few balloons as possibU‘ 
with the maximum j)ermissible free lift to 
each, since the larger the number used, the 



Fig. 8 — Shows Indian made latex balloons 

USED IN THESE FLIGHTS. NoTE THE PERFECT 
SPHERICAL SHAPE OF THESE BALLOONS. 

Photo by courtesy of Dt. L. S. Mathur 



I'lG. 8a - .\ C LUSTER OF TEN BALLOONS USED IN 
ONE OF THE FLIGHTS. ThE CELLOPHANE WRAPPED 
COINCIDENCE ENCLOSURE IS ALSO VISIBLE. 

Photo by courtesy of Dr. I.. S. Mathur 

greater is the ]>robability of one or two 
bursting, limiting the maximum height 
reached. As many as 15 balloons were 
used in one of the flights with a smaller 
free lift than the maximum permi.ssible 
lift when only 10 balloons were used. As 
mentioned before, heights of 40,000' have 
been consistently reach(‘d. 

Figs. 8 and 8a show the balloons after 
release. 

The Ground Equipment 

I'he Receiver Neher and PickcTing have 
used in their later balloon flights a super- 
heterodyne receiver for these U.H.F. carriers. 
This choice was made because, for the count- 
ing rate encountered in their experiments, 
the transmitter pulse was only a few micro- 
seconds long'^’ 'b l'^>ecause of its inherent 
a.v.c. action, a super-regenerative receiver 
is unable to respond to such sharp pulses. 
In our flights the transmitted pulse w^as 
0-05 second long, and hence could be recorded 
by a sujier-regenerative receiver. The addi- 
tional advantage of the super-regenerative 
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receiver is that it does not respond to auto- 
ignition interference, and hence the choice 
of the receiving site is not as critical as 
when a superhet is used. Further, the 
meteorograph used requires a D.C. amplifier 
coupled to the recorder. This requirement 
is easily met by a super-regenerative receiver, 
since the hiss quenching of the receiver can 
be converted into a D.C. pulse of the same 
duration as the carrier pulse, which can be 
further amplified by a D.C. amplifier before 
being fed to the recorder. 

Two super-regenerative receivers were, 
therefore, chosen to receive the two carriers 
from the cosmic ray equipment and the mete- 
orograph. Commercially built Mac-Murdo 
Silver Model 800 receivers were chosen. 
These receivers have only two tuning ranges 
of 144 to 148 mc./s. and 235 to 240 mc./s. 
The 144 to 148 me. bands in the two 
receivers were slightly modified to cover 
141 me. and 151 me. bands for our two 
channels. Because of this short tuning 
range and the broad tuning feature inherent 
in the super-regeneration principle and the 
design of the receivers, it was rather difficult 
to adjust our carrier sharply in the centre 
of the receiver band when the signal strength 
of the transmitter was very strong, although 
the transmitter was far away from the 
receiving location. Because of this difficulty, 
in one flight the cosmic ray carrier drifted 
beyond the tuning range of the correspond- 
ing receiver after the flight reached 24,000' 
although the maximum height reached by 
the flight was 60,000', as indicated by the 
pressure-temperature carrier, which was 
recorded up to this height. 

The D.C. Amplifier — The D.C. amplifier 
used in conjunction with the above receivers 
is of the neon-coupled type^®. Since the 
carrier for the cosmic ray channel is conti- 
nuously on, except when a count is trans- 
mitted, the super-regeneration hiss in the 
corresponding receiver is normally quenched, 
except for the duration of the pulse. For 
the desired sensitivity, the number of 
stages in the neon-coupled amplifier is so 
chosen that, with the hiss quenched, the 
final stage in the amplifier is non-conducting. 
The recorder in its anode circuit is, therefore, 
normally not excited, and the pen attached 
to it is undeflected. When a pulse arrives, 
the hiss of the receiver comes on and the 
recorder marks a pulse. Fig. 9 is a circuit 
diagraip giving the circuit of the super- 
regeneratiye receiver, the neon-coupled D.C. 
amplifier, and the voltage-regulated power 


supply furnishing the H.T. and L.T. voltages, 
both for the receiver and the amplifier. 

The complete system, therefore, consists 
of two such receivers coupled to D.C. 
amplifiers feeding the recorders with their 
separate power supplies. 

The Recorder — The recorder is made out 
of a G.P.O., high speed, S.P.D.T. relay, 
with the coil rewound for lower impedance 
to work in the anode circuit of triode-con- 
nected 6F6 pentode in the final stage of the 
D.C. amplifier of Fig. 9. The relay contacts 
are removed to reduce the load on the 
armature and an extension is fitted to the 
armature arm, the other end of which 
carries a light-weight holder in which a 
" crow-quill " nib can be fitted. Two of 
such recorders are fixed opposite each other 
and write on a paper tape which is pulled 
by a tape-pulling arrangement made out 
of a variable speed, governor-controlled, 
gramophone induction motor, with a 9 : 1 
reduction from its 78 r.p.m. spindle. The 
whole recorder is assembled on the front 
panel of the D.C. amplifier. The paper- 
tape stock spool, the idling rollers, the two 
recording pens with their vertical and 
lateral adjustments and the variable speed 
control knob of the tape puller drive, are 
thus always under view. Any adjustment 
of the recording nibs, their pen pressures, 
the ink feed, and the adjustments on the 
paper tape, if any fouling occurs, can thus 
be immediately made without stopping the 
recording, and thus no data are lost. The 
nibs of the recording pens are fed by cotton 
wicks from a small ink reservoir by capillary 
action. 

Though the cosmic ray counts are conti- 
nuously recorded, the pressure and tem- 
perature data are recorded once in one 
Olland cycle, the duration of which is from 
2 to 4 minutes. To be able to interpolate 
the cosmic ray data with pressure corres- 
ponding to chosen height intervals, a conti- 
nuous time trace is also put on the paper 
tape by a third pen. To reduce the compli- 
cation of fhe ink-feed problem for a third pen, 
an ink refill, complete with the ball point, 
commercially available for an American 
made bail-point pen, was used for the third 
pen. This pen puts a continuous trace 
between the cosmic ray and the meteorograph 
traces. The time pen is lifted for a short 
duration every 15 seconds by . an additional 
relay, similar to the recording relays, by the 
help of a synchronous clock. At every 
full minute there is a double interruption. 
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NEON COUPLED RECORDING AMPLIFIER 


o 



REGULATED POWER SUPPLY 


Fig, 9-1- The circuit of the U.H.F. super-regenerative receiver, the neon-coupi.ed 

D.C. AMPLIFIER AND THE VOLTAGE-REGULATED POWER SUPPLY. fwo SUCH IDENTICAL UNITS 
WERE USED. 
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Fig. 10 — The complete receiving unit — the top panel shows the two receivers and the 

TIME MARKING CLOCK. ThE BLACK PANEL SHOWS THE TWO TUNING METERS AND THE SIX NEONS 
VISIBLE THROUGH CIRCULAR WINDOWS. On THE BOTTOM PANEL ARE MOUNTED THE WRITING RELAYS 
AND THE TAPE-rEKDlNG AND PULLING ARRANGEMENT. 


July 1949] 


A COSMIC RAY RADIO SONDE 


269 


Thus, there is a continuous time recording 
synoptic with the two data records, and an 
accurate measurement of time to O-Ol 
minute can be made. From the pressure 
data a time-pressure curve is drawn. Having 
chosen a pressure interval corresponding 
to the desired height interval, the cosmic 
ray counts are measured from the tape for 
the corresponding time interval and the 
counting rate determined. 

Fig. 10 shows the complete receiving set, 
rack mounted in a cabinet. The top panel 
carries the two receivers. Thi time marking 
clock is also visible in the right top corner. 
The next panel carries the six neons of the 
two D.C. amplifiers visible through windows. 
The two meters are 0 to 50 ma. meters in 
series with the recorder coils. These meters 
also serve as tuning indicators for the 
receivers, since the recorder current is zero 
for a perfectly tuned carrier, the strength 


of which is above the threshold for positive 
operation of the recorder. The neon bulbs 
of the amplifier, which are visible, also help 
to keep a check on the satisfactory operation 
of the various stages of the D.C. amplifiers. 
The bottom panel shows the rec'ording 
relays with the pens attached, the ink feed, 
the tape feed and the pulling arrangement. 
At the bottom is a small drawer carrying 
the accessories required for the recorder. 

Fig. 1 1 is a photograph of a length of 
tape recording. The top trace shows the 
random cosmic ray (ounts, the m.ddle is 
the time trace and the lowest is tlu' ’meteoro- 
graph recording. 

The Receiving Aerial — I'he rec(‘iving aerial 
is of the same type as designed by the author 
for radio-meteorograph y^” in the India 
Meteorological Department. It has been 
found to be very successful in overcoming 
the periodic fading encountered because of 
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Fig. 11 — Sample of tape record obtained during one of the fi.ights at about 5 km. alti- 
tude. Top trace is for the coincidence pulses, the middle for time, and the bottom for 

METEOROGRAPH. ThE DOUBLE INTERRUPTION AT KVERA" FULL MINUTE AND SINGLE AT EVERY QUARTER 
MINUTE IS SEEN. SlX COINCIDENCE PULSES HAVE BEEN RECORDED FOR A ONE MINUTE ^INTERVAL, 
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swinging vertical antenna of the balloon- 
borne transmitter, which results in a change 
of the carrier polarization from the vertical. 

Summary 

Using radio sonde technique, cosmic ray 
vertical intensity up to 40,000' was 
recently measured at New Delhi, The 
radio sonde equipment used in these flights 
is described. It consists of the coincidence 
unit with a pulse lengthening circuit ; a 
meteorograph for the pressure-temperature 
data ; and two U.H.F. light-weight trans- 
mitters to transmit the two data separately. 
The receiving unit consists of a super- 
regenerative receiver coupled to a neon- 
coupled amplifier feeding a high-speed tape 
recorder for each of the channels. Using 
Indian made balloons, heights of 40,000' 
were consistently reached, though the 
weight of the equipment wa^ about 22 kg. 
In one flight, 10 cm. lead absorber was used, 
the total weight then being 30 kg., yet the 
flight reached a height of 60,000'. 
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Micro-filming of Manuscripts 


The Indian Library Association is consider- 
ing steps to be taken for filming perishing 
and perishable manuscripts and out-of-print 
books in India's libraries. The UNESCO is 
also interested in this work. It may be ne- 
cessary, it is stated, to approach the UNESCO 
to provide micro-film laboratoties in India in 


the light of information regarding the micro- 
filming resources at the disposal of Govern- 
ment departments, research institutions and 
libraries in India. Such information about 
existing apparatus may be sent to Dr. S. R. 
Ranganathan, President, Indian Library 
Association, Delhi University, Delhi 2. 



Some Scientific Aspects of High-Polymers" 
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N atural products such as cellulosc 
( in cotton, wood and vegetable 
fibres ), protein ( in silk and wool ), 
and rubber ( in Hevea latex ) have, 
for a long time, been recognized as high- 
polymeric substances, that is, compounds 
made up of many ( poly ) identical, simpler 
units ( mer ) linked together by primary 
( covalent or homopolar ) bonds. In cellu- 
lose molecule, the repeating unit ( mer ) is 
anhydrous glucose ( ) ; in silk- 

fibroin, glycylalanine residue ( --NH- CH 2 " 
C 0 NH-CH(CH 3 )-C 0 -~ ), and in rubber, 
isoprene ( -CH^~C( CH 3 ) - CH-CHg - ). 
In recent years, a large number of synthetic 
high-polymers with valuable properties 
and of great practical utility has come into 
existence in the shape of textile fibres 
( rayons, nylons, vinyons, etc. ), rubbers 
( Buna S, Buna N, Butyl, Neoprene, etc. ), 
and plastics of a bewildering variety. 
Scientific research carried out particularly 
during the last 20 or 25 years, both on natural 
and synthetic high-polymers, has brought 
to light certain fundamental characteristics 
common to all these substances and also 
some specific differences which are respon- 
sible for their division into fibres, plastics 
and rubbers. A knowledge of these similar- 
ities and differences, a critical survey of 
which is proposed to be given in the present 
article, is necessary not only to understand 


the nature of high-polymeric substances, 
but also to be able to synthesize new materials 
possessing better and more useful properties ; 
in short, to synthesize the so-called tailor- 
made molecules. 

Molecular Weight 

The first characteristic of all high-polymers 
is their molecular weight. Classical organic 
chemistry deals with substances whose 
molecular weights rarely exceed a thousand. 
The molecular weights of high-polymers 
run into tens and hundreds of thousands 
as may be seen from Table I. They have 
been determined by osmotic pressure^, 
viscosit}^^, ultra-centrifuge^ and, more recent- 
ly, light-scattering'^ methods. But there is a 
certain indefiniteness about them. When 
we speak of sugar having a molecular weight, 
342, we understand that each sugar molecule 
in a given sample has the same number of 
carbon, hvdrogen and oxygen atoms, and 
hence has the same size and shape. But, 
in the case of a high-polymer, all the mole- 
cules ill a given sample do not appear to' 
have the same number of fundamental 
units, nor the same size and shape ; some 
are longer, some more branched than others. 
In fact, there seems to be a regular distri- 
bution of size and shape among the molecules 
of a given sample so that we can speak 
only of an average’ molecular weight. 


TABLE I — MOLECULAR WEIGHTS & DEGREE OF POLYMERIZATION ( D.P.) OF SOME HIGH-POLYMERS 


Material investigated 

Natfve cellulose in cotton, ramie, or wood 
Cellulose in bleached cotton linlers 
Cellulose in purified wood pulp 
Regenerated cellulose in rayon 

Regenerated cellulose in staple fibre 

Regenerated cellulose in cellophane 

Native rubber in Hevea latex 

Rubber after being milled in air 
Nitrocellulose used for moulding 
Nitrocellulose used for extrusion 
Nitrocellulose used for coatings 
Polystyrene for plate casting 
Polystyrene for injection moulding 
Polystyrene for coatings 
Polyvinyl chloride f Koroseal ) 
Polyisobutylene { Vistanex ) 
Polyhexamethylenc adipamate ( Nylon ) 


Mol. wt. 

D.P. 

.1(M),(M)()— ,50U,(K)0 

2,000—3,000 


1,(K)0— 1,.500 

120,000- 

800—1,200 

75, (KKJ~1 00,000 

500—600 

GO, (KM)— 75,000 

400— .500 

50,(MK)— 00.(i00 

30(»— 400 

140,0(K)— 210,(M)0 

2, (KM)— 3,000 

55,000—70,000 

8(M)— 1,(KH) 

400,0tK)— 700,000 

1,.500— 2,.5(M» 

1.50,000— 300, (MMI 

600—1,200 

5(»,0{K»— 100,000 

200—400 

250,0(M)— 40l»,(MM» 

2,5(M»-4,000 

120,000—180,000 

1 ,200—1 ,8(M> 

80,0(K)— r20,(M)0 

800— 1,2(M) 

250,000 

3, (KM) 

120,(K)0 — 200,000 

2,000—3,000 

10,000—32,000 

150—300 


* Based on a paper read at the High-Polymer Symposium, Chemistry Section, Allahabad Session of 
the Indian Science Congress Association, 1949. 
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Experimental justification for this statement as cellulose, silk-fibroin, polypeptides, poly- 
has amply been provided by fractional oxymethylene, polyethylene glycol, in which, 
precipitation, first of rubber by Caspari®, though the repeating unit { mer ) in a 
later of nitro-cellulose by Duclaux and particular high-polymer is the same, the 
Wollman’, and by the work done on cellulose chemical composition of the latter is not iden- 
balta and many synthetic polymers by tical with that of the starting simple molecule, 
Staudinger and coworkers^ from 1927 as illustrated in the following structures : 

ll’OLYOXYMETHYLENE 

.. -CH,-O-CHa-O~CHj5-O-CHjj-0H from H*C=:0 

( formaldehyde ) 

SILK FIBROIN 

IsHj-CHj 5-CONH-C( CHg )H-('0NH -CH2-C0NH~C( CHa )H-CO- .. NH -CHg-CONH-C 
(CHa)H~-CO- from NH^-CH^-COm\-C{ ~COOH ( alanine ) 

CELLULOSE 

CHa-OH OH OH CHaOH OH OH 

I i I I 'I 

O-CH (\H-CH O-CHa CH-CH 

/ \ / \ / \ / 

HO.CH CH-0~CH CH-0-('H CH-O- -CH CH~-0~ 

\ / \ / \ / V X 

CH-CH - O - CH CH-CH O-CH 


OH OH 


CH.OH 


CHjOH 

1 

O-CH 
/ \ 

CH -CH.OH from 

\ / 

CH-CH 
I 1 
OH OH 


CHgOH 

I 

O-CH 

/ 

HO.CH CH.OH ( glucose ) 

CH-CH 
OH OH 


onwards, and on rubber l^ry Midgley and 
coworkers^ from 1931. The influence of 
molecular weight distribution curve on the 
mechanical properties of high-polymers will 
be discussed later. 

Polymerization 

Whatever be the manner in which high- 
polymeric materials are synthesized by 
nature in plant and animal organisms, the 
process by which they have been produced 
from simpler molecules in the laboratory 
or in industry is known as polymerization. 
Classical organic chemistry, interpreting 
Berzelius' definition of a polymer in a rather 
narrow sense, restricted the capacity to 
polymerize to molecules containing an 
unsaturated bond, such as — C=C— , 
— C=b,-“C=:N“-, so that the polymer would 
have the same chemical composition as the 
simple molecule from which it was built 
up. The inadequacy of such a definition 
of a polymer and of polymerization was 
first ppinted out by W. H. Carothers® from 
a critical examination of the structures of 
such adtnittec^ high-polymeric substances 


He showed from these examples that 
the characteristic feature of a high-polymer 
is the structural unit, the repetition of which 
leads to the large molecule. He proposed, 
therefore, as a more logical and compre- 
hensive definition of polymerization any 
chemical union of similar molecules to form 
a single large, i.e, high-polymeric molecule. 
Such a chemical combination may be effected 
either by mere self-addition, or by conden- 
sation involving the elimination of simple 
molecules such as water, ammonia, hydro- 
chloric acid, etc., so that one can speak of 
addition or A-polymerization, and conden- 
sation or C-polymerization. 

Addition polymerization^^ is undergone 
essentially by molecules containing an un- 
saturated linkage. Thus, ethylene can be 
polymerized into the technically valuable 
polyethylene^^" known for its excellent 
insulating properties : • 

CHa=C,H.TCH,=CHj — ► -CHa-CHa-CHa-CH,- 

which, with further addition of ethylene 
molecules, results in a large molecule. But 
the reaction requires high temperature, 
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200° to 300°C. and high pressures up to 1,200 
atm., though lower degrees of polymeri- 
zation can be easily achieved^-^. On the 
other hand, substituted ethylenes, of the 
type CHg = CHX^*, where X is a phenyl 
or carboxylic ester group or a halogen atom, 
undergo polymerization much more readily. 
Examples are : polystyrene from styrene, 
polyvinyl acetate from vinyl acetate, poly- 
acrylates from acrylic esters, polyvinyl and 
polyvinylidene chlorides from vinyl and 
vinylidene chlorides respectively. 

This type of polymerization, also known 
as vinyl polymerization because of the 
compounds involved, is generally carried 
out with the help of a catalyst^^ such as 
free radicals, and free radical yielding 
organic peroxides ( benzoyl peroxide, diazo- 
compounds, etc. ), and metal halides like 
BF3, AICI3, SnCl4. The chemical process 
appears to be a chain reaction involving : 

(a) activation of the monomer by a 
catalyst leading to an activated state having 
the character of a free radical, 

K -I- Cira--('HX — > KCH.,-CHX- 
catalyst mononu'r active radical 

(b) followed by successive additions of 
monomer molecules, 

KCHa-CHX CHa-CHX — ^ KCH^-CHX-CH^ 
active radical monomer growing chain 

-CHX- K-( CHa-CHX- )n 

(c) until the polymer is stabilized either : 
(i) by chain termination or cessation, 

K{CH8~CHX-)„ + ( -XHC-CHJtnK — > 
growing chain growing chain 

K(CH,-CHX)n - (XHC-CHJmK 
stabilized chains 

or (ii) by chain transfer in which the 
activity is transferred to some other 
polymer or solvent molecule, 

K(CH*-CHK- )n f CHjj-CHX — > 
growing chain monomer 

K( CHg-CHX )n~i-CH2=CHX + CH^-CKX- 
deactivated chain active radical 

or (hi) by chain branching, 

KCHa-CHX- + -XHC-CH,K — > 
growing chain growing chain 

KCHa-CH,X + >XC~CHjjK 
terminated chain branching chain 

It appears that process (b), having a low 
activation energy, is frequently repeated, 
about a thousand times or more in a fraction 
of a second, so that the chain grows to a 
fair size in a comparatively short period of 
time before it is terminated by a cessation 
process. Consequently the average chain 
length ( or degree of polymerization, D.P., 
indicating the number of monomeric units 


in the chain ) and consequently the average 
molecular weight will be independent of 
time or extent of the reaction, unlike in the 
case of the other type of polymerization, 
as will presently be seen. 

Condensation polymerization ^ consists 
of a stepwise combination of the reactive 
groups of monomer molecules with the 
elimination of simple molecules like water, 
etc. Thus, 

irO-CHa-CHj- OH -f HOOC( CH, 

glycol adipic acid 

I10-CH2-CH2-00C:( CHj )4C00H v H,C3 
condensate water 

The OH and COOH groups of the resulting 
molecule can further react with COOH and 
OH groups of other monomeric molecules 
respectively to give, after successive con- 
densations, along chain molecule Similarly 
diamines, such as hexamethylene diamine, 
can react with adipic acid to yield poly- 
amides like nylon. The same type of 
polymerization is involved in the industrial 
preparation of plastic as well as varnish 
and adhesive resins from phenol and for- 
maldehyde, urea or melamine and formalde- 
hyde, glycerol and phthalic anhydride, 
and of polysulphide rubbers ( Thiokol ) 
from alkyl dihalides and alkali polysulphides, 
with the elimination of alkali halide mole- 
cules. Because of the stepwise character of 
the reaction, the average chain length ( even 
if branched ) and the average molecular 
weight of the resulting polymer ( leaving 
aside for the moment cross-linked polymers ) 
will depend on the extent of the reaction. 

It may not be out of place to point out 
here a variation of the simple addition 
polymerization, known as copolymerization, 
first discovered by Klatte in 1914, now 
extensively employed in industrial practice, 
and still being actively investigated in some 
t)f its fundamental aspects^®. It consists 
in the simultaneous polymerization of 2 or 
more vinyl compounds such as vinyl acetate 
and vinyl chloride to get a polyvinyl acetate 
chloride copolymer ( vinyon ). Buna S, a 
copolymer of butadiene and styrene, was 
successfully substituted for natural rubber 
on a large scale by U.S.A. during the last 
war. Buna N is a copolymer of butadiene 
and acrylonitrile and has excellent resistance 
to hydrocarbon and other organic solvents.* 

* Regarding the manner of addition polymeriza- 
tion, bulk polymerization was the common practice 
until some years ago ; now, emulsion, employed by 
U.S..\. for Buna S and more recently, suspension 
polymerization are becoming more important**-. 
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Shape af HiSh^poiymers, glycerol and phthalic anhydride react to 

Linear A Cross-Utiked yield Alkyds or Glyptals used as varnish 
The second characteristic of a high-polymer resins. Phenol, which has 3 reactive 
resulting from either of the above type of hydrogens in the nucleus, condenses with 
polymerization is the shape of its molecules formaldehyde to give phpolic resins 
which may be a straight, linear, or a cross- ( Bakelite ), urea with 4 reactive hydrogens 
linked, 2 or 3-dimensional structure. There and melamine with a still higher number of 
is, of course, the possibility of branched reactive hydrogen atoms combine with 
chains as is suggested by the mechanism of formaldehyde to yield complex polymers, 
addition polymerization already described ureas and melamines, 
above. But, for the present discussion, a It is of interest to note that the above 
linear chain with only some degree of branch- division of synthetic high-polymers into 
ing may be approximated to a straight linear and cross-linked molecular structures 
linear type, and one with a high degree of corresponds to what obtains in natural high- 
branching may be regarded as equivalent polymers such as cellulose, chitin, rubber, 
to a cross-linked Molecule. The production which are mainly long-chain, thread-like 


of these 2 widely differing molecular 
structures depends primarily on the number 
of reactive, functional groups in the mono- 
meric molecule or molecules*^. If the mono- 
mer is bifunctional, that is, has only 2 
reactive groups or a single double bond, 
the polymer resulting from it by either type 
of polymerization will be essentially a 
linear chain as is clear from the examples 
already adduced. Polyesters from glycols 
and dicarboxylic acids, polyamides from 
similar acids and diamines, and even phenolic 
resins ( Novolak ) from para cresol with 
only two reactive hydrogen atoms in the 
ori^o-positions to the phenolic OH and for- 
maldehyde, will contain mainly linear mole- 
cules. That there is possibility of some 
degree of branching in the case of vinyl 
polymers is evident from the mechanism 
of the process already outlined and from 
indications supplied by viscosity measure- 
ments^’. 

If the monomers are polyfunctional, that 
is, having more than 2 reactive groups in 
each molecule, there is definite possibility 
of growth of the polymer in more than 2 
directions in space leading to a complex 
net and 3-dimensional structures. Thus, if 
glycerol, instead of glycol^ is condensed with 
adipic acid, the resulting compound may 
be represented by the blowing equation : 

HCM:H,~CH( oh )-CH,~0H + 2 HOOC ( CH, )4 
COOH — ► H00C(CH,)4C00C,H,-CH(0H )- 
CH*OOC( CH, )4C00H 

The secondary OH of glycerol can next 
react with the —COOH of another acid 
molecule, whereas the —COOH groups can 
react with OH groups of other glycerol 
molecules. As the reaction proceeds, further 
coridensations not only in 2 but in 3 direc- 
tions can take place to give finally a complex 
cross-linkediif space polymer. Similarly, 


molecules, and keratin ( with S-S cross 
links), lignin, etc., which are cross-linked, 
complex structures. 

Physical & Chemical Properties 

The physical and chemical properties of 
these 2 types of polymers are quite distinct 
and of technical importance^**. The chain 
polymers have an indefinite capacity to 
swell in suitable solvents and eventually 
pass into solution in molecular state, since 
there are no strong chemical bonds between 
adjacent chains to hold them together. In 
the swollen state they are capable of under- 
going exchange reactions such as esteri- 
fication, chlorination, saponification, etc., 
without apparently changing their average 
size or shape. Thus polyvinyl acetate can 
be hydrolysed into the corresponding alcohol 
which in tu^n can be condensed with alde- 
hydes to give polyvinyl acetals, as is done 
in industrial practice ; polyvinyl butyral, 
for instance, being used as self-sealing inner 
lining of gasoline tanks of fighter planes. 
The temperature effect on chain polymers 
(of the plastic type to distinguish them 
from the fibre type ) is very characteristic 
and of technical value. With temperature, 
they pass from the amorphous or quasi- 
crystalline state through a softening or 
plastic zone into a viscous, liquid condition. 
This change with temperature is indefinitely 
reversible and is characteristic of what are 
called thermoplastic high-polymers. This 
behaviour with temperature has recently 
been explained by Mark*® in terms of micro- 
( irregular motion of segments of chains ) 
and marro- ( displacement of chains as a 
whole ) Brownian movements, originally 
introduced by Kuhn. Only thermoplastic 
materials can be .Utilized for the rapid 
methods of fabrication, such as injection 
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moulding and extrusion processes, in the 
place of the time-consuming compression 
moulding. 

The net and space polymers, on the 
other hand, show only a limited capacity 
to swell in solvents. Because of the chemi- 
cal cross-links between the chains, the 
material does not go into solution at all. 
Phenolics, ureas, certain polyesters are 
typical examples. They do not undergo 
permutoid reactions like the chain polymers 
and are, therefore, chemically more inert 
than the latter. They show no definite 
zone of softening with temperature and at 
relatively high temperatures they suffer 
chemical decomposition and are known as 
thermosetting plastics. Because of their 
thermosetting character, special procedure 
has to be employed in moulding operations. 
For instance, in the case of phenol-formalde- 
hyde resins, the polymerization is first 
carried only to the thermoplastic stage 
( A and B stages ) in which there are few 
cross-links between the long chains and, in 
the mould, along with fillers, plasticizers 
and catalyst, the material is made, under 
pressure and temperature, to react to the 
final thermosetting condition. A similar 
procedure is adopted in the case of urea 
resins, for otherwise fully reacted thermo- 
setting resin is incapable of the plastic 
flow necessary to take the shape of the 
mould. The compactness of molecular 
structure of thermosetting plastics is res- 
ponsible for their chemical inertness, elec- 
trical properties and resistance to mechanical 
abrasion and also for their brittle character. 
Plasticizers and fillers are, therefore, neces- 
sary to give them toughness and impact 
and tensile strength. A fully cured thermo- 
setting plastic material is something like 
a giant molecule or an aggregate of such 
molecules, so that it is not possible to 
evaluate their molecular weight or exact 
shape and size. Hence the following dis- 
cussion is limited to thermoplastic and, 
in general, to chain polymers. 

Molecular Weight & Mechanical Strength 

The dependence of mechanical strength 
of chain polymers on the average molecular 
weight or average chain length was first 
investigated by Rocha, Ohl and Carothers, 
and later by several authors, particularly, 
Harris, Sookne, Spurlin, Mark and Meyer. 
It appears^^ that for a high-polymer to begin 
to manifest any mechanical strength at all, 
it must have a certain critical chain length 


or D.P. ( around 40 for polyamides, and 
80 for polyhydrocarbons ) above which 
the strength increases with increasing D.P. 
up to a limiting value ( around a D.P. of 
600 to 700 ) beyond which further increase 
in chain length does not seem to affect 
sensibly the mechanical strength, as can be 
seen from Fig. 1 ( after Mark The upper 
curve, with circles, refers to polyamides 
and the lower curve, with crosses, to poly- 
hydrocarbons. The minimum and maximum 
D.P. limits for polyamides are lower than 
the corresponding values for hydrocarbons, 
because of the additional contributio made 
to mechanical strength by the cohesive 
forces between the chains coming from the 
polar groups along the polyamide chains. 
When the chains are sufficiently long for 
their ends to be effectively entangled so as 
to avoid slipping under tension, tensile 
strength or tanacity will become independent 
of further increase in D.P. The shaded 
region between the two curves refers to all 
other high-polymers such as cellulose esters, 
polyvinyl derivatives, etc. ( Figs. 1 and 2 ). 



Fig. 1 — Schematic representation of the 

RELATION OF THE TENSILE STRENGTH WITH 
AVERAGE DEGREE OK POLYMERIZATION. 

In this connection a less well-understood 
relation is the influence of the range of 
distribution of chain length or D.P. on the 
mechanical strength, in spite of the researches 
carried out by various authors, especially 
Mark, Harris, Sookne and Spurlin. Accord- 
ing to Mark, “ the shape of the distribution 
curve seems to have no effect on the ultimate 
strength except that a comparatively small 
amount (between 10 to 15 per cent by 
weight ) of constituents having a polymeri- 
zation degree below 150 is defiAitely detri- 
mental to the mechanical properties of the 
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Fig. 2 — Diagrammatic J|ifcrRESENTATioN of cellulose chains which are partly belonging to 

CRYSTALLITES AND PARTLY A DISORDERED AREA. 


sample. ’ A more comprehensive statement 
based on the work of the other authors 
cited above is presented by Alfrey*®, though 
it does not contradict the general conclusion 
of Mark. It may be added that in general 
the more uniform the chain lengths, provid- 
ed the limiting D.P. is attained, the better 
would be the mechanical properties of the 
sample. 

Molecular Texture & Mechanical Properties , 

It is the molecular architecture which is 
ultimately responsible for a high-polymeric 
material being a fibre, plastic or rubber. 
In the study of this molecular geometry, 
the X-ray method of Debye and Scherrer 
has been of particular value. Well-known 
organic crystals, in powder form, give an 
X-ray pattern known as powder diagram, 
consistiiig of bright spots of varying intensity 
and sharpness from which the elements of 
symmetry of the crystalline material can be 
evaluated. An amorphous material, on the 
oth^r hand, yields an X-ray pattern of diffuse 
rings or halos, commonly known as diffuse 
ring diagram, revealing the ' absence of 


crystalline order in the diffracting material. 
Natural rubber in its unstretched condition 
giv^^v such a diffuse ring diagram as was 
firslj^^parted by Scherrer®^. Cotton fibre^® 
giv^'4 dift’action pattern, known as fibre 
diagram; of a certain intensity and sharpness, 
intermediate between that of a regular 
cq^tal and of an amorphous material. This 
has been interpreted to mean that cotton 
Jfibre contains ordered regions of a certain 
degree of crystallinity ( crystallites ) which 
are separated from one another by disordered 
( amorphous ) regions, the crystallites being 
so oriented that the molecules from which 
they are built are parallel to the fibre axis. 
Also there is no sudden, but only gradual, 
transition from the ordered to the disordered 
regions. One and the same chain is supposed 
to find itself partly in the crystalline and 
partly in the amo^hous domains of the 
fibre, as illustrated in Fig. 2 ( after Mark )2«. 
An interesting discovery was first made by 
Katz*’ on rubber that, when stretched, it 
gives a fibre X-ray diagram indicating the 
presence of a certain degree of crystallinity 
brought about by the mechanical process of 
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stretching. In this stretched state, rubber 
acquires its tensile strength. It is natural, 
therefore, to associate tensile strength with 
crystalline structure both in stretched 
rubber and ordinary cotton fibre. The 
increased tensile strength of strong rayons 
( regenerated cellulose ) is to be ascribed to 
the better alignment of chains in the crystal- 
line regions induced by the mechanical 
stretching during spinning, as shown by an 
enhanced fibre diagram. R. O. Herzhog^® 
was one of the first to study the quantitative 
relationship between the tensile strength 
of viscose and cuprammonium rayons and 
the improved orientation of crystallites 
parallel to the fibre axis as revealed by X-ray 
diagrams. P^urther studies on the subject 
led to the common industrial practice of 
stretch-spinning and to the discovery by 
Carothers^® of the cold-drawing process of 
nylon as well as, in recent years, of vinyon 
and other polyvinyl fibres and filaments. 

An interesting feature to be noted about 
the cold-drawing of nylon and the other 
fibres is that the fibre retains, unlike rubber, 
the impressed elongation after the removal 
of the stretching force. Even in the 
unstretched condition, nylon, like natural 
proteins, is supposed to have its chains 
folded in some regular fashion, and on being 
stretched by external force, as the chains 
become parallelized, the polar side groups 
in the chains, CO and NH groups, by their 
hydrogen bonding, maintain the chains in 
the stretched state. As Mark has put it, 
in the case of nylon, internal crystallization 
is converted into external crystallization 
by the cold-drawing process. In the case 
of rubber, on the other hand, such strong 
polar group forces do not exist between the 
hydrocarbon chains. Further, the methyl 
groups arranged in as-position along the 
chains tend naturally to bring the chains, 
once the external stretching force is removed, 
into the thermodynamically stable position 
of maximum entropy, which accounts for 
the elasticity of rubber. When unvulcaniz- 
ed rubber is subjected, however, to a pro- 
longed tension or stretching, it begins to creep, 
that is, the chains tend to slip past one 
another, since there are no strong cohesive 
forces between the chains, and it does not 
snap back quickly. But vulcanized rubber 
does not suffer creep, and snaps back quite 
effectively, because vulcanization introduces, 
here and there along the chains, sulphur 
links at the place of the double bonds which 
prevent dippage of the chains and pull 


back the chains to their natural curled-up 
state on the removal of the stretching force. 
It may be noted that if the sulphur cross- 
links between the chains are closely spaced 
by the incorporation, into rubber, of a large 
amount of sulphur, a rather compact mole- 
cular structure is obtained which is hard 
rubber or ebonite. 

From the foregoing discussion, certain 
general conclusions^ can be deduced regard- 
ing the relation between the mechanical 
properties and molecular structure of high- 
polymers. Once the required chain length 
and fair uniformity of chain leng h are 
secured, it is the nature of the chain structure 
and the cohesive forces between chains which 
determine whether the material is a typical 
fibre, plastic or a rubber. If the chains 
easily fit into some regular geometrical 
pattern and retain that pattern by virtue 
of strong intermolecular forces arising from 
the presence, along the chains, of dipole or 
polarizable groups or hydrogen bonds, the 
material will be a typical fibre. On the 
other hand, if the chains do not fit well 
into a regular geometrical pattern, either 
because of bulky side chains ( as in the case 
of Buna S ) or because of unsymmetrical 
disposition of side groups ( as in the case of 
CIS arrangement of methyl side groups in 
natural rubber), and if there are no strong 
cohesive forces between the chains, the 
material would behave as a typical rubber. 
Between these two extremes are to be found 
plastic materials with intermediate geometri- 
cal structures and intermolecular cohesive 
forces ; given the possible combination of 
the relative magnitudes of these two factors, 
a great variety of plastics is possible. Table 
II (after Mark illustrates the type of 
cohesive forces between chain molecules 
of the 3 categories of high-polymers. The 
values for the cohesive forces, presented in 
the last column of the table, are in cals, 
per mol. for a chain length of 5 Angstrom 
units on the assumption that each chain is 
surrounded by 4 others, as suggested by the 
X-ray structure of these polymers. h''or 
rubbery materials the forces have an energy 
value around 1,000 cal. per mol., and for 
fibres, a value around 6,000 cal. That the 
intermolecular forces alone are not suffi- 
cient to explain the mechanical properties 
of the polymers is clearly indicated by some 
of the listed substances. Thus, polyethylene 
•with only 1,000 cal. intermolecular forces 
tends to show rather fibre thap rubbery 
properties, because, in spite of the weak 
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TABLE II — INTBRMOLECULAR FORCES OF SOME HIGH>POLYMERS & THEIR INFLUENCE ON 

MECHANICAL BEHAVIOUR 


StlBSTANCK 


Polyethylene 
Polyisobutylene 
Poly butadiene 
Rubber 
Polystyrene 
Polychloroprene 
Polyvinyl chloride 
Polyvinyl acetate 
Polyvinyl alcohol 
Cellulose 
Cellulos e ac etate 

Silk hbroin"^ 


Covalent bond energy 

Molab cohesion pro 6 

A CHAIN 

ALONG THE CHAINS. IN, 

LENGTH WITH CO- ORDINATION 

CAL. PER MOLE 

NUMBER FOUR, IN CAL. PER MOLE 

-C-C- 70—80,000 

<CH,) 

1,000 

-C-C- 70—80,000 

(CH*), (CH,) 

1,200 

-C^C- 70—120,000 

(CH,). (CH-CH) 

1,100 

-C=C- 70—120,000 

(CH,), (CH =C— CH,) 

1,300 

-C-C- 70—80,000 

(CH,), (C,H,) 

4,000 

-C = C- 70—120.000 

(CH,), tCH-CCI) 

1,600 

-C-C- 70—80,000 

(CH,), (CHCl) 

2,000 

-C-C~ 70—80.000 

(CH,), (COOCH,) 

3,200 

-C-C- 70—80,000 

(CH,), CHOH) 

4,200 

-C-O-C 80—90,000 

(OH), (-0-) 

6,200 

- C - O - C ~ 80—90,000 

(OOCCH,). (~0- ) 

4,800 

- C ~ N - C - 70—90,000 

(CH,), (CONH) 

6,800 

- C - N - C ~ 70—90,000 

(CHR), (CONH) 

9,800 


forces, its chains! * the simple methylene 
zigzag hydrocarbon chains, fit easily into 
a crystal lattice, and polyethylene is, there- 
fore, a plastic with filffous tendencies and, 
under proper mechanilad treatment, can be 
made even into fila^nts. Nylon, with 
cohesive intermolecuyf' forces „^less strong 
.than those of silk, sfeows greater mechanical 
strength, because its chains fit into a crystal 
lattice better than the chains of silk fibroin, 
or even those of cellulose. Polystyrene 
and polyvinyl acetate with forces approach- 
ing those of a fibre still are t|^pical plastics 
because of the bulky benzene rings in the 
one and the acetate groups in the other 
which do not facilitate an easy fitting of the 
chains into a crystal lattice. But if the 
intermolecular forces are weakened by the 
elimination of hydrogen bonds and the ease 
of crystallization of the chains reduced by 
the replacement of the hydrogen atoms of 
- NH— by methyl or methoxy groups, the 
resulting nylon will acquire elastic properties 
characteristic to rubber, as was reported by 
Baker and Fuller*^ Briggs and others**, 
and recently by Hill and Walker**, 

Influence of Side Groups 

An interesting example of side group 
influence is that of polymethacrylate plas- 
tics**, in which the side cha^n groups bring 
about considerable modification of physical 
properties. Polymethyl-methacrylate is the 
well-known tough, elastic, celluloid-like 
Lucite ( or Plexiglass or Perspex ) ; polyethyl- 
methacrylate is less tough, softer and elastic; 
polybutybmethacrylate is soft and sticky 
and finally polyoctyl-methacrylate is jelly- 
like, and the correspondi'ug lauryl compound 
is a viscous liquid. With increasing length 
of sid^ groups, the main long chain molecules • 
are pushed apart more and mone until the 
in termoleculau^ forces become so weakened 


that the chains acquire almost the freedom 
they would in the liquid state, hence the 
viscous liquid properties of the lauryl- 
methacrylate resin. It is of interest to 
examine here the solution of the problem 
of polymerizing isoprene to rubber. When 
isoprene is polymerized, the product is not 
the elastic natural rubber but a hard gutta- 
percha in which the methyl groups are 
mostly in the trans position, so that the 
chains fit well into a regular lattice and 
lead to the plastic product. To get round 
the difficulty, use has been made of the 
influence of bulky side groups on poly- 
merizing butadiene with a certain amount 
of styrene, the resulting copoljmier butadiene- 
styrene, Buna S, has rubbery properties 
and makes an excellent substitute for natural 
rubber**. In the light of the above consi- 
deratpjis, it is easy to understand how the 
incoi^idil^tion of a certain amount of bhila- 
wan shell oil or cashew-nut shell oil*®, in 
which the phenolic molecule has a long 
aliphatic side chain, can reduce the brittleness 
of lac moulding compositions, here the incor- 
porated long side chain compound acting 
as a plasticizer and giving flexibility and 
toughness to the rather brittle lac resin. 

The foregoing general conclusions about 
the dependence of mechanical properties 
of high-polymers on the molecular texture 
and ultimately on the chemical nature of 
the monomers from which the polymeric 
material is produced, as revealed by the 
fundamental research on high-jx)lymers* 
carried out during the last two decades, 
are in general of a qualitative and in many 
cases of a quantitative nature. They are 
not only a help to synthesize new high- 
polymers with desired specific properties ; 
they indicate the need for further funda- 
mental research in which we in India can 
make our own contribution. 
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Cultivation of Rosha Grass (Motia) & 
Distillation of Oil therefrom 


M. R. MANDLEKAR 

Industrial Research Laboratories, Department of Industries, Bombay 


R osha grass generally grotvs wild in 
the forest tracts of the Bombay 
Province in the Khandesh, Nasik 
and Panch Mahals districts. Possi- 
bilities of raising the grass as a cultivated 
crop were studied in the Punjab at Lyallpur^, 
and the following observations were reported : 

1. The grass can be grown successfully 
as a cultivated crop ; 

2. it requires little attention except for 
burning the clumps when dry ; 


3. the yield of oil was 15-20 lb. per acre, 
the oil content of the grass being about 
0*5 per cent ; and 

4. it was not necessary to sow the seeds 
every year. 

It was thought desirable to undertake 
similar experiments in Bombay Province and 
study the suitability of the soil, yield and 
quality of the oil. The cultivation of rosha 
grass was, therefore, undertaken in the year 
1942-43 in the experimental plAts in the 
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Empress Gardens, Poona, in co-operation 
with, and under the supervision of, the 
Silviculturist of the Forest Department. 
The investigation was confined to moHa 
variety of rosha grass as motia oil is superior 
in quality. 

Cultivation — Initially a plot of land 
measuring about 1,295 sq. ft. was put under 
cultivation. Seeds were sown and germina- 
tion was satisfactory. It was, however, 
found necessary to weed out the plots with- 
in about 10 days after sprouting, and once 
again later in the season. After the grass 
grew to a height of about 3', the growth 
of weeds was not a serious menace. 

After the prelimiiiary experimental culti- 
vation, 5 plots were cultivated under 
different conditions ( as detailed below ) 
and the following observations were made 
during the period October 1944 and October 
1947 : 

(i) Weight of grass from each plot ; 

(ii) percentage of blossoms and stalks in 
the grass and their respective oil 
contents ( on wet basis ) ; and 

(iii) geraniol content of the oil. 

Distillation Still — An improved type of 

still ( 50 lb. capacity ), fitted with a false 
bottom and heated in such a way that the 
flames did not reach the part of the still 
containing the grass, was used. 

Analysis of the Oil — The geraniol content 
of the oil was ascertained by acetylating the 
oil and determining the ester values of the 
oil and the acetylated product^. 

Plot A " — This was the original plot in 
which seeds of motia variety were sown in 
1942, the clumps being 6' apart. The blos- 
soms obtained in 1942 and 1943 were allowed 
to dry and seeds collected for subsequent 
sowings. The average yield of grass for 
October seasons was about 4,000 lb. per 
acre, and the yield of oil was 11-17 lb. per 
acre. The oil content of grass slowly in- 
creased from 0*32 to 0*48 per cent during 
the first three years after which it decreased 
to 0*40 per cent. 

It was observed that the grass grew 
vigorously in the second season and blos- 
somed by the beginning of the following 
January, provided there were a few good 
showers after the first cutting in October. 
The yield of grass in January was almost 
half of that in October, while the oil 
content was 0-40-0*50 per -cent. 

Plot "B" ( Area, 2,750 sq. ft. ; seeds sown 
in 1945 ; clumps 3' apart ) Germination 
during the first year was not satisfactory, 


and data were collected only from October 
1944. The average yield of grass per acre 
for the October seasons was 11,000 lb. and 
the yield of oil per acre was nearly 40 lb. 
The oil content of grass increased from 0-30 
to 0-40 per cent during the three years and 
remained almost the same in the fourth year. 
During the summer of 1945, 10 out of the 
32 rows from the plot were burnt, and it 
was observed during the following season 
that the yield of grass on the burnt part 
was 18,920 lb. per acre as compared to 11,280 
in the unbumt part, the corresponding yield 
of oil per acre being 65-5 lb. as against 38*6 
lb. in the unburnt plot. Repeated burning 
at the end of the second and the third 
seasons did not, however, yield similar 
results. 

Plot “C" (Area, 3,700 sq. ft. ; cultivation 
through transplanting rhizomes from plot 

A ” ; clumps 3' apart ) — The yield of 
grass was 12,780 lb. per acre in October 
1944, after which it dropped down to 4,162 
lb. per acre in October 1946. The stumps 
were burnt in the summer of 1947, which 
increased the yield of grass to 9,656 lb. per 
acre. The oil content of the grass varied 
between 0*22-()*37 per cent. 

Plof'D'" \ Irrigated plot ( Area, 1,512 sq. 
ft.; crop raised from root stock) — During 
the first year ( 1944) the yield was 17,860 
lb. per acre as against 8,600 Ib./acre in plot 
“B'' and 12,780 lb. in plot “C" ; the corres- 
ponding yield of oil per acre in these three 
plots was : “B" — 26-6 ; “C " — 28*5 ; and 
“D*' — Ji8*l lb. The effect was not marked 
in the subsequent years due to water-logging, 
and the crops were damaged. 

Plot : Effect of fertilizers ( Area, 
1,512 sq. ft. ; crop raised from root stock; 
dose of fertilizer, 40 Ib./acre ) — From the 
results of the 1944 season it appeared 
that although the yield of grass was 
18,000 Ib./acre, as in the case of plot “D'’, 
the oil content was higher, being 0*35 per 
cent as against 0-21 per cent in plot “D". 
The yield of oil per acre was 62*8 lb. 
Unfortunately, the cultivation in this plot 
was affected in the subsequent seasons by 
water-logging. 

From the data collected it was observed 
that the blossoms formed 20 per cent of the 
grass, and the oil content of the blossoms 
was 0*76 per cent. The weight of stalks 
was about 4 times the weight of the blossoms, 
and the quantities of oil obtainable from the 
blossoms and stalks separately were about 
the same. 
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The geraniol content of the oil from the 
various plots was 95-97 per cent ; the ester 
values of the oil from blossoms varied be- 
tween 42-54, while those from the stalks 
varied between 32-37. 

Summary 

1. It is possible to raise two crops of 
rosha grass during a year, viz. the first 
being harvested in October and the second 
in the following January, provided there 
are sufficient rains in the autumn after the 
first cutting. 

2. The yield of grass in January is about 
half of that in October. 

3. The oil content of grass harvested in 
January is higher than that in October. 

4. Irrigation and manuring increase the 
yield and oil content of the grass. 


5. 30 lb. /acre is the normal yield of 
oil under the soil and climatic conditions 
prevailing at Poona. 

6. It is possible to increase the yield 
by about 50 per cent by such cultural opera- 
tions as burning of clumps, irrigation and 
manuring. 

7. The oil content of blossoms is consi- 
derably higher than that of stalks. 
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A Note on the Tin Deposits of India 

NIMAI KUMAR MUKERJEE* 

Department of Geology, Banaras Hindu University 


T in deposits of economic importance 
are few and sparsely distributed in 
India. Tinstone is rarely found in 
peninsular India, but in the north, 
mostly in Bihar and Bombay, the occurrence 
of cassiterite has been reported from a 
number of localities. 

Deposits from the following localities 
have been investigated from time to time 
but none of them have been exploited to 
any great extent. So far no systematic 
prospecting has been undertaken to discover 
new deposits or to properly assess the extent 
of the known deposits in the country. 

Bihar 

(1) Nurgo or Nurunga ( Hazarihagh dis- 
tri^t ) — McClelland^ reports the occurrence 
of'tmstone in this area. Mining operations 
weie started in 1867 but were later abandoned 
a» the area proved unproductive. 

Mallet^ has given a brief account of this 
deposit. The ore occurs in 3 or 4 lenticular 


beds or nests in the gneiss, which are sel- 
dom more than a foot or two across. In 
one or two instances the\’ were as much as 
13 feet across and extended for 20 yards in a 
direction parallel to the bedding of the 
gneiss. The ore consists of gneiss with 
thickly disseminated cr\'stals and grains 
of tinstone. At a depth of 20 yards the 
nests appear to be thinning out, the rock 
becoming harder. The mine was abandoned 
as extraction was rendered difficult o.i 
account of water in the mine. Brown^ 
described this deposit as a thin layer of 
cassiterite-bearing granulite in a much 
thicker band of microcline granulite. Ball^ 
observed that the ore occurred disseminated 
in gneiss and the weathered-out tinstone 
gravel occupied a zone 100 yards wide 
extending to an unknown distance with 
the strike of the strata. Oates*'" has des- 
cribed his preliminary prospecting experi- 
ments in this area : “ A shaft was sunk to 
a depth of 614'. The ore body was cut out 
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and no ore was encountered below 568'. 
The tin content in the ore was 1*87 per cent 
and estimated yield of the metal was 268 
lb. per ton of the ore, but in reality it 
was only about half of this as the ore was 
contaminated with much gangue and 
iron 

(2) Shimr atari ( West of Pihra, Hazari- 
bagh district ) — Cassiterite was found by 
Mallet* in this area associated with lenti- 
cles of granite enclosed in mica schist. 
This occurrence suggests that tinstone is 
associated with granite in this area. 

(3) Pihra ( Hazarihagh district ) — Cassi- 
terite occurs in a dyke of lepidolite granite a 
little to the south-west of this locality*. 

(4) Chappatand ( Hazarihagh district ) — 
In this locality tinstone is found in a granu- 
lite*. 

All the above localities lie in the mica 
belt around Gawan. 

(5) Silli [Ranchi district ) — A few crystal- 
line lumps of cassiterite have been found 
to occur in a pegmatite intrusive in granulite 
in this area’. 

(6) Chhakkarhandah ( Gaya district ) — Tin- 
stone has been found to occur a few miles 
to the north of the village Chhakkar- 
bandah’. Wolfram is associated with it. 
The rocks are mostly Archaean schists and 
gneisses intruded by pegmatite, aplite, etc. 
The vein containing tin has been traced 
for over a mile, the width varying from a 
few inches to a few feet. 

Exploratory mining operations were com- 
menced during the year 1940 and analytical 
work on the samples from this locality 
showed the cassiterite percentage in the 
rock to be 1*5. 

(7) Dhanras Pahar ( Gaya district ') — 
Ray and Nag®, while studying the geology 
and the mineral resources of the Deo- 
Raj Estate, found tinstone in this locality. 

(8) Kalikapur ( Singhbhum district ) — 
The presence of cassiterite has been reported 
recently in this region. 


Bombay 

(9) Hosainpura ( Palanpur State ) — Cas- 
siterite was found to occur with gadolinite 
in a tourmaline pegmatite®. 

(10) Damhal Hills [Dharwar district) — 
The gold-bearing sands in the area are 
reported to contain a mixture of tin oxide 
and metallic copper^®. 

Of these deposits, those occurring in the 
Hazarihagh district have been worked to 
a certain extent. Little is known about 
the mining possibilities of other deposits. 

The most promising deposit is that found 
in the Chhakkarhandah area. 

The recent report of the occurrence of cassi- 
terite in the neighbourhood of Kalikapur 
( Singhbhum district, Bihar ) has encourag- 
ing features. It is interesting to note that 
the copper belt of Singhbhum passes close 
to this area and cassiterite may be associated 
with the copper deposits as in the case of 
the copper and tin deposits of Cornwall ; 
abundant deposits of tin may be found 
deep down the copper veins. 

The author desires to place on record 
his indebtedness to the U.P. Government 
for the award of a research scholarship to 
enable him carry out this survey. 
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Odors : Physiology & Control, by Carey 

P. McCord & William N. Witheridge 

( McGraw-Hill Book Company Inc., New 

York ), 1949, pp. x-f405. Price $6.50. 

Odours may be pleasant or unpleasant, 
attractive or disgusting. There is no common 
agreement on this point. The odour of 
garlic and onions may be more appealing 
to some people and very repulsive to others. 
Rotten cheese is liked and relished by some 
gourmands whereas others run away from 
it with a sense of nausea. The sense of 
smell depends upon the immediate and 
personal experience of “ association ” for 
the determination of pleasure or pain, at- 
traction or repulsion by arousing past memo- 
ries. “ A misplaced aroma is an anathema 
and the lack of aroma is intolerable." 

Man is said to be commonly endowed 
with five senses : sight, hearing, touch, 
taste and smell. Of these, sight is known 
to be caused by light waves which are 
vibrations in the ether, whilst hearing and 
touch are caused by j)ressure differences. 
Sound waves in the air impinge on the ear 
and bring about rapid changes in pressure 
on a diaphragm which vibrates and transmits 
the sensation of hearing to the mind and 
touch is caused by pressure applied to 
practically any part of the skin. There 
are definite mathematical laws as to harmony 
and melody in sound and colour which affect 
animals and ourselves to a large extent 
similarly. Taste and smell, however, are 
not induced by any known waves in the 
ether or in the air, but are caused by contact 
in the case of taste and nearness in the case 
of smell of certain specific substances. It 
is a very general experience that odours 
are more efficient in arousing memory than 
are mere colour effects or sounds. It is 
due to this close association with memory 
( conscious or unconscious ) that an odour 
is agreeable or disagreeable. There are 
other factors that come into play. Taste 
anil smell are classified as chemical senses 
by Moncrieff. 

Continuous investigations have been made 
on the subject of odours in Western countries 
and a large volume of literature has come 


into existence. That the science of odour 
or smell is a very complicated phenomenon 
is proof of the fact that an extensive voca- 
bulary has come into daily use when any- 
body wants to describe the smell or odour. 
The following are some of the words used 
in literature in relation to odour : ' nells 

may be pleasant or unpleasant, feeble, 
faint, strong, bland, pungent, mawkish 
(Scotch mawk — maggot), fruity, dank, 
arid, stuffy, mephitic or sulphury, aromatic, 
ethereal, balsamic, acid, fragrant, ambrosial, 
burnt, repulsive, nauseating, foetid, pene- 
trating, distracting, alluring, seductive, soft, 
heavy, sharp, alliaceous (smell of garlic), 
rancid, spicy, flowery, resinous, foul and 
so on " ( Moncrieff ). The various nuances 
of the perception of smell can thus be ima- 
gined depending on the personality of each 
man and the mental and emotional ex- 
perience or associations he has had under dif- 
ferent circumstances. Even metaphorically, 
words generally connoting " the odour " have 
crept into every literature of the world. 
The use of the word " odour " to emphasize 
past associations comes to a grand climax in 
the Sanskrit expression — ^ ifWRT 

( the haunting odour of a past existence 
or previous birth ). 

To produce the sensation of smell in 
animals and more specially in man, the 
quantity of the substance which is responsible 
for the smell is infinitesimally small. The 
most well-known example quoted in text- 
books of science is that of musk. State- 
ments have been made that a small speck 
of musk continues to emanate its smell for 
years continuously and still not lose any 
weight as can be measured b\^ the most 
sensitive chemical balance in existence. 

A great deal of work has been done recently 
on the subject of “threshold concentration", 
i.e. the minimum concentration for any 
particular substance which just arouses 
the sensation of smell in human beings. 
Two or three examples may be quoted. The 
concentration of odori-vector in air wt./wt. 
per cent in the case of chlorophenol will be 
3x10“^ (corresponding to 0*004 mg. in a 
cubic metre of air ) ; in the case of mercaptan 
it is 3 X 10 ® ( 0 00004 mg. in a cm. *of air ) ; 
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in the case of s^Tithetic musk it is 4xl0~^® 
( corresponding to 0 000005 mg. in a cm. of 
air ) ; it is, in the case of vanillin, 2x 10~^' 
(0*0000002 mg. in a cm. of air). These 
examples should suffice (Moncrieff). The 
importance of these estimations lies in the 
fact that when we have to consider the 
nuisance value of disagreeable odour in the 
life of the community, the actual quantity 
of a substance that goes to create the nui- 
sance may be exceedingly small and may 
still be a nuisance. Purely from a physio- 
logical point of view, such small quantities 
of odorous substances permeating the air 
may not be harmful but they still create 
a horrible nuisance. 

From the point of view of the life of a 
community, an odour — that which acts 
on the special nerves of smejfl distributed 
in the chambers of the nose — acquires 
its attractive or repulsive Quality only as 
a result of mental association with what is 
beneficial ( suitable food, mates, friends, 
safety, home, the nest ) pr what is injurious 
(unsuitable food, poison, enemies, danger, 
strange surroundings, solitude ). These are 
conditioned as a result of tradition or through 
personal experience to be beneficial or 
injurious and hence determine man's liking 
for and choice or rejection of odours and 
flavours. For example, the odour of sewer 
gas, foul accumulations of refuse, or putre- 
scence has become painful and almost 
unbearable to the more cleanly classes of 
mankind owing to the association with it, 
or as a result of education, of the fear of 
disease and poisoning. Those members of 
the despised profession, but none the less 
the real and true public servants, viz. those 
that are engaged in scavenging work or those 
that work in the so-called offensive trades 
and industries, get used to mal-odorous 
surroundings, and are known to eat their 
meals with gusto and relish even when on 
duty at mid-day intervals. It is but right 
and merciful that God grants some in- 
describable immunity to these noble public 
servants ! 

Several distinct and repulsive smells 
liable to occur on the human body are 
generally due to want of cleanliness. The 
fatty secretions of the skin are ollgn de- 
composed by bacteria even before ^Stenplete 
extrusion from the glands in which they 
are formed, as for example, perspiration. 
Through perspiration the skin gets rid of 
water, inorganic salts, traces of urea, cer- 
tain odorous princ^les of the food eaten 


( like the smell of garlic ) and others. They 
will undergo bacterial and chemical changes — 
and contribute to what is popularly termed 
as '‘ body odour This body odour differs 
from person to person according to habits 
and according to different races and com- 
munities. But in the young and healthy 
animals in natural conditions ( including 
man ) there is some check on the putre- 
fying activities of the omni-present bac- 
teria, or decomposition due to chemical 
changes. Generally speaking, the skin of 
a healthy, youthful adolescent has a pleasant 
odour and the breath is naturally sweet 
smelling. These factors have an important 
bearing on the personal hygiene of human 
beings congregated in large communities 
and also the proper washing and treatment 
of the clothes they wear. 

The foregoing general remarks on 
“ odours ” will give a general background 
of the various aspects of the subjects dealt 
within the book under review. In the in- 
troduction to the l)ook, they state as follows : 

Granting endless opportunities for dis- 
agreement, for the objectives of this book 
fin offensive odour is one that, from its own 
properties, chemical and physical, is dis- 
turbing to the majority of healthy persons 
exposed to its olfactory action. . . Without, 
on the one hand, condoning all the disturb- 
ances attributed to offensive odours or, on 
the other, rejecting all significance of offensive 
odours, this has been devised to make 
available, in objective fashion, personal 
and accumulated experience related to 
odours in general but chiefly to the offensive 
ones, their control, and their import in the 
luuwan communality." 

Ill other words, the aesthetic and bene- 
ficial contribution of odours ( such as per- 
fumes and cosmetics ) as social embellish- 
ments to make one's self more pleasant or 
attractive in society do not form a serious 
part of this book. Nor is the significant 
part that odour pla3"s in biological functions 
such as mating and the preservation of 
species, struggle for existence, etc., given 
any prominence in this book. In a com- 
munity, offensive odours from solid, liquid 
and gaseous wastes are always present and 
the abatement, masking or elimination of 
such odours for the general well-being of 
the community from the public health 
point qf view happens to be the main 
objective. From this point of view this 
book may truly be termed as a “ community 
service book Every practising doctor, 
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every public health officer, anywhere in the 
world, will derive benefit by going through 
the pages of this book. 

The book contains 23 chapters and an 
extensive bibliography. Starting with the 
anatomy and the physiology of the nose, 
all the subjects are historically dealt with 
in a most logical sequence with ample 
documentation. The next 3 chapters 
deal with the chemical constitution of 
odours, their classification, their detection 
and measurement. A good amoupt of 
work has already been done on the theory 
of odours. Starting from 1870 till 1947, 
there have been 23 theories on the subject 
and no agreement seems to have been 
finally arrived at. An odour may be due to 
the volatility of its constituent or consti- 
tuents, solubility, chemical reactivity and 
to molecular vibrations. According to 
Dyson, an odorous substance must have 
appreciable vapour pressure so that the 
odorous molecules may make contact 
with the olfactory region. It must be 
soluble in the liquid matter of the olfactory 
region. It must have intra-molecular vibra- 
tions of such a period that it has Raman shifts 
between 1,400a and 3,500a. The tendency 
is to attribute the causation of an odour 
to intra-molecular vibrations while giving 
a minor but, none the less, a contributory 
place to other chemical and physical pro- 
perties of the odour substance. The exist- 
ing knowledge on the subject is ably reviewed 
by the authors in different chapters. After 
this, the place, functions and the influence 
of odours in relation to the well-being of 
the community and their control are dealt 
with according to a well thought-out 
plan, viz. the authors start with human 
beings, their personal hygiene in health and 
disease from the point of body odours ; 
next in importance comes the home of a 
citizen and the subject of household odours 
are dealt with ; next in order, the primary 
needs of human beings, viz. food and water, 
are dealt with from the odour point of view 
( including municipal drinking water supply 
and sanitary services). Human beings 
congregate in large offices for their daily 
work and also in industrial establishments 
that carry on processes which come under 
the category of offensive occupations — these 
sjare dealt with next. The question of proper 
ventilation and air-conditioning both in 
an ordinary household and also in large 
factories and offices are dealt with, with 
hints to architects and engineers in the 


designing of these buildings. Whether it 
be in one's own household or in a factory 
or the office, if the offensive odours should 
be controlled, abated, masked or eliminated, 
certain steps have to be taken to achieve 
the object in view and the authors have a 
number of suggestions which have proved 
effectiv^e in practice. Their own personal 
experience and achievements are recorded 
with a certain amount of modesty. For 
example, the treatment of sewage in a city 
in the most inoccuoiis manner and the 
treatment of the city drinking water supply 
by coagulants, chlorine or activated char- 
coal, etc., are dealt with comprehensively. 

Finally, the legal aspect of the odour 
nuisance has been dealt witli accoiding to 
the American Law. The misgivings and 
misapprehensions which the ordinary man 
in the street has regarding the nature, 
character and influence of offensive odours 
hcive been carefully analysed. This is the 
first time that the legal aspects of a subject 
which has been tlie basis of scientific in- 
vestigations in the theoretical and practical 
fields have been dealt with in a scientific 
text-book. 

The authors deserve our thanks and our 
meed of congratulations. The>^ hav^e done 
the job systematically and thoroughly. It 
must have involved a very close and ex- 
haustive study of the subject over a nuUiber 
of years and it is a boon to the community 
that such an excellent treatise should be 
made available to those who are interested 
in this subject. This would include doctors, 
public health officers and legislators and 
administrators. None the less, even an 
ordinary householder has a great deal to 
learn by reading some of tlie chapters of 
the book dealing with household and body 
odours. 

One gets the impression on going through 
the book that special emphasis has been 
laid on human body odours, specially human 
sweat or perspiration. This may be looked 
upon as an indirect indication of the 
specially developed fastidiousness in matters 
of personal hygiene noticeable in American 
society. Personal cleanliness, subjectively, 
may bring about an agreeable iense of well- 
being and one may enjoy the luxury of the 
self-complacent thought that cleanliness is 
next to Godliness ! But, objectively, from 
the detailed treatment of the subject in 
the book, the authors suggest that personal 
cleanliness is a social necessity. Who dares 
disagree with them ^ 
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Just a word about the bibliography. 
The text of the book covers 272 pages and 
the bibliography covers another 125 pages. 
As the authors claim, this may be the most 
complete bibliography in the world in 
English language. Even granting this, this 
chronicling and recording of anything and 
everything of the subject has, in my opinion, 
been overdone. There is no special point 
in trying to be thorough and too complete. 
In books of this nature, one need only 
mention importcypt references leaving out 
other minor scierimftc communications, which 
may find a plkte in scientific journals when 
one special or distinct aspect forms the 
subject of a specialized investigation. There 
is also no special merit in making the biblio- 
graphy too long and too exhaustive in a 
text-book of this nature. In this case the 
extra 125 pages must have added consider- 
ably to the cost of publication and the 
consequent increase in the price. 

Finally, I would like to fnention that 
this book will form a companion volume 
to another excellent earlier British publi- 
cation entitled Chemical. Senses by R. W. 
Moncrieff, published by Leonard Hill Lid., 
London, 1944. 

I acknowledge with gratitude that I have 
made use of, and freely borrowed from, 
the literature on the subject available to 
me at Bangalore. 

S. G. Sastry 

Theory of Groups and Its Application 
to Physical Problems, by S. Bhaga- 
vantam & T. Venkatarayudu ( Andhra 
University, Waltair ), 1948, pp, xi-f234. 
Price Rs. 20. 

This book by two authors who have 
themselves made contributions towards the 
application of group theory to crystal 
physics is a valuable addition to the grow- 
ing literature on the subjed^ The two 
main branches of theoretical physics wherein 
the theory of groups and group represen- 
tations finds numerous applications are 
molecular, specially crystal physics, and 
the relativistic quantum theory of elemen- 
tary particles. In the former the vital 
role is played by the rotation and crystal- 
lographic groups, and in the hitter the 
Lorentz group, conditioned as the theory 
is by the requirements of Lorentz in- 
variance. It is perhaps right to say that the 
book before us is mainly devoted to the 
former aspect of^the physical applications. 


In this particular field in which the interest 
of the authors mainly lies, the exposition 
of the several topics is very lucid, and is 
bound to be of great use to those who want 
a rapid introduction to the subject, but 
have no time to study the more systematic 
treatises. 

The bare outlines of the theory of groups 
are given in the opening chapters, and the 
fundamental theorems, although not fully 
proved, are effectively presented with an 
eye towards applications. We note a slight 
lapse in exposition in the definition of 
isomorphism of two groups on page 24, para 3. 
The correct definition can be found in Van 
der Waarden, Moderne Algebra, Vol. 1 
(2nd edition), page 31. A brief and clear 
account of some irreducible representations 
of the rotation and Lorentz groups is given 
in chapter 12. The chapters on spectros- 
copy include derivations of the usual selection 
rules, intensities of spectral lines and 
discussions of electron spin and band spectra. 
A very good account is given of the 
applications to Raman effect, infra-red 
absorption, etc. 

There is no doubt that the book will be 
widely used and appreciated by physicists 
who have occasion to work in these 
fields. The authors are to be congratulated 
for the production, and the Andhra Uni- 
versity for the sponsoring of such a scholarly 
publication in the field of mathematical 
physics. 

B. S. Madhava Rao 

Fream’s Elements of Agriculture, 

revised and edited by D. R. Robinson ; 
prepared under the authority of the 
Royal Agricultural Society of England 
(John Murray, London), 1949, 13th 
ed., pp. xi-f-723 ; 110 figures and 58 
halftone plates. Price 21s. net. 

In a recent survey carried out in 
Cambridge, it was found that nearly 50 per 
cent of the scientific text-books recommended 
to the students were not available for 
purchase, and that nearly 33 per cent of 
the books so recommended had to be of 
American origin, as against 10 per cent 
before the war. This illustrates briefly, 
how serious is the shortage of suitable text- 
books in Britain, and how eagerly this new 
and completely revised edition of this well- 
known and classical text-book will be 
welcomed, particularly by students of 
British agriculture. 



July 1949] 


REVIEWS 


287 


Fream's Elements of Agriculture was first 
published in 1892, and for the last half a 
century and more, it has served usefully, 
successive generations of students and agri- 
culturists. The very fact that it had gone 
through a dozen editions by 1932 and had 
seen a number of reprints of each edition 
in between, indicates its high popularity. 
The last edition was edited by Sir Rowland 
Biffen and his colleagues of the School of 
Agriculture, Cambridge. That edition was 
reported to have been completely revised 
and entirely rewritten in the light of the 
great changes that had taken place in the 
agricultural science and in the outlook of 
agriculturists. The causes which justified 
the revision in 1932 are even more valid 
with the present edition, which appears 
after a lapse of nearl}' two decades during 
which revolutionary changes have taken 
place in British agriculture consequent 
upon the demands of World War 11. Not 
only have high-powered machines replaced 
horse-drawn elements in various fields of 
farming, but systems of farming have, been 
altered with a view to meet the greater 
demands for food crops. Bogs, fens and 
moors have been ploughed up and permanent 
pastures converted into arable lands. Ley 
farming, once confined to Scotland and the 
moist parts of England, has spread to 
other parts of the country. The advances 
in British agriculture have been so ex- 
tensive and rapid, that a new edition in- 
corporating advances in all branches of 
crop and animal husbandry had already 
become overdue. 

The Royal Agricultural Socictv of England 
has to be congratulated for bringing out 
this new edition suited to the needs of 
post-war agriculture. The book is edited 
by Dr. Robinson with the assistance of 
a large team of well-known authorities. 

The present edition follows the plan of 
the previous edition, but nearly all the 
chapters have been completely revised, 
rearranged and many parts rewritten in 
order to bring the matter up to date. No 
effort has been spared to bring out a readable 
and authoritative work suitable for both 
students of agriculture and farmers who 
wish to gain an all-round knowledge of 
agricultural science. 

The subject-matter of the book is divided 
amonpt 24 chapters and .S appendices, 
covering in all 714 pages. The first 8 chap- 
ters deal with general agriculture. The next 
8 chapters are devoted to crop husbandry 


and the last 8 chapters to animal hus- 
bandry. Following the text are 5 appen- 
dices summarizing a great deal of useful 
information. The first one gives a list of 
books for further reading. It is commendable 
that most of the books cited are the latest 
available in their respective fields. Appen- 
dix 2 summarizes sowing and yield data 
of crops and in a way replaces the deletion 
of a separate chapter devoted to this topic 
in the previous edition. Appendix 3 deals 
with Seeds Act of 1920 and appendix 4 with 
the control of weeds by chemicals. The 
last appendix summarizes the CJC-nposition 
and nutritive value of feeding stuffs. A 
comprehensive index completes the volume. 

The present edition possesses a number of 
useful features which 'are an improvement 
over the previous one. Amongst these, 
the most important are the inclusion of a 
new chapter on farm buildings and perma- 
nent equipment and the stress laid on 
the use of mechanized farming, particularly 
tractor farming. A rearrangement of the 
chapters has been made, particularly on 
crops, resulting in a more rational treatment 
of the subject. The chapter on insects 
wiiich was at the end of the book in the 
previous edition has been shifted to a more 
logical position following the diseases of 
crops. The chapter itself has been consider- 
ably enlarged and copiously illustrated to 
inciude all the pests of crops and stock. 
Among other features may be mentioned 
the inclusion of such topics like the role 
of trace elements in plant and animal nutri- 
tion, use of composts, weed control by 
chemical methods and a greater emphasis 
on cytological details in plant breeding. 

It is obviously difficult for a single reviewer 
to adjudge fairly a book which covers 
such a wide range of subjects. All the 
sections appear to. have been brought up 
to date and much of the information that 
is new fully incorporated. W'hile it is 
difficult in a book of this type to satisfy 
all the readers, it appears to the reviewer 
that the book could have been slightly 
enlarged, without increasing the bulk consi- 
derably and a short chapter included on 
farm management, in view of the changes 
brought about by extensive mechanization. 
A section on bee-keeping would have been 
useful in view of the importance attached 
to it as a subsidiary agricultural occupation. 
The chapter on animal production and 
dairy products included in the previous 
edition could have been usefully retained. 
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at least in an abridged form. The list of 
books intended for further reading could 
have been slightly enlarged and given 
under the appropriate chapters, as was 
done in the previous edition, rather than 
cited in an appendix. The index itself 
could have been made more exhaustive in 
order to include all the important topics 
and plant and animal names cited in the 
text, particularly in view of the absence 
of a detailed list of contents as in the 
previous edition. 

In spite of these omissions, the book is 
comprehensive and provides an excellent 
introduction to students of agriculture. 
Although it is addressed to English students 
and farmers, the lucid exposition of the 
fundamental principles gives the book a 
much wider field of utility. The book is 
well printed and profusely illustrated. The 
revised edition maintains in all respects 
the high standard of its predecessors and is 
sure to enjoy a further span of fruitful 
..life in agricultural education. 

K. R. Ramanathan 

Progress in the Theory of the Physi- 
cal Properties of Glass, by J. M. 

Stevels ( Elsevier Publishing Company 

Inc.j Amsterdam), 1948, pp. xi+104. 

Price 10s. 

This publication is one of a series of 
monographs on the progress of research 
in Holland during the war, and is based on 
the results of investigations planned and 
carried out in the Philips Research Labora- 
tories. The work reported upon relates 
to some important phy.sical properties of 
glasses, particularly those which are under- 
stood to be correlated with the structure of 
glass at room temperature, such as density, 
dielectric losses, electrical conductivity and 
molecular refraction. 

The first chapter of the book, viz. general 
introduction, gives an excellent resume of 
the views so far propounded or currently 
held and our state of knowledge concerning 
structure in the vitreous state. It is largely 
based, therefore, on the ideas set forth by 
Zachariasen, and which found confirmation 
in the experimental work of Warren and 
his coworkers. As stated by Zachariasen, 
the atomic or molecular arrangenient in 
the vitreous state is characterized by an ex- 
tended network which lacks symmetry and 
periodicity. This is ill strong contrast with 
the regular arrangement in the crystalline 


state and leads to the characteristic beha- 
viour of glasses as super-cooled liquids 
in which, although the crystalline state is 
thermodynamically the more stable one, 
the mobility of the atoms has become so 
small as to disallow the possibility of regular 
packing taking place. Zachariasen con- 
cluded that the free energy of the solid 
glass cannot exceed that of the crystalline 
phase by a large amount and his conclusions 
have proved to be an excellent guide to 
subsequent workers in their investigations 
on this subject. 

For calculating the densities of glasses 
from chemical compositions, a simple addi- 
tive formula has been in vogue. On the 
basis of the work reported in the book, a 
new method, more closely connected with 
an insight into the structure of glass, has 
now been developed. In chapter II, dealing 
with density, the validity of the new method 
has been considered from the viewpoint 
of structure in the vitreous state, and its 
applicability to the cases of one-component 
and multi-component glass systems has 
been illustrated; and discussed in consider- 
able detail. On the basis of conclusions 
formed from considerations of density, a 
more precise understanding of the pheno- 
menon of electrical conductivity in glasses 
as a function of temperature and composition 
is discnissed in chapter III, and an ex- 
planation is advanced for the interesting 
results obtained by Gehloff and Thomas 
that although electrical conductivity in 
glasses is believed to be entirely due to the 
movement of Na+ ions in silicate glasses 
with a constant total weight percentage 
of NajO -f KgO, such conductivity does not 
increase continuously on replacing KgO by 
NagO, but decreases slowly to a minimum 
value and then increases rapidly. 

Dielectric losses of glass form the subject- 
tnatter of chapter IV. This is a subject 
on which there is very scanty literature 
and hardly any systematic work has been 
carried out before except that by Strutt, 
who gave an empirical relationship between 
the power factor and temperature involving 
constants whose values were dependent 
upon the composition of glass and the 
frequency. A theory governing such di- 
electric losses has been developed by the 
Philips' workers on the basis of the structure 
of glass, and it has been surveyed in the 
light of experimental results. The last 
chapter gives a similar treatment of mole- 
cular refraction for which it had been found 
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by earlier investigators that experimental 
values often differ from the values calculated 
by adding the atomic refractions which 
are independent of the composition. 

Altogether, this monograph is a very 
valuable contribution to the literature on 
glass in English language. Dealing as it 
largely does with a terse and speculative 
subject, viz. structure in the vitreous state, 
and an understanding of the physical 
properties in terms of structure and chemical 
composition, it may find but a limited 
circle of readers. 

The numerous symbols and abreviations 
used and what they stand for are rather 
difficult to remember as one progresses 
through the book but perhaps this was 
inevitable in a research publication of this 
nature. It will find invariably a place in 
the library of every research organization 
dealing with glass technology. 

The monograph has been well printed 
and neatly got up in a handy size. 

Y. P. V. 

Properties of Soft Solders and Soldered 
Joints ( Research Monograph No. 5 ), 

by J. McKcown ( British Non-Ferrous 
Metals Research Association, London ), 
1948, pp. 140 56 illustrations + 49 

tables. Price 17.s'. 6d. 

The British Non-Ferrous Metals Re- 
search Association has, from its first days, 
taken an interest in the problem of solders 
and soldering. The results of its first in- 
vestigation appeared in 1932 in the Asso- 
ciation’s Research Monograph No. 1, Tin 
Solders by S. J. Nightingale, a second edition 
of which, revised by O. F. Hudson, appeared 
in 1942. Meanwhile, the tin shortage follow- 
ing the beginning of the war in 1939 
stimulated the B.N.F,M,RA. (which 
was continuously consulted on methods of 
economizing in the use of this metal ) to 
researches on solders of lower tin content. 

Information was lacking on the mecha- 
nical properties of the tin-economy solders 


and joints made by them. To fill this gap, 
a wide variety of tests were carried out over 
a series of temperatures including tests on 
the creep properties of joints made with a 
range of solders. In addition, comparison 
was made ( by soldering, area-of-spread and 
capillary penetration tests ) of high-tin and 
tin-economy solders. The hot tearing of 
solders was examined in order to define 
suitable compositions for the avoidance of 
this trouble ; and investigation was made 
of the soldering of aircraft oil-coolers by 
lead-rich solders. 

This experimental work and the con- 
clusions drawn from it are described in the 
present volume by Dr. John McKeown who 
led the team concerned with this war-time 
research. 

The monograph is divided into 6 
chapters. 

The first chapter deals with the properties 
required in solders and solder joints. Chapter 
II is devoted to composition of solders, 
under which head description of the former 
British standards, tin economy solders and 
solders investigated during the war years 
are given. Various soldering power tests 
are dealt with in the third chapter. This 
again is sub-divided into 3 sections : (i) bit- 
soldering tests ; (ii) area of spread tests ; 
and (iii) capillary penetration tests. Chapter 
IV deals in 5 sections mechanical properties 
of solders and joints, effect of addition of 
tin to lead-silver solders, life and creep tests 
on joints and fatigue tests on lap joints. 
The last two chapters deal with hot tearing 
in solders and the soldering of aircraft with 
lead-rich solders. 

The investigation described in the present 
publication and the conclusions reached are 
of permanent value as a substantial addition 
to knowledge of the soldering process and 
the properties of behaviour of solder joints. 
The volume should prove valuable to all 
users of solders. 

The get-up and printing of the book are of 
a high order. 

A. K. 



Fluorine Chemistry 


M. M; SINGH 
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F luorine and its compounds have unique 
properties due to the fact that fluorine 
occupies the, extreme upper right-hand 
corner of the Periodic Table and is much 
more electro-negative than its neighbours. 
The compounds of fluorine — both organic and 
inorganic — due to their extreme properties not 
only test aind extend our theories of chemical 
combination, structure and reaction, but provide 
a large number of new substances of varied utility. 

Though prepared first in 1886 by Moissan^, it 
remained, for many years, a mere chemical curiosity. 
It is only after the first quarter of the present 
century that the chemistry of fluorine attracted 
serious study. It received a great impetus during 
the last war in view of its bearing on the develop- 
ment of atomic energy. Fluoriile in the elemental 
form was first put up for sale in the American 
market* in 1946, and it is likely to become available 
in England this year. 

Inorganic Oompounds 

A large variety of inorganic fluorine compounds 
is known. Some of them have established large- 
scale uses. A few examples will suffice : fluorite 
in metallurgy, particularly of iron ; cryolite in the 
metallurgy of aluminium ; sodium fluoride and 
barium fluo-silicate as insecticides. Liquid hydrogen 
fluoride provides a medium for the liquid phase 
oxidation of organic compounds with molecular 
oxygen as the oxidizing agent* at temperatures 
below 200°C. There are possibilities of numerous 
applications for other inorganic fluorine com- 
pounds based on the tendency of fluorides to form 
double and complex salts. Many crystalline com- 
pounds are formed with hydrogen fluoride, such, 
for example, as the hydrofluorates of sodium fluo- 
ride and potassium fluoride. Many complex ions in 
which fluorine is involved are known. The iron- 
fluorine complex is the basis for the use of potas- 
sium bifluoride in removing rust spots from clothing 
and similar materials. Compounds of fluorine with 
other electro-negative elements are of great interest. 
Sulphur hexafluoride is a surprisingly unreactive 
compound, and is, therefore, useful in high voltage 
work*. The fluorides of bromine and chlorine, on 
the other hand, are highly reactive. The latter 
( QF, ) was made by the Germans in relatively 
small quantities for military purposes ( incendiary ) 
during the last war. 

Orgaillc Ck>mpoiittds 

In the. field of organic chemistry, many more 
fluorine^-containing compounds are theoretically 
possible than are known. At present that number 
is not as imposing as that of organic chlorine 
compounds* One reason is that the usual methods 
of synthesis arc not always applicable for the 
preparation of organic flourine compoands. A 
^ignifleant development in technique is the replace- 
ment of chlorine by fluorine by using slflver and 
mercury fluoridroB. The Swarts reaction and the 


modified Sandmeyer ( sometimes called Schieraann) 
reactions have proved satisfactory for the synthesis 
of many fluorine compounds. Organic fluorides 
vary in activity from extreme inertness to high 
reactivity. In general, the introduction of fluorine 
imparts inertness and stability. 

Commercial Applications 

The commercial applications of fluorine com- 
pounds are many. The freons, especially Freon-12 
{ CCljjFj ), arc important in refrigeration and air- 
conditioning. During the war. Freon- 12 was 
employed in aerosol bombs® for exterminating 
malarial mosquitoes in ships and barracks. In 
India, where vast regions are malaria-ridden. 
Freon should prove a real boon. Hydrogen 
fluoride is extensively employed by the petroleum 
industry in the synthesis of high-octane gasoline. 

Many inorganic fluorides, notably fluorspar, 
boron trifluoride, cryolite and sodium fluoride 
have been commercially important for years. 
Sulphur hexa-fluoride is being used as an effective 
insulator in high voltage electrical and X-ray 
fields. Sodium fluoroacetate is a valuable rodenti- 
cide, and fluorine-containing analogues of D.D.T. 
have found use as insecticides. 

Fluorocarbons find a wide application in industry 
on account of their non-flammability and extreme 
stability to heat and chemical reagents*. The 
unique solvent properties of this class of substances 
should make them particularly valuable in the field 
of solvent extraction. The fluorocarbon plastic 
" Teflon " is a product of considerable interest. 
Its u.se in the generation and handling of fluorine 
is of special interest. On the basis of information 
now avail?„ble, it may be stated without exaggeration 
that in the study of fluorocarbons we are confronted 
with a vast new field of “ inorganic-organic ” 
chemistry which is as immense as organic chemistry. 

F^uture developments in fluorine compounds may 
be expected to include : dyes, plastics, pharma- 
ceuticals, lubricants, tanning agents, metal fluxes, 
fumigants, insecticides, fungicides, germicides, 
rodenticides, fire-extinguishers, fire-proofing com- 
pounds, solvents and heat-transfer media. All 
present indications point to the conclusion that 
fluorine chemistry is destined to become important, 
both from the point of view of its theoretical 
importance and its commercial applications. 
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Defence Research in Australia 


T HE work of the Defence Research Laboratories 
(D.R.L.), Department of Supply and 
Development, Australia, during the year 
1947-48, continued its work along the lines 
described in the previous report. An impor- 
tant aspect of the research carried out by the D.R.L. 
( other than the confidential work carried out for the 
Armed Forces ) is the prominence given to funda- 
mental research. Other equally Significant features 
are the amount of research carried out by the 
several defence research laboratories for private 
industry and the attention paid to long-term 
investigations. 

The distribution of work as originating from 
the different groups of clients or initiated with the 
D.R.L. as long-term investigations was as follows : 

Department of Supply and Development % 
and Defence Departments ... ... 40 

Other Government departments and public 
Instrumentalities ... ... ... 23 

Private industry ... ... ... 16 

Long-term investigations ... ... 21 

The D.R.L., maintains close collaboration with 
the Council of Scientific & Industrial Research and 
with the New Zealand scientific establishments. 

Fees for laboratory work are charged to private 
firms but not to governmental authorities. They 
are on a nominal scale and are not designed to 
make a recovery of overheads, the unrecovered 
portion of costs representing the government 
contribution to the development of industry. 

Electrical work had hitherto been done by the 
Physics Section of the D.R.L. but the need for a 
new .section for electricity had become urgent, as 
the facilities already obtaining at the D.R.L. for 
testing, consultative, inv^estigational and research 
work in electricity and electronics are inadequate 
for the future needs. Sanction has been obtained 
for establishing a new Section for Electricity. 

The major activities and developments of the 
various sections and inter-state branches are : 

General Chemistry Section — Specification test- 
ing and advisory work for the Services have 
continued to be a substantial part of the Sections' 
activities, i.e. identification and checking of 
reserve and surplus stock materials such as lubri- 
cants, corrosion preventives and other general stores. 

Chemical Defence Section — An increasing number 
of requests from Government departments and 
industry for advice and assistance in connection 
with the sampling and estimation of vapours and 
air-borne dusts have demonstrated that the 
Section meets a real want in this field. 

Arising from a F.I.A.T. report de.scribing a 
German process used for the preferential recovery 
of ethylene from coke-oven gas, the possibility 
of the utilization of charcoal for this purpose has 
been investigated. A laboratory plant based on 
the continuous principle was erected and a concen- 
tration of ethylene from 4 per cent to 20 per cent 
has been obtained. 

Explosives & Ammunition Section — The work 
of the Section during the year under review 
has been concerned maihly with the design, 


manufacture, and functioning of ammunition, 
and the manufacture and storage of explosives 
required by the Defence Services, 

Metallurgy "A" Section — A major proportion 
of the activity of the Section has been given to 
investigations relating to metal processing and the 
behaviour of metal in service. 

Metallurgy “B" Section — Three-fourths of the 
routine and ad hoc investigations cirned out by 
the Section has been for the Goveriin^ nt depart- 
ments and the rest for private industry. Outside 
activities which engage the attention of the Section 
include work for various Committees of the 
Standards Association of Australia and the National 
Association of Testing Authorities. 

An important function of this section is the 
training of workers in industrial radiography for 
other establishments and industry. 

Engineering Section Both governmental bodies 
and private industry use the facilities available in 
this Section. Much of the work carried out is in 
connection with day-to-day problems, but long- 
term investigations have been an important part 
of the Section’s activities. Fatigue character- 
istics of alloy steels, testing and calibration .service 
and fabrication of testing instruments are some 
of the typical examples. 

Metrology Section — The Section carried out a 
large amount of general examinatioil and ad hoc 
investigational work on behalf of Government 
departments and private industry in connection 
with gauging and measuring methods, inspection 
of equipment, specifications, drawings, etc. 

Physical Section — A study is being made of the 
modern techniques of interference microscopy and 
phase-«ontrast microscopy. Special-purpose mono- 
chromat objectives have been designed. A survey 
was made of possible formulae expressing the 
refractive index of optical glasses as a function of 
wavelength. Decade counting units have been 
built which are reliable in operation at frequencies 
up to 1 megacycle per sec. A magnetostriction 
oscillator, consisting of a nickel tube vibrating 
longitudinally at about 30,000 cycles per sec., has 
been built for the purpo.se of disintegrating bacteria. 

Workshops — During the year there has been an 
increase in the proportion of work of a specialized 
nature carried out by the experimental glass-work- 
ing, fine instruments, etc., as follows : 

Glass-working — Construction and mounting of 
glass membranes, production of components for mi- 
croscope lenses, experimental haemacytometer, etc, 

Fine Instruments — Construction of platinum 
resistance thermometers, experimental “ Vortex 
Tube ” apparatus for the liquefaction of gases, 
components for a mercury diffusion pump, ex- 
perimental sonic disintegrator for bacteria, etc. 

Mechanical — Equipment for optical projection, 
X-ray diffraction equipment, mechanical compo- 
nents for microscopes, pantograph hob-measuring 
instrument, etc. 

Technical Information Service — This Section 
works in close collaboration with the other labora- 
tory sections. The number of enquiries received 
during the year has shown a marked increase. 
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Neomycin, a New Antibiotic 

This new entrant into the 
field of antibiotics, active against 
streptomycin-resistant bacteria 
including streptomycin-resistant 
strains of M. tuberculosis, has 
been isolated from culture media 
on which Actinomyces fradii ( now 
Streptomyces fradial ) was grown 
(Science, 1949, 109 , 305). The 
bacterium, when grown on a 
medium containing peptone or 
meat extract, glucose and common 
salt, is found to produce the 
antibiotic under both stationary 
and submerged conditions of 
culture. Neomycin can be sepa- 
rated from the culture medium 
and concentrated, employing 
methods similar to those used in 
the case of streptomycin. 

Neomycin is a basic compound, 
most active at an alkaline />H. 
It is soluble in water, insoluble in 
organic solvents, and is thermo- 
stable. It is activ'e against nu- 
merous Granri-positive and Gram- 
negative bacteria, especially 
myco-bacteria, but not against 
fungi. 

The outstanding properties of 
the new antibiotic are : (1) activity 
against both streptomycin-sensi- 
tive and streptomycin-resistant 
bacteria ; (2) high potency ( in 
some cases greater than strepto- 
mycin ) against various forms 
of M. tuberculosis and myco-bac- 
teria ; (3) limited or no toxicity 
to animals ; (4) activity against 
various bacteria in vivo, including 
Gram-positive and Gram-negative 
organisms and (5) absence of resist- 
ance against neomycin among 
organisms sensitive to it, or only 
limited development of such 
resistance. 

When a 20-hour old agar 
culture of E. coli was suspended 
in water and plated out in 
nutrient agar containing 5 p 
or 25 (A of neomycin per c.c., no 
colonies of E. coli developed out 
of 22 billion cells after 9 days 
incubation at 28°C. Similar 
concentra|;ions of streptomycin 
would usually allow the develop- 
ment of a dozen or more bacterial 
colonies per plate. 

Broth or agar culture contain- 
ing sufficient neomycin to inhibit 
the growth of bacteria were 
incubated for considerable periods 
of time. No further bacterial 


development occurred beyond a 
certain initial inhibiting concen- 
tration, thus pointing, on the one 
hand, to the stability of neomycin 
as contrasted with that of aureo- 
mycin and, on the other hand, 
to the lack of resistance developed 
among the sensitive bacteria, 
as contrasted with streptomycin. 

Pyrethrin Substitutes 

The synthesis of new pyre- 
thrin-like compounds has been 
announced from the laboratories 
of the Bureau of Entomology & 
Plant Quarantine, U.S.A. ( them. 
Age, 1949, 60 , 484 ). The chemi- 
cal composition of the synthetic 
materials is stated to be identical 
with that of the active principle 
in pyrethrum. The material will 
not breakdown as quickly as 
the natural product. One of 
the compounds tested is reported 
to be 6 times more powerful in 
its knock-down action than the 
toxic principles from pyrethrum 
flowers. 

Starting materials for the 
synthesis are pyruvic aldehyde 
and aceto-acetic ester. Basis of 
the first of the.se is propylene 
glycol, and the second is made 
from ordinary alcohol and acetic 
acid. 

Soil Glassification in U.S.A. 

The system of soil cl,\ssifica- 
tion developed through years of 
research and now used throughout 
the United States makes it 
possible to apply techniques of 
modern agricultural science to 
individual farms, according to a 
report of the U.S. Department 
of Agriculture. 

Because soils differ widely 
within any area, the success of 
the cqjplication of new research 
flndings on a given farm cannot 
b# predicted accurately unless 
soils at the research station and 
at the farm arc classified in terms 
that permit comparison. 

On the basis of field and 
laboratory experiments conducted 
during 1912 to 1935, a new 
concept has been formulated. 
The process of soil formation in 
different envitonments are so 
unlike that soils developed from 
siiChilar rocks in different places 


have widely different character- 
istics and behaviour. 

In defining soil types, the 
characteristics taken into consi- 
deration are surface slope, tex- 
ture, stonine.ss, fertility, depth, 
drainage, acidity, and presence 
of impervious layers. 

More than 8,000 different soil 
types have been identified. In 
soil survey reports, the different 
types in a particular area, usually 
a .single country, arc classified, 
shown on maps, and described. 
A sandy loam is described as a 
poorly drained, acid, sandy soil, 
with no layers that cannot be 
penetrated by water and plant 
roots. It requires drainage to 
lower the water table, is deficient 
in plant nutrients, and needs 
heavy fertilization to produce 
high yields of most crops. 

Such classification furnishes an 
accurate and orderly basis for 
assembling in usable terms the 
results of research and the ex- 
perience of farmers. It permits 
prediction of crop adaptability, 
probable yields, and management 
requirements of specific areas 
of land. Experimental results 
or farmers’ experience with one 
type of soil may have little or 
no prediction value for other 
soil types. Soil classification 
provides a means of showing the 
types of soil on any piece of 
property so that farmers may 
choose used practices that ex- 
perience of research has showiv 
to be suitable to these soil types. 
It has played a major role in the 
development of programmes for 
soil improvement and conser- 
vation and for the prompt and 
effective adjustment of agricul- 
ture to meet fluctuating economic 
conditions and emergencies 
(USIS). 

Deficiency in Soils 

A PRACTICAL METHOD OF DETER- 

mining what elements essential 
for normal plant growth may be 
lacking in a soil, has been 
developed by the Bureau of Plant 
Industry of the U.S. Department 
of Agriculture. Research on the 
tobacco plant has demonstrated 
the possibility of detecting specific 
soil deficiencies through obser- 
vations of plant abnormalities. 

The lack of a specific element 
can be detected by certain typical 
symptoms, especially as they 
first appear on the plant. The 
symptoms produced by deficien- 
cies fall into two groups : (1) those 
localized on the older or lower 
leaves, or more or less general 
on the plants^ are due to lack of 
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nitrogen, phosphorus, magnesium, 
potassium and zinc — elements 
that are readily mobile ; (2) those 
localized on the upper or bud 
leaves are due to lack of calcium, 
boron, copper, manganese, sul- 
phur and iron — elements that 
are relatively immobile. 

Local symptoms such as chloro- 
sis of the older leaves, with or 
without necrotic ( dead ) spots, 
are due to potassium, zinc or 
magnesium deficiency. Potassium 
and zinc hunger are distinguished 
from magnesium deficiency by 
the development of necrotic spots 
at the tips and margins of chlorotic 
( pale ) leaves. The breakdown 
from zinc deficiency differs from 
that of lack of potassium by 
progressing more rapidly and 
not being confined so sharply to 
leaf tips and margins. Nitrogen 
deficiency is manifested by general 
effects with the development 
of a light-green colour and drying 
of the lower leaves. Dark-green, 
immature plants are character- 
istic of phosphorus shortage. 

The younger or bud leaves may 
become chlorotic or wilted with 
or without breakdown. Boron 
and calcium deficiencies both 
result in a die-back of the terminal 
growth but produce different 
symptoms in the early stages. 
Calcium shortage first becomes 
apparent in a light-green colour, 
followed by a typical hooking 
downward, with necrosis ( dead 
tissue ) developing at leaf tips 
and margins ; if later growth 
takes place, these tips and margins 
are missing. Boron deficiency 
also first appears as a light-green 
colour, but this is followed by 
more or less breakdown at the 
base of the bud leaves ; these 
may later make some distorted 
growth but the leaves break 
easily and the vascular tissue 
is black. Copper shortage is 
characterized by a permanent 
wilting of the upper leaves ; if 
this occurs after the flowering 
stage, the .seed stalk is unable 
to stand erect. 

Manganese, iron and sulphur 
deficiencies produce chlorotic 
effects on the terminal growth or 
young leaves without complete 
breakdown. In managanese de- 
ficiency, chlorosis tends to follow 
out the minutest branches of the 
vascular system, giving the leaf 
a checkered effect, and this is 
^ accompanied by small necrotic 
spots scattered over the leaf. 
The chlorosis due to iron and 
sulphur deficiencies involves no 
necrosis. Iron chlorosis occurs 
first on tissue between the'^i^eins, 


but in extreme cases the entire 
leaf becomes white or yellow. 
Sulphur shortage is evidenced 
by loss of green on the upper 
leaves and by light-green veins, 
A deficiency of more than one 
element may cause a greater re- 
duction in growth, but the most 
evident .symptoms are commonly 
those typical of a shortage of the 
element most deficient. 

These findings made it possible 
to prepare a key to facilitate 
diagnosis of deficiency effects on 
the tobacco plant, and have 
stimulated similar studies of other 
plants from which to establish 
a practical basis for compounding 
corrective fertilizers ( If SIS). 

Detection of Sulphur 

When organic compounds con- 
taining hydrogen are heated above 
the melting point with elementary 
sulphur, hydrogen sulphide is one 
of the decomposition products. 
Its evolution is marked when a 
polyhydru: phenol, for example 
hydroquinone or pyrogallol, is 
the reducing agent. This re- 
action affords a means of detect- 
ing .sulphur quickly and conve- 
niently in complex or coloured 
materials, provided they are not 
too readily combustible { Nature, 
1949, 163 , 537 ). 

A small quantity of the subs- 
tance to be tested is mixed in the 
dry powdered state with an equal 
weight of a polyhydric phenol, 
for example hydroquinone or 
pyrogallol, and the mixture heated 
in a bulb tube above the melting 
point. A freshly moistened lead 
acetate paper held in the issuing 
vapours is stained brown when 
sulphur is present. Under such 
simple conditions, it has been 
found that 0 0001 gm. of sulphur 
can be detected, but it is possible 
that an even higher degree of 
sensitivity might be attained. 

Studies with a few typical 
sulphur compounds have shown 
the metallic sulphates, sulphides 
and sulphonates are unrcactive, 
while sulphites are slowly reduced 
and yield hydrogen sulphide after 
a period of heating. Thio-urea 
yields hydrogen sulphide ; pre- 
sumably, any organic sulphur 
compound which decomposes on 
heating re.sponds to the test. 

The test promises to be of value 
in the examination of pigmented 
materials, dyestuffs and carbona- 
ceous matter and, although it has 
obvious limitations, may prove 
u.seful in qualitative analysis as 
a confirmatory test for free 
sulphur or as an aid in the 


identification of organic sulphur 
compounds. 

The conversion of sulphur to 
hydrogen sulphide with poly- 
hydric phenols appears to be 
quantitative and the reaction 
can be made the basis of a 
method for estimating sulphur. 

Amino Acids as 

Fat Stabilizer^ 

The cost of stabilizing lard 
and other animal fats by means 
of phenolic anti-oxidants may be 
reduced by the use ol methionine 
and other relatively ' i ^ expensive 
amino acids to synergize the 
activity of such costly anti-oxi- 
dants as a-tocopherol, hydroqui- 
none and nordihydroguaiaretic 
acid. It has been found that 
0 01 per cent of an anti-oxidant 
together with 0-01 per cent of 
amino acid is as effective as 
0-1 per cent of the phenolic 
anti-oxidant alone. 

With a-tocopherol as the 
primary phenolic anti-oxidant, 
the most effective synergists were 
found to be methionine and 
ascorbic acid. But with hydro- 
quinone and nordihydroguaiaretic 
acid, methionine gives the maxi- 
mum effect. Other amino acids, 
reported to be effective but not 
as effective as methionine, include 
threonine, leucine, norleucine, 
valine and cysteine and phenyl- 
alanine [Chem. Eng., 1948, 55, 
19). 

Aluminium Welding Alloy 

.\ NEW LOW temperature, 
aluminium welding alloy, Eute- 
crod 900X, that will not warp 
or distort aluminium surfaces, 
has recently been developed by 
the Eutectic Welding Alloys Corp., 
New York (Chem. Age, 1949, 
60 , 363 ). The alloy will permit 
the welding of thin aluminiun\ 
parts at temperatures below the 
metal's melting point with greater 
fluidity than is attained by alu- 
minium brazing. The low tem- 
perature operation is said to 
make it particularly suited for 
the manufacture of all light- 
gauge aluminium parts, tubing, 
sheets, bands and shapes without 
risk of distortion. 

The new alloy is available in 
and .,V' in coil form. It bonds 
at 900''E. and re-melts at 950''F. 
It has a tensile strength of 30,000 
p.s.i. Corrosion resistance is 
stated to be comparable with 
aluminium and colour match is 
excellent. 
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Amlilo Add Antagonist 

Intbrbst of microbiologists 
and nutrition experts has been 
attracted to p,2-thionylalanine 
since the compounds has been 
found to possess specific activity 
against amino acids. It is used 
in medical and biological labora- 
tories as a specific antagonist 
toward phenylalanine in the 
metabolism of a number of 
organisms. This white, soluble, 
odourless powder is now available 
for stock delivery from Arapahoe 
Chemicals Inc. of Boulder, Colo. 
(Chem. Eng., 1949, 56, 171 ). 

Preparation of 

Ammonia Solutions 

A SIMPLE PROCESS HAS BEEN 
developed for the preparation of 
aqua ammonia by direct line 
mixing of water and anhydrous- 
ammonia as the ammonia is 
unloaded from tank cars. Equip- 
ment requirements are small ; 
the process is simple and auto- 
matic ; and it makes possible 
attractive savings for large-scale 
users of aqua ammonia in that 
it eliminates the cost of shipping 
4 tons of water with every ton 
of ammonia (Chem. Eng., 1949, 
56,127). 

Anhydrous ammonia, as it 
flows from tank cars ’ under its 
own pressure, is mixed with an 
automatically controlled flow 
of treated water in a globe value 
line mixer. The proportioning 
of the flows of ammonia and 
water by means of flow instru- 
ments was considered impractical 
because of the difficulties in 
accurately measuring two-phase 
flow. Flow is, therefore, propor- 
tioned on the basis of the tem- 
perature rise resulting from the 
exothermic heat of solution. With 
this method of control, ammmonia 
flows freely and uncontrolled 
-from tank car to storage and is 
line mixed with a controlled 
flow of water ; water flow is 
automatically adjusted to hold a 
fixed temperature after mixing. 

The theoretical temperature 
rise which occurs when anhydrous 
liquid ammonia at 68 ®F, and 
water at 68®F. are mixed, has 
lieen calculated for several aqua 
ammonia concentrations from the 
thermal data. 

Typical installations using 3 
piping for liquid ammonia flow 
and V Piping for water and aqua 
ammonia flow permit the unload- 
ing of a 10,000 gal. ammonia 
tank car in 6 


Effect af ** Gammexane *’ 

on Paper 

The use of Gammexane in 
preserving valuable documents 
and books in libraries has been 
studied from the point of view 
of its possible effect on the 
durability of paper ( Nature, 
1949,163,607). 

No. 2 “Gammexane” smoke 
generators, weighing approxi- 
mately 2 oz. per 1,000 cu. ft. as 
recommended by the manufac- 
turers, Imperial Chemical Indus- 
tries Ltd., for insects infesting 
stored products, was employed. 
Samples of paper were exposed 
to the smoke for 72 hr. in order 
to allow it to settle down com- 
pletely, and care was taken to 
prevent any scorching effect 
from the smoke generator. Sam- 
ples exposed to “ Gammexane “ 
smoke were also submitted to 
accelerated ageing, which consist- 
ed in heating the samples for 
72 hr. at 100°C. The tensile 
breaking strength and the folding 
endurance of the treated and 
control samples were measured 
according to the standard TAPPI 
methods. 

The mere exposure of paper 
to “ (Gammexane “ smoke brought 
about a substantial decrease in 
its tensile strength and folding 
endurance — as much as 53^7 
and 71*5 per cent respectively 
in one instance. Papers exposed 
to “ Gammexane “ and then sub- 
mitted to accelerated ageing 
turned slightly yellow, and there 
was a complete loss of folding 
endurance in nearly al! cases. 
All-rag hand-made paper of an 
extremely durable quality used 
for the repair of old manuscripts 
had a normal folding endurance 
of 4,164; but on exposure to 
“ Gammexane “ smoke the reten- 
tion of folding endurance was 
28' 5 per cent only, while on 
accelerated ageing, the retention 
of folding endurance further 
decreased to zero. 

The data obtained conclusively 
prove that treatment with No. 2 
“ Gammexane “ smoke generator 
is definitely injurious to paper 
records of all kinds and effects 
their durability as . badly as 
acidic gases. As the water 
through which the smoke had 
been bubbled was found to be 
distinctly acidic, it is almost 
certain that at least a part of the 
embrittling effect produced on 
paper is due to the smoke- 
generating materials rather than 
to the “ Gammexaiie “ itself. 
Htrikever, the gases obtained from 
the smoke generator No. 2 has 


deleterious effect on paper, and it 
is advisable to prevent it coming 
into direct contact with paper 
records and manuscripts intended 
for permanent preservation. 

Sunflower Oil 

The sunflower is being in- 
creasingly grown in Britain as a 
source of vegetable oil. It needs 
no manuring and usually out- 
grows any weeds, resists drought 
and yet stands up to heavy rain. 
The yield of seed ( oil content, 
33 per cent ; protein content, 
30 to 40 per cent ) is about 1 ton 
per acre. The oil is rich in Vita- 
min E. 

Plochere Colour System 

The Plochere Colour System 
is a collection of 1,248 painted 
cards, each 3"' by S'" in size, 
accompanied by an explanatory 
book, and intended mainly for 
the use of decorators. It is a 
pigment-mixture system, and the 
explanatory book on the subject 
gives directions for each of the 
1,248 colours by the mixture of 
one or more of nine chromatic 
pigments with black and white. 
The nine basic pigments and the 
special black are obtainable from 
the publishers of the system. 
The colours are classified into 
26 blocks of 48 each, each set 
being intended to represent 1 
hue, beginning with yellow and 
proceeding through orange, red, 
purple, blue and green to a 
greenish yellow. It is stated 
that these hues represent the 
24 hues of the Ostwald colour 
circle and 2 additional hues 
on either side of yellow, which 
were felt to give an improved 
gradation. 

Each block of 48 colours is 
divided into 6 series of 8. Each 
of these series is intended to be at 
a certain chrome level, the first 
being the strongest in colour and 
the sixth the least saturated. In 
each series the first colour has the 
lowest value, the remaining 7 
being produced by extending this 
first colour with increasing 
amount of white. (Can. I. Res., 
1949, 27, 1 ). 

Production of Titanium 

An improved method of making 
pure ductile titanium with possible 
commercial significance is being 
worked out by the Bureau of 
Mines at Boulder City, U.S.A. 
A maximum of about 100 lb. is 
produced daily in a pilot plant 
by reducing titanium chloride 
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with metallic magnesium. Until 
recently, pure titanium was consi- 
dered a laboratory curiosity. 

Reduction is carried out in an 
air-tight iron container from which 
all oxide has been purged by 
hydrogen at 500X. Magnesium 
ingots are introduced through 
an inlet tube, and the apparatus 
is heated to 150°C. under reduced 
pressure to remove absorbed gas. 
After the container has been 
blanketed with helium, the tem- 
peratute is raised to about 750°C. 
Liquid titanium chloride is added 
slowly, then more rapidly as the 
reaction proceeds. The heat 
evolved is sufficient to maintain 
the temperature for about two- 
thirds of the run. A maximum 
temperature of 900 '^C. is held for 
a full half hour after all titanium 
chloride has been added. 

When cool, the charge is 
removed, leached with cold hydro- 
chloric acid, dried, finely ground, 
leached with 10 per cent hydro- 
chloric acid and finally washed 
and dried at room temperature. 
The titanium is pressed and 
sintered for 16 hr. at l.OOOX. 
under vacuum ( Chem. Eng., 1948, 
55, 59). 

Fish Albumen 

A WHITISH POWDER, " EIWEISS ”, 

produced from stock fish and 
sharks has been used as a substi- 
tute for egg-white. The sensa- 
tional value of eiwei.ss as a 
substitute for egg-white is shown 
by the fact that 1 lb. of eiweiss 
is the equivalent in whipped 
form of the whites of 250 eggs. 
The nutritional value of 1 lb. of 
fish albumen is the equivalent of 
the white of 125 eggs. 

Fish albumen has a wide range 
of uses ; it has a high nutritional 
value and can be used for all 
purposes for which egg albumen 
is used. In some respects it is 
stated to be superior to egg 
albumen, e.g. stronger whipping 
power, retention of this power 
with constant whipping, and 
resistance to coagulation by heat. 
It finds many uses in baking, 
confectionery, mayonnaise, cus- 
tard power, ice cream, pharma- 
ceutical products, leather indus- 
try, synthetic resins, lacquers, 
foam extinguishers, etc. 

The yield of eiweiss is 14 per 
cent from fresh fish, 50 per cent 
from dried fish, and 75 per cent 
from shrimps. 

Fillets of fish are treated to 
remove all water-soluble impur- 
ities, Fats are then removed, 
and the product is then processed 
to render it water soluble and 


spray-dried to produce a fine 
powder, slightly cream coloured, 
which, when whipped up in water, 
produces a smooth-textured, 
meringue-like mixture, free from 
any fish odour ( Fisheries News- 
letter, 1948. 7, 23 ). 

Manufacture of 

Fatty Alcohols 

Fatty alcohols are now manu- 
factured in the U.S. A. by reducing 
the esters in the pre.sence of a 
reducing alcohol by metallic 
sodium. Research by E. I. dn 
Pont de Nemours 6- Co. has 
shown that by suitable modifi- 
cations, almost quantitative yields 
of fatty alcohols on the amount 
of .sodium used could be obtained 
and the consumption of the 
reducing alcohol ( alcohols other 
than ethanol ) can be lowered 
markedly by adding this latter 
alcohol as fast as it is consumed 
(C.T.J., 1949. 124 , 329). 

The method is briefly as 
follows : the fat used is hydro- 
genate dcoconut oil, containing 
about 99 per cent triglycerides, 
0 75 per cent unsaponifiables 
and 0 25 per cent free fatty acids. 
It is important that the free fatty 
acid content be kept as low as 
possible since it reacts with the 
sodium to form anhydrous soap 
and represents a loss of sodium. 
The coconut oil is passed through 
a two-stage vacuum dryer to 
reduce the moisture content to 
the lowest practical level { c. 0 03 
per cent). The sodium used is 
almost pure, contaminated only 
by traces of calcium. 

The reduction is a batch 
operation carried out in a mecha- 
nically agitated reactor fitted 
with a reflux condenser and 
blanketed with nitrogen. The 
molten sodium is dropped ( 2,000 
lb. per batch ) into the reactor 
which already contains 2,000 lb. 
toluol, the last mentioned acting 
as a solvent for the reaction mass 
and a dispersing medium for 
sodium. The reactor tempera- 
ture itf maintained at the boiling 
point of toluol. 

The coconut oil solution ( sol- 
vent : methyl amyl alcohol ) is 
then fed to the reactor at a rate 
so controlled that only a slight 
excess of unreacted ester is pre- 
sent in the vessel at any time. 
The reaction is exothermic and 
the heat is remov^ed by refluxing 
the toluol, the boiling toluol be- 
ing reintroduced into the reactor 
without chilling the mixture. 

The mixture in the reactor is 
then dropped into a mechanically 


agitated quench tank containing 
17,000 lb. of water where hydro- 
lysis occurs, the quench tank 
being fitted with a water-cooled 
reflux condenser. When the 
whole batch from the reactor 
vessel has been treated, the 
agitation in the quench tank is 
stopped and the content separa- 
ted into 3 layers. The top layer 
comprises the product alcohol 
and the regenerated reducing 
alcohol. The middle and small- 
est layer is a dark, soap-stabilized 
emulsion of the solvent and 
aqueous layer. The aqueous 
bottom layer contains t fie glycerol 
and caustic formed in ihe hydro- 
lysis. 

Newsprint from Wheat Straw 

The POSSIBILITY of manufac- 
turing newsprint from wheat 
straw has been proved by large- 
scale trials conducted by the 
Chemical Paper Mfg. Co., Holyoke, 
Mass. ( Ind. Pulp & Paper, 1949, 
3, 354). In the.se trials the 
.screening system was inadequate 
to remove .shieves, and equip- 
ment was not available for multi- 
stage bleaching. The paper had 
excellent formation and was much 
stronger than regular newsprint. 

The pulping process is simple. 
Bales of straw are dumped into 
a rotary cooker without any 
preparation. Cooking is eflected 
at low temperature and pressure. 
The cost of chemicals is estimated 
at $14 per ton without recovery, 
but the use of a recovery system 
would materially reduce this 
figure. A 50 per cent yield of 
pulp on the weight of straw has 
been obtained. 

Glycerine Refining 

A RECENT INVENTION BY THE 

Nopco Chemical Co. relates to the 
refining of crude glycerine pro- 
duced by saponification and alkyl 
esterification methods ( Chem. Age, 
1949, 60 , 478 ). 

Briefly, the process consists 
in separating the acidic glycerine 
from the esterification ma.ss, 
neutralizing with alkali, heating 
the neutralized glycerine with 
ammonium chloncle and remov- 
ing the insolubles. Neutralizing 
the alkali may be effected before 
separating the glycerine. The 
refined and substantially anhy- 
drous glycerine may be further 
purified by distillation, co-distil- 
lation with mineral oil, or by 
solvent extraction, or a combina- 
tion of these. 

900 parts of grou|idnut oil were 
reacted with methanol in the 
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ratio of 15 molecules of methanol 
to 1 molecule of glyceride, with 
1 per cent sodium ‘ hydroxide 
as catalyst. The mixture was 
refluxed for an hour, cooled, 
acidified with 20*2 parts of 
concentrated sulphuric acid and 
refluxed for another 4 hr. The 
reaction mixture separates into 
layers and the lower glycerine 
lay«r was drawn off ; 36 parts of 
barium oxide were added to the 
glycerine layer and the mixture 
heated for an hour on the steam 
bath. It was then cooled, 29*5 
parts of ammonium chloride 
added and further heated for 
an hour. Most of the methanol 
a.ssociated with the glycerine 
was then distilled off and the 
reaction mass filtered. The crude 
glycerine obtained was distilled 
under reduced pressure, yielding 
an odourless, water-white, anhy- 
drous glycerine of pH 1 in 83*7 
per cent yield. 

In the second method, the 
crude anhydrous glycerine was 
first neutralized with calcium 
carbonate, either before or after 
the removal of glycerine from the 
mass, and the insoluble material 
removed by filtration. The glyce- 
rine may be heated for a short 
time at about 60°C. for 30 min. 
on the steam bath to aid filtration. 
Barium chloride is added along 
with more alcohol to increase 
fluidity. This eases handling and 
prevents loss of glycerine. After 
these additions, the mass is again 
heated at 60° to 120°C. for 30 to 
60 min. at the reflux tempera- 
ture of alcohol. Insolubles are 
again removed by filtration and 
any residual alcohol distilled off. 

Improved Type of Plough, 

The Indian Agricultural Research 
Institute has evolved a new plough 
which, with a single pair of bul- 
locks, is capable of doing twice 
the work done by the existing 
standard plough. 

The new plough is simple in 
construction and consists of two 
standard desi ploughs, suitablv 
coupled by an iron frame- work 
and pulled by a single central 
beam. The ploughs are so spaced 
that identical furrows are cut, 
and they carry out in one ope- 
ration the work which would be 
performed in two operations by 
the standard plough. The^ploiigh 
is comparatively light, its weight 
being only about 50 per cent 
heavier than the standard plough. 
Trials show that the draught 
did not exceed 260 lb. as against 
the normal draught of 155 lb. 
of a standard^'^Splough. The 


additional draught of the new 
plough is not likely to be heavy 
for bullocks as experience has 
shown that so far as ploughing 
is concerned bullocks are 'usually 
underloaded. 

The quality of ploughing is 
also improved. Seasoned plough- 
men who have used the new 
plough are enthusiastic about it 
and state that it is easier and 
less tiresome to operate due to 
its stability. 

Besides its simplicity in cons- 
truction, the new plough is 
comparatively economical, its cost 
being about 50 per cent more than 
the standard plough. It can be 
easily repaired and fabricated. 

Manufacture of 

Khandsari Sugar 

The improved process of manu- 
facture of khandsari sugar evolved 
at the Sugar Research S' Testing 
Station, Bilari, is working success- 
fully on a commercial scale in 
some of the private firms that 
have adopted it. The improved 
process gives a higher recovery 
of sugar than that attained in 
the indigenous open- pan process. 
The improved process gives a 
recovery of 7'92 per cent of cane 
as against 6*22 per cent by the 
indigenous process and the quality 
of sugar obtained is comparable 
with that of the ordinary vacuum- 
pan factory product. 

The Pheona Sugar Works, 
Bijnore district, which has adopt- 
ed the improved process, reports 
that the quality of sugar manu- 
factured by this process is quite 
comparable with ordinary grade 
factory sugar and is selling at 
Rs. 28/8 per maund. The firm 
is willing to accord all facilities 
to intending khandsari sugar 
manufacturers to study the 
process at its factory premises. 

Indian Goundi of 

Agricultural Research, 
Annual Report, 1947-48 

Rick, wheat, barley, maize, 
citrus fruits and commercial 
varieties of Hpotatoes received 
special attention during the year 
1947-48, according to the Annual 
Report of ' the Council, recently 
issued. On the veterinary side, 
bovine tuberculosis, rinderpest, 
foot and mouth diseases of cattle, 
nutritional deficiencies and. Rani- 
khet disease of poultry were 
particularly investigated and use- 
ful results have been reported. 

. It bas been shown that green 
manuring of paddy fields led to 


higher yields than tho.se obtained 
by keeping land fallow for a 
certain period. Growing jowar 
prior to paddy is injurious to the 
paddy crop ; this practice should 
be abandoned. Research on new 
varieties of paddy showed that 
Chinese varieties gave a very 
heavy out-turn, viz. 60 to 70 md. 
per acre. 

13 hill varieties of wheat were 
selected for tests on resistance 
to yellow rust. Varieties “23" 
and “34 " were found re.sistant to 
yellow and black rust ; 2 newly 
discovered strains “D" and “26" 
are resistant to brown rust. 

Of the 19 research schemes on 
fruits, 8 were on citrus. Root- 
stock trials for Sathgudi orange 
and the common acid lime 
have been completed at Madras ; 
the optimum season for budding 
has been determined, Rootgraft* 
ing of mango was succe.ssfuHy 
developed for the first time. 

Over 200 potato hybrids 
approaching the common com- 
mercial varieties, both in tuber 
size and yield, were evolved at 
the Council’s Potato Research 
Station at Simla. Some of the 
hybrids (2, 9. 12 and 19) are 
frost-resistant. The sprouting 
method of growing potatoe has 
been of immense value both in 
experimtmtal and multiplication 
work. . 

The use of desiccated goat- 
tissue powder vaccine ( D.G.T.) 
for rinderpest was tried on a 
field scale in the United Provinces. 
It was found that even under 
adverse conditions, the vaccine 
remained viable from 10 to 17 
days, and it provided immunity 
to animals for a period of 7 
months. Animals were also 
immunized employing the “PiU” 
vaccine, which consists of spleen 
pulp, 1 gm. ( or 0*25 gm. of 
D.G.T. vaccine ) ; glucose, 0’75 
gm. and peptone, 01 gm. rolled 
up with glucose syrup or normal 
saline .solution. These pills are 
not hygroscopic and completely 
diffuse in 45 min. Tests have 
shown that the pills retain their 
potency for a month when kept 
in a frigidaire and on innoncula- 
tion produce reaction on the third 
or fourth day and confer a satis- 
factory immunity lasting for 17 
months. 

The comparative feeding values 
of straws of wheat, barley, jowar, 
bajra and paddy on milk produc- 
tion has been investigatea in the 
United Provinces. It was found 
that the feeding value of paddy 
straw is superior to other straws. 
This is followed, in order, by 
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wheat, barley, bajra and jowar 
straws. It was also found that 
alkali-treated straw augmented 
milk production in cows. 

On the nutritional side, experi- 
ments at the Indian Veterinary 
Research Institute, Muktesar, 
showed that the use of vanaspati 
adversely influences the absorp- 
tion of carotene, the absorption 
being 15 to 25 per cent less than 
that observed when ghee was 
used as the source of fat. Vanas- 
paii was also found to lower the 
absorption rate of calcium and 
pho.sphorus. 

Geodetic Work of the 

Survey of India, 1939-48 

During the larger part of 
the period, the geodetic activities 
of the Survey of India were 
concerned with the production of 
the war effort, according to a 
report prepared by the President. 
Survey Research Institute. Dehra 
Dun, and presented at the 8th 
(leneral Meeting of the (ieodetic 
.\ssociation held at Oslo in 1948. 

From a review of the conti- 
nuous chain of triangulation that 
exists from Syria to Malay, 
it has been possible to assess how 
much work remains to be done to 
continue the triangulation chain 
from India to Au.stralia and 
Philippines, and to complete 
the block — Iran, Persia, India, 
Burma, Siam, French Indo-China 
and Malay. 

Predictions of tides for an 
average of 39 ports between Suez 
and Singapore were carried out 
by the Survey of India. Propo- 
sals to increase the number of 
permanent observatories are being 
implemented, and a touring tidal 
detachment has started to take 
ob.servations for a month in 
rotation, at older and .secondary 
ports. 

The Mineral Adviser to the 
Government of India in consulta- 
tion with the Geological Survey 
of India had suggested some 
priority areas for gravity obser- 
vations. Employing a Frost 
Gravimeter, a survey was carried 
out in the Raniganj coalfields, 
Bengal, and in an area north of 
Nagpur in Central Provinces 
during the field seavson 1947-48. 

During the 2 field seasons, 
1939-40 and 1940-41, 706 miles of 
high precision levelling in one 
'direction was carried out and 
another 86 miles of high precision 
levelling and 252 miles of levelling 
in both directions have been 
added in 1946 and 1947, thus 
making a total addition of the 


equivalent of 648 miles of com- 
pleted levelling in both directions. 
The second net of levelling of 
high precision in India commenced 
in 1913-14, and this net when 
complete is expected to compri.se 
about 15,800 miles. An important 
achievement has been the connec- 
tion of the Indo-Burma levelling 
to that of the Siame.se levelling 
by No. 2 Indian Field Survey 
Company in December 1945. 

The total number of stations, 
latitude, longitude or azimuth 
at which the deviation of the 
vertical has been observed is 
now 1,162, at about 970 of which 
Hyford anomaly has been calcu- 
lated. A volume giving these 
results is under preparation. 

Geophysical pro.specting was 
carried out in the Central Pro- 
vinces with a view to test the ap- 
plicability of certain geophysical 
methods for the systematic loca- 
tion of hidden ore bodies. Gradio- 
meter and Walts vertical force 
variometers were employed to 
verify the geophysical indications 
in areas which had been already 
opened up. it was clearly 
established that both magnetic 
and gravimetric methods are 
suited for such surveys and the 
reef containing manganese ore 
bodies can be fairly accurat<‘ly 
delineated. 

Indian Standards 

The Indian Standards Institution 
has brought out the following 
8 Indian vStandards which are 
now available to the public : 

Rules for Rounding off Nume- 
rical Values — Indian Standard 
Rules for Rounding off Numerical 
Values, IS : 2-1949 ( price as. 8 ). 
enunciates the problem that arises 
in rounding off of numbers which 
have to be expresst'd correct to 
several decimal places. The 
recommended rules for rounding 
off different cla.sses of numbers, 
depending on the last integer to 
be rounded, and the explanation 
of the rules are covered by the 
Standard. The rules are so de- 
vised that subsequent operations 
performed on the rounded off 
numbers least affect the results. 

Inch-millimeter Conversion for 
Industrial Use — For the use in 
industry, the ISI has published 
the Indian Standard on Inch- 
millimeter Conversion for Indus- 
trial Use, IS : 3-1949 (price as. 8). 
This Standard contains, in addi- 
tion to the accepted ratio of 
conversion of inch to millimeters, 
conversion tables of inches to 
millimeters, millimeters to inches 


and binary fractions of an inch 
to millimeters. Explanatory notes 
are appended to facilitate the 
use of the tables. 

Make-up of Periodicals — The 
Indian Standard Practice for 
Make-up of Periodicals, IS : 4-1949 
( price as. 8 ) provides an agreed 
set of rules for the lay-out of 
periodicals. The purpo.ses of the 
rules is to enable editors and 
publishers so to shape the form 
of their periodicals as to facilitate 
their use by readers and libra- 
rians. The standard covers the 
requirements of individual i.ssues, 
annual compilatif)ns?i; d cumula- 
tive indices, and guiding rules to 
deal with abnormalities in the 
make-up of periodicals. The 
rules .set out in the Standard are 
in general conformity with the 
recommendations of the Inter- 
national Federation of Documen- 
tation. 

Colours for Ready-mixed Paints 
— The Indian Standard Colours 
for Ready-mixed Paints, IS : 5- 
1949 (price Rs. 4), corresponds 
to the 1948 edition of the B.S. 
38 1C ( 93 colours ) issued in March 

1948 by the British Standards Ins- 
titution as a revision of the 1930 
edition. The Indian 'Standards 
Institiilion considered that in view 
of the wide usage in the past in 
India of the British Standard on 
the subject, it would be desirable 
to accept this .standard for the 
present. Eventually an Indian 
Standard may be produced to 
cater to the particular needs of 
paint manufacturers and users 
in India. 

Fireclay Refractories — The fol- 
lowing 3 Standard Specifications 
for fireclay refractories have been 
drawn up for use in Indian 
industry : 

(i) Moderate Heat Duty Fire- 
clav Refractories, Group 
A'*, IS : 6-1949 ( Rs. 2 ) , 

(ii) Moderate Heat Duty Fire- 
clav Refractories, Group 
‘H', IS: 7-1 949 (Re. 1 ) ; and 

(iii) High Heat Duty Fireclay 
Refractories, IS : 8-1949 
( Rs. 2). 

These specifications cover the 
methods for chemical analy.sis, 
the determination of pyrometric 
cone equivalents under load for 
full-size bricks as well as for 
.sections of bricks, the determina- 
tion of porosity and resistance 
to .spalling. 

Test for Shrinkage of Cloth on 
Washing — The Indian Standard 
Method of Te.st for Determining 
Shrinkage in Woven Cotton and 
Linen Cloth in Washing, IS ; 9- 

1949 (price as. 8) describes the 
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test for estimating shrinkage in 
doth resulting from washing. 
The Standard gives the description 
of the washing machine, the test 
sample and the procedure for the 
estimation of shrinkage after 
laundering. 

Orders for these 8 Indian 
Standards may be placed with the 
Secretary ( Publications ), Indian 
Standards Institution, Block 11, 
Old Secretariat, Delhi 2. 

Indian Standards for 

Nonferrous Metals 

The Sectional Committee on 
Non-Ferrous Metals of the Engi- 
neering Division Council of the 
I SI has prepared the following 16 
draft Indian Standards to cover 
important non-ferrous metals used 
in Indian industry : Cast Alumi- 
nium Utensils ; Wrought Alumi- 
nium Utensils ; Zinc ( Spelter ) ; 
Pig Lead : Silver Solder ; Soft 
Solder ; Tin Ingot ; Anti-friction 
Bearing Alloys ; Copper ; Phos- 
phor Bronze Ingots and Castings ; 
Prizing Metals ; 98 per cent 
Aluminium Notched Bars and 
Ingots fot remelting purposes ; 
99 per cent Aluminium Notched 
Bars and Ingots for remelting 
for Aircraft purposes ; Aluminium 
Sheets and Coils for Aircraft 
purposes ; Aluminium-coated 
High Tensile Aluminium Alloy 
Sheets and Coils for Aircraft 
purposes ; and Aluminium-man- 
ganese Alloy Sheets and Coils. 

Comments on these drafts 
( available with the Secretary, 
Publications ) will be received 
by the Director, Indian Standards 
Institution, Block 11, Old Secre- 
tariat, Delhi 2, up to July 18, 
1949. 

Indian Forest Statistics 

A COMPREHENSIVE BROCHURE 
containing a large mass of statis- 
tical information regarding forest 
areas in India and their out-turn, 
imports and exports of various 
forest products, employment of 
labour in forestry and forestry 
industry, etc., during the period 
1936-37 to 1947-48 has just been 
published by the Directorate of 
Economics and Statistics of the 
Ministry of Agriculture. 

The data presented in the 
pamphlet mainly relate to Indian 
provinces, though some data in 
respect of a few States have been 
included, where available. The - 
classification adopted in the 


brochure is different from that 
prescribed by the F.A.O. in 
connection with the inventory 
of forest resources. 

Among the items on , which 
information is available in the 
brochure are : (1) forest area 

according to various classifica- 
tions, e.g. ownership, reserved, 
protected, merchantable, un- 
profitable, timber producing, etc. ; 

(2) areas showing progress in 
regeneration and aerostation ; 

(3) areas under fire protection ; 

(4) areas open and closed to 
grazing animals ; (5) out-turn of 
timber and fuel according to 
different categories, namely 
timber, round wood, fire wood 
and charcoal ; and (6) foreign 
trade in respect of wood and 
timber, wood products and minor 
forest produce. Sources of im- 
ports and destinations of exports 
have been given for the last 
three years. 

Narcotics Board for India 

The Government of India have 
decided to set up an All- India 
Narcotics Board to improve and 
co-ordinate the various aspects 
of narcotics administration 
throughout the country and to 
to implement India’s obligations 
under international agreements. 

The Board will consist of 6 
members, comprising 2 represen- 
tatives of the Central Government, 
2 of the provincial governments 
and 2 of the states. The Board 
will employ a Narcotics Adviser, 
and the expenditure incurred by 
the Board will be met by income 
derived initially by the levy of a 
surcharge on the opium supplied 
to provinces and states. 

The functions of the Board will 
be mainly to see that the various 
governmental understandings, 
agreements and obligations re- 
garding narcotics administration 
are being observed and, in case of 
non-observance, suggest remedies 
to the authorities concerned. 

To assist the U.N.O. in formu- 
lating a new Narcotics Limitation 
Convention, the Board will recom- 
mend to* the International Control 
Board, through the Government 
of India, India’s annual pro- 
duction and consumption quota. 
The Board will allocate among 
the various producing and con- 
suming units within the country 
their production and consumption 
quotas as fixed by the Inter- 
national Control Board. 


Journal of the 

Zoological Society of India 

The first number of this 
Journal ( half-yearly ) contains 
4 sections. The first .section is 
devoted to original research paper 
and review articles, and the subse- 
quent 3 to notes, reviews, recent 
advances and announcements. 
Among the articles included in 
this number are ; (1) The fish 
fauna of the Rihand river and its 
zoogeographical significance ; (2) 
On zoological standards and 
progress ; (3) Life history and 
bionomics of the Potato Tuber 
Moth ; (4) Notes on the free living 
and plant-parasitic Nematodes 
of Ceylon. 

The Journal is well printed 
and neatly got-up. 

Announcements 

National Institute of Sciences of 
India — At a meeting of the 
Institute held at Bangalore on 
6th May 1949, the following 
awards were announced : 

National Institute of Sciences 
Senior Research Fellowship — (1) 
Mr. U. K. Bunnan ; (2) Dr. A. B. 
Kar ; (3) Dr, S. M. Mukherje ; 
(4) Dr. K. V. Srinath, 

National Institute of Sciences 
Junior Research Fellowship — (1) 
Miss Ira Bose ; (2) Mr. S. Datta 
Majumdar ; (3) Dr. S. G. Joshi ; 
(4) Mr. T. M. Mahadevan ; (5) Mr. 
J). K. Mukherji ; (6) Mr. K. 
Subramanyam ; and (7) Mr. B. V. 
Sukhatme, 

Imperial Chemical Industries 
( India ) Research Fellowship - 
(1) Mr. A. K. Chakravarti ; (2) 
Dr. A. P. Mahadevan ; (3) Mr. C. 
Ramasastry ; and (4) Dr. K. K. 
Reddi. 

UNESCO — Belgium Fellowship 
for India — The Belgium Govern- 
ment has placed at the disposal 
of the UNESCO four fellowships 
to be offered, one each to China, 
India, Italy and Norway. 

The fellowships are offered for 
advanced study in the following 
fields: Education ( study of Dec- 
roly methods ) ; Museum ( prob- 
lems and techniques of restora- 
tion of works of art), smd Fine 
Arts ( study of Flemish Art and 
the history of art in general ). 

These fellowships are intended 
for candidates already established 
in their professions for a period 
of six months, and carry a monthly 
stipend of 4,000 Belgian francs. 



Reports 
States & 

HYDERABAD 

New Sugar Factory 

Completion of a new plant at 
the Bodhan Factory will make 
the combined unit the biggest 
factory in India. The present 
output of the factory is 120 tons 
of unrefined sugar and 3,500 
gallons of power alcohol per day. 
When the new plant goes into 
operation, the daily output is 
expected to reach 300 tons of 
sugar and 9,000 gallons of alcohol. 

The factory, which is 51 per 
cent State owned, is considered 
one of the most modern in India. 

Extensive cane-breading ex- 
periments arc in progress at the 
research stations attached to the 
factory. 

MYSORE 
New Fertilizer Factory 

The Government have conclu- 
ded an agreement with the 
Chemical Construction Co., New 
York, for the erection of a 
50,000 ton fertilizer factory at 
Bhadravti at a cost of Ks. 2' 5 
(Tores. The factory is rated to 
produce 25,000 tons of ammonium 
sulphate and 25,000 tons of 
super phosphate per annum. The 
plant is expected to go into 
production in about 2 years. 

TRAVANGORE 
Jute Cultivation 

The trials conducted in Tra- 
vancore with a view to put under 
jute cultivation 50,000 acres of 
low lying land have shown promis- 
ing results. Within 2 months of 
plantation, the jute plants have 
grown to a height of 5' without 
any inter-cultivation or special 
manuring as is generally done in 
Bengal. In areas of low soil 
moisture content, seeds did not 
germinate, emphasizing the need 
for showers prior to the sowing 
of crop. 


from 

Provinces 

WEST BENGAL 
Forest Development 

The forest development 
schemes in West Bengal envisage 
the conservation and improve- 
ment of existing private forests 
and the extension of forest areas 
by afforesting waste lands. At 
present, only about 15 per cent 
of the 28.000 sq. miles of 
the province is covered by- 
forests. 

The West Bengal Private Forests 
Act, 1948, provides for the conser- 
vation of private forests and 
afforestation of waste land. As 
long as private owners manage 
their forests according to the 
working plans approved by the 
regional Forest Officer, there is 
no interference by Government, 
but failure to do so enables 
Government to take over the 
management of forests as vested 
forests. At the controlled stage, 
Government demands no profit 
and technical service is provided 
free for the first 10 years. In 
the vested stage, ('xovernment’s 
share of profit is 50 per cent. 
Afforestation by State is under- 
taken by agreement wdth private 
owners or by acquisition. 

So far, 700 sq. miles of privately 
owned forests have been brought 
under the control of the State, 
and provision ha.s been made to 
extend the Act over the entire 
province during the current 
year. 

The Provincial Forest Advisory^ 
Board aims to utilize all available 
areas not suitable for production 
of food crops for afforestation, 
and the provincial Government 
has earmarked nearly the entire 
forest revenue for the conserva- 
tion, development and expansion 
of provincial forests. State nur- 
series are being opened all over 
the province to offer facilities 
for tree-planting by villagers and 
afforestation of roadsides and 
waste lands. 


An expansion of the existing 
coa.stal belt of tidal forests along 
the entire sea-coast of the pro- 
vince has been taken up and 
afforestation on an extensive 
scale has been planned for the 
current year. For this purpose, 
19 ranges and 70 beats have been 
opened. 

BOMBAY 

Forestry College for Dharwar 

A forestry college has been 
opened in Dharwar - - the first 
of its kind in the pr^ vince and 
the third in India. 1 e need for 
such a college arose because the 
existing facilities in the coun- 
try for training of personnel in 
forestry are quite inadequate. 

MADRAS 

Lignite Deposits 

Deposits of lignite have been 
found extending over an area of 
100 sq. miles between Vriddha- 
chalam and Cuddalore areas, 
south of Madras city, during a 
survey carried out by Mr. H. K. 
Ghose, Lignite Officer, South 
Arcot. Preliminary surveys 
have disclosed that at several 
places in this area the lignite 
bed is about 80' thick. The 
seams dip seawards and thicken 
out in that direction. The lignite 
now found is of very good quality, 
the colour ranging from snuff 
to jet black. It can be used as 
fuel for industries, locomotive 
boilers, dome.stic purposes and 
for power generation. 


ERRATA 

This Journal : 

1949, Vol. 8, No. 5 : Page 
164, line 30, article entitled 
“ Stabilization of Plant Names ", 
for " Emolista " read " Emelista 

1949, Vol. 8, No. 6 : Page 232. 
article entitled " A Study of the 
Colouring Matter of Tambul 
Seeds ", the botanical name 
“ Zanthoxylum acanthopodium " 
for " Tamhul " was inadvertently 
omitted from the text. 



INDIAN PATENTS 


The following is a list of Patent Applications notified as accepted 
in the Gazette of India, Part II, Section 1, for May 1949. 


Ptottics ft PlMtlclsers 

38153. Lewis Berger & Sons Ltd. : Manufacture 
of interpolymers of aromatic vinyl hydrocar- 
bons and oils ; Heating with sulphur present in 
an amount 0*5 per cent to 5 per cent by weight of 
the drying oil which is present in an amount 10 
per cent to 70 per cent by weight of reaction 
mixture, 

Orgaiilc Ghcmlailt 

38677. I.C.l. Ltd. : New azo dyestuffs : Coupling 
diazotized 4~nitro-2-aminophenol-de-6-sulphonic 
acid with X-amino^S-naphthnl-'} : 6 di { sulphon- 
alkylamip ) . 

MlacelUui«ous Gh«inical« 

40066. Foundry Services Ltd. : Heat producing 
mixtures: Aluminium and an oxidizing agent 
characterised by the addition of metal fluoride. 

Isstrumeats ( Professional, Scientific ft Controlling ) 

39389. N. V. Philips’ Gloeilampenfabrieken : 
Method of manufacturing magnetic anisotropic 
permanent magnets : Alloy containing 30 to 42 
per cent Co, 7 to 20 per cent Ni, 5 /o 11 per 
cent Al, 2 to 10 per cent Ti, 0 to 10 per cent 
Cu, 0 to 2 per cent additional elements and the 
rest Fe and impurities, magnetized whilst cooling 
from a temperature exceeding the Curie point of 
the alloy down to a temperature lOO^C, below it 
and annealed and finally magnetized, both 
magnetization being in the preferential direction. 

Medical Reaearch ft Practice, Including Clinical Apptt- 
oatlon of Drags ft Pharmaceuticals 

38573. Distillation Products Inc. : Preparation 
of materia] having vitamin E activity : Reacting 
beta or delta tocopherol to introduce methyl groups 
in the nucleus. 

Metala ft Metal Producto 

36182- Malhotra, Prakash & Aoarwal : Copper- 
silicon bronzes: Preparing hardner alloy 
containing copper', silicon, manganese and 
iron, and adding the alloy to molten copper. 

41077. Mono Nickel Co. Ltd. : Cast iron : Con- 
taining 2*0 to 4*5 per cent carbon, 0*1 to 3 per 
cent silicon, 0*1 to 2*0 per cent mangaritse, 0*15 
to 0*5 per cent magnesium, 0 to 6*0 per cent 
nickel, 0 to 2-S per cent chromium and 0 to 2*0 per 
cent molybdenum, the rest iron. 

Rubber ft Rubber Producta 

38489. Dayton Rubber : Method of making sponge 
riibt>er : Mixing salt crystals with rubber dike 


materials, vulcanizing the mixtures and removing 
the salts from the materials. 

38264. WiNGFOOT CoRPN. : Rubber hydrochloride 
film for wrapping packages : Preparing film from 
rubber hydrochloride composition containing a 
hydrophilic surface active agent or treating rubber 
hydrochloride film with this agent. 

40721. WiNGFOOT CoRP. : Blended rubber latex 
frothed sponge : Containing 70 per cent of 
rubber latex and 30 per cent of resin latex. 

Textile ft Textile Products 

38426. Dungler : Autoclave for the continuous 
treatment of cloth at open width : A close 
chamber, means for fluid-tight inlet and outlet 
of the cloth at open width, means for pre-impreg- 
nating the cloth with treating liquid, 

40755. Nabar & Daruwala : A new method for 
the simultaneous dyeing of mineral khaki and 
vat dyes on textile materials : The mineral 
salts, vat dyes and caustic soda being mixed 
together to form the dye liquor and the cloth 
subsequently subjected to the action of steam and 
hydro. sulphite. 

Food & Kindred Products 

37377. Griffiths Hughes Ltd. : Treatment of 
coffee beans : Surrounding the coffee beans with 
waxes, heating the beans and finally removing the 
waxes from the body of the beans. 

Packing ft Paekaglng 

40551. N. V. De Bataafsche Petroleum Maats- 
cHAPPij : Process for the treatment of materials, 
particularly packing material, so as to cause said 
material to emit corrosion-inhibiting vapours : 
Applying inorganic nitrite and salt of organic 
base on packing material and crystallizing nitrite 
of organic base on said material. 

38637. Prasad & Prasad : Packing and preservation 
of fruits, vegetables and the like : Packing 
material comprising chemical preservative, saw 
dust andjor wood shavings andjor magnesium 
carbonate. 

Mlaoellaneous 

39486. Societe Internationale Soie-Cosme- 
TiQUE ; Method for pulverizing fibres of animal 
and vegetable tissues : Subjected to oxidation 
and then ground, 

39661 . Chaudary ; An improved filter-press : Upper 
compartment of cylinder has perforated cylinder 
w^th conical opening and fower compartment has 
a cone for feifioval of cake formed in per] orated 
cylinder. 



Need for Research on Malaria 
Chemotherapy in India* 


S OME idea of the magnitude of the 
malaria problem in India may be 
obtained from the statement of Hehir 
who estimated in 1927 that there were 
about 100,00,000 cases of malaria occurring 
annually in India. During war-time, the 
incidence of the disease must have assumed 
more serious proportions because of the un- 
checked growth of the malaria-carrying 
mosquitoes from untreated swampy areas, 
their rapid transmission from place to place 
and the acute shortage of proper drugs to 
treat '' carrier " cases. The total number of 
malaria cases in India must have, therefore, 
increased very significantly during the period 
from 1927 to to-date. The annual economic 
loss from malaria alone is consequently collo- 
sal, and it is believed in very authoritative 
quarters that if proper curative treatment 
could be elaborated for this single disease, 
India can be converted in a single generation 
to one of the most prosperous and healthy 
countries of the world. 

Fundamental Objective of 

Malaria Chemotherapy 

The objective of our research in this field 
is the control of malaria by chemotherapy 
or chemo-prophy taxis. There is a growing 
volume of opinion that the only effective way 
through which malaria can be radically 
eradicated is through the discovery of a drug 
or drugs capable of sterilizing the patients 
from the malarial infection. Preventive 
methods, through anti-mosquito campaigns 
and other methods of larvae control which 
have been practised widely during the last 
half a century, though useful, have been 
proved in n^any parts of the world to be 
ineffective per se, , That we have fallen far 
short of our goal of total eradication of 


malaria in spite of all types of anti-malarial 
measures is only too evident to need further 
emphasis. According to Coggeshall of the 
Rockefeller Institute for Medical Research, 
New York, malaria as a world disease is 
probably on the increase at the present time. 

This objective may be attained in 4 ways : 

(i) Determination of the optimum method 
cf using known anti-malarial drugs ( e.g. 
quinine, mepacrine, etc. ) in “ suppressive '' 
treatment ; 

(ii) discovery of drugs which can act as 
true causal prophylactics ( e.g. sulphadia- 
zine in gallinaceum malaria in the chick ) in 
human malarias and which can be given to 
man with safety over extended periods of 
time ; 

(iii) discovery of drugs which will con- 
sistently eradicate the parasites in human 
infections and thus prevent relapses which 
commonly occur after “ clinical cure with 
quinine or mepacrine ; and 

(iv) discovery of drugs which have anti- 
malarial properties qualitatively similar to 
quinine or mepacrine, but which possess a 
larger margin between the effective and toxic 
doses. 

The first item is more or less thoroughly 
worked out as a result of studies made both 
in Great Britain and America during the war 
( 1941-45 ). A good review of work already 
completed in this field is available from a 
paper by J. A. Shannon and others.* The 
other three ways of attaining the objective 
have also been intensively pursued, parti- 
cularly comprehensively in America. An 
extensive programme of research, supported 
mainly by the Committee on Medical Re- 
search ( CMR ) of the Office of Scientific 

Phar., 1944 . 81 , 3730 . 


* From a scheme submitted before the Drugs & Pharmaceuticals Committee of the Board of 
Scientific & Industrial Resemch (Chairman — Dr. Jivaraj N. Mehta). ' 
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Research and Developments (OSRD), was 
launched as early as 1941 with a view to 
stamp out the dread of malaria from the 
fighting forces in the tropical theatres of the 
last global war. A detailed account of this 
American scheme on anti-malarial research 
which involved the co-operation with civilian 
scientists, scientists from the U.S. Army, 
Navy and Public Health Services, workers 
in industrial firms and also international 
co-operation with such countries as China, 
Great Britain, Canada, Australia, Argentina, 
French Guinea, Columbia, Cuba, etc., has 
now been published in the form of a mono- 
graph entitled Survey of Anti-malarial 
Drugs ( 2 volumes ), edited by F. Wiselogle. 
This report indicates that in the search for 
newer anti-malarials other than the cincho- 
nas, no significant progress can be made 
unless a close co-ordination can be established 
between the synthesis of new compounds, 
pharmacological and experimental thera- 
peutic investigation of these compounds in 
animals, and clinical trial in human malaria 
of selected compounds under carefully con- 
trolled conditions. 

Present Status of the Problem 

The subject is so vast that any attempt 
made to summarize the picture in a short 
compass would result in more confusion 
than clarification of the problem. In brief, 
it may be stated that in spite of the very 
valuable researches in the field of malarial 
chemotherapy so far reported, an ideal anti- 
malarial drug has not yet been found and, 
therefore, there is room for further search. 
Further, most of the findings on which our 
present concepts on the use of such drugs as 
chloroquine and paludrine are based are 
dependent on experimental data on strains 
of malaria parasites of American, Australian 
and south Pacific origin, which may not 
necessarily be applicable to Indian strains of 
malaria ; at least this has to be confirmed 
experimentally in India. 

How Success Gan Be Achieved ? 

Complete success in the elaboration of a 
truly effective anti-malarial would involve : 

(i) An improvement in suppressive 
therapy (this has been achieved to a cer- 
tain extent by the discovery of chloroquine 
and paludrine ) ; 

(ii) an improvement in the treatment of 
clinical attack ( also partially achieved ) ; 

(hi) the development of agents which would 
cure falciparum malaria {now. achieved) 


and vivax malaria at a well-tolerated 
dosage ; and 

(iv) finally, the development of agents 
which, would prevent the inception of these 
diseases ( true causal prophylactic ). 

Target in Anti-malarial Chemotherapy 

The target to be arrived at can be briefly 
stated as follows : 

(a) The discovery of a true causal prophy- 
lactic for human malaria — a drug which 
would eradicate^ some stage of the parasite 
before trophozoites were produced — would 
constitute a great advance. 

(b) The discovery of a drug which would 
resemble mepacrine in its anti-malarial pro- 
perties but which, in addition, would cure 
vivax malaria. This would probably be of 
more value than (a) ( e.g. sulphadiazine in 
chick malaria which is a prophylactic but 
not a curative drug). 

(c) Another ideal approach would be 
through the use of drugs hampering the 
activity of the enzyme system or metabolites 
essential to the malarial parasites but not 
necessarily so to the host ( e.g. activity of 
sulpha drugs through p-aminobenzoic acid 
system ). 

The ** leads " that suggest themselves to 
research workers from a critical perusal of 
anti-malarial »drug research so far conduct- 
ed are given in the Appendix at the end.* 

Co-ordination of Malaria Study in India 

In view of the supreme importance to India 
of research in malarial chemotherapy and 
in view of what has been done in countries 
where the malaria problem is of far less 
magnitude than in our country, it is very 
desirable that immediate steps be taken for 
the initiation and active continuance of 
chemotherapeutic researches with special 
reference to malaria. As indicated in the 
Appendix, a number of useful leads 
are already available and this can be pursued 
provided an organization more or less on the 
lines adopted by the Board for the Co- 
ordination of Malaria Studies '' of the United 
States of America is set up in India. The 
set-up of the unit established in America 
during the war period under the auspices of 
the Office of Scientific Research and Develop- 
ment is shown in the chart. 

The Bbard consisted of a President who 
was helped in his work by a Technical Exe- 
cutive Secretary and a Technical Aide, the 
latter maintaining constant liaison with the 

* Marshall, Federation Proceedings ^ 1946, 5, 298. 
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Malaria Chemotherapy Board 


Panel on Panel on 

Biochemistry Pharmacology 

chairmen of the 4 panels. Each panel had, 
in addition to a chairman, at least 3 mem- 
bers acknowledged to be experts in their 
respective fields. The chairman of each 
panel was responsible for initiating work but 
the members had an independent status and 
had full freedom to suggest problems and 
undertake work after the programme had 
been discussed with the chairman. Each 
panel was provided with a technical secre- 
tary, who undertook the review of progress 
of work in his field all over the world. 
Financial support was made available to 
this body from the Office of Scientific Re- 
search and Development and many private 
agencies also collaborated with men and 
money to make the effort successful. 

If it is not possible to set up as elaborate 
an organization as planned in America, there 
is good reason to feel that the time is at 
least opportune for the setting up of a broad- 
based committee of experts who could probe 
into the problem of chemotherapy of malaria 
with the full knowledge of the complexity 
of the Indian problem and suggest solutions 
likely to be of value to the therapy of Indian 
strains of malaria. The Malaria Institute 
of India is already tackling the Indian malaria 
problem with commendable zeal and energy. 
It is for the chemotherapeutists of India to 
come forward and help the Institute with 
newer synthetics for their studies, or take 
their advice for further development in this 
direction. 

For any success of this scheme one thing 
must be emphasized and that is that this 
kind of research involves the contribution 
of many sciences, and, therefore, ‘'team 
work'' is essential for rapid progress.* The 

* The principle of collaborative work between all 
concerned bodies on malaria research in India was 
approved by the Drugs & Pharmaceuticals Com- 
mittee and later by the Board of Scientific 
Industrial Research at their meeting held on 18th 
January 1949. The Board recommended that a 
standing committee for malaria chemotherapy be 
constituted to co-ordinate and direct research and 
other investigations in the subject carried out 
jn India. This committee consists of 8 members 
excluding the chairman, the personnel being 
drawn as follows : 

1. Chairman of the Pharmaceuticals & Drugs 
Committee of the Board of Scientific (S- Industrial 
Research or his nominee. 


Panel on Panel on 

Synthesis Clinical Testing 

chairman of any such committee must be a 
scientist of wide and comprehensive outlook 
with a drive which will make working in such 
a team both pleasant and profitable. The 
potentiality of individual thought and work 
upon the numerous fundamental problems 
of malaria must be appreciated and at the 
same time centralization and team work 
emphasized. Research in this field holds 
great promise for the future and there is no 
reason why an Indian should not be com- 
petent to contribute to this programme 
which has already engaged international 
attention. Even if no tangible results are 
arrived at from Indian work, the training 
which the workers will get from such a colla- 
borative research undertaking will pave the 
way for some unknown achievement in the 
synthetic and chemotherapeutic field. 

APPENDIX^ 

Leads ” from Anti-malarial 

Drug Research so far Conducted 

(a) Amino-quinolines — If one takes 
the formula (Fig. 1 ) for mepacrine and 
removes either of the outer rings, one obtains 
two 4-amino-quinolines, one with a methoxy 
group in the 6-position and one with a chlo- 
rine group in the 7-position. The first of 
these compounds belongs to a series which, 
in its anti-malarial properties, resemble qui- 
nine and mepacrine rather than the 8-amino- 
quinoline, pamaquine. 

After examining nearly 200 compounds 
in this series, the American workers 
have screened 10 of these 4-amino-quino- 
lines, which appear to be superior to 
mepacrine. Chloroquine ( SN 7,618) has 
received the most extensive study in both 

2. Six members ( from various learned bodies, 
research institutions, defence science or medical 
organization, Malaria Institute, etc.) to be nomi- 
nated by the chairman. 

3. Two members to be nominated by the Scientific 
Advisory Board of the Indian Research Fund 
Association. 

The Secretary of the Drugs & Pharmaceutical 
Committee was nominated as the Secretary of the 
Malaria Chemotherapy Committee. 

♦ This statement takes note of only the highlights 
of chemotherapeutic research on anti-malarials and 
is not a comprehensive review of tlie vast field 
already covered in this field. 
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civilian and military establishments. It is 
superior to mepacrine in a number of ways. 
Effective suppression can be obtained by 
administering it no more frequently than 
once a week in a well-tolerated dose. It will 
cause an abrupt termination of the clinical 
attack of vivax malaria and will cure falci- 
parum malaria when administered for only 
one or two days. In addition, it does not 
stay in the skin or produce gastro-intestinal 
disturbances. In this field further work 
is urgently called for. It would, for example, 
be necessary to know the nature of the meta- 
bolic degradation products of 4-amino- 
quinoline derivatives (chloroquine) in human 
beings. Some knowledge about the meta- 
bolic degradation products of quinacrine has 
now been obtained from biochemical studies 
of excretory products from human urine. If 
similar data on chloroquine, etc., are obtain- 
ed, suitable substituted alkylamino and/or 
more stable nuclear-substituted compounds 
could be synthesized in that series. 

(b) ^-Amino-quinolines — It is now prac- 
tically certain that quinine and pamaquine, 
under certain conditions, will cure both 
American and South-west Pacific strains of 
vivax malaria. However, there is probably 
not a sufficient margin between minimal 
curative and maximum tolerated doses to 
warrant its use at this time. About 20 of 
the 8-amino-quinolines have been tried for 
their curative effects in vivax malaria. One 
compound, SN 13,276 (pmtaquine), appears 
to be curative in a smaller dosage than 
pamaquine and to be about one half as toxic 
for man. Possibly this drug or similar drugs 
in this series will have a wide enough margin 
of safety to be used in the cure of vivax 
malaria. As the main objective would be to 
search for a true prophylactic, an intensive 
investigation in this series appears more 
promising as these are the derivatives which 
have shown gametocidal activity also. 

(c) Quinoline-methanols — These compounds 
may be considered as being rather closely 
related to quinine. Ainley and King in 
1938 reported the first compound of this 
series to be found active in avian-malaria. 
Later, King and Work prepared a series ( see 
formula ) and found them also to possess anti- 
malarial activities. About 200 compounds 
of the quinoline-methanol type have been 

^ prepared and in both the A-K andK-W series, 
we have now compounds about 40 times as 
active as quinine. About 5 compounds of this 


series have been tried in man for anti-malarial 
activity and comparatively high toxicity. 
However, due to poor absorption and toxi- 
city, none of these compounds have appeared 
promising. Recent findings have shown 
that quinoline ring is not necessary for anti- 
malarial activity and it would, therefore, be 
of interest to introduce newer chain or 
nucleus to these methanol derivatives. 

(d) Pantothenic Acid & Analogues — Tra- 
ger* reported that the survival in vitro of 
P. lophurae was favoured by the presence of 
calcium pantothenate. This observation 
resulted in the synthesis of aboi : 25 ana- 
logues of pantothenic acid for anti-malarial 
testing. A compound synthesized by Wool- 
leyf and found by him to be an antagonist 
for pintothenic acid in the case of bacteria, 
was found, when given orally, to be as active 
as quinine in gallinaceum malaria in the chick, 
active in lophurae malaria in the chick, but 
inactive in lophurae malaria in the duck. 
This substance, pantothenophenone, SN 
12,610, was found definitely active in vi- 
vax malaria in the human beirg. This is the 
first instance in which an effective anti-mala- 
rial agent has been found as a result of a 
logical, rather than a “ hit or miss " approach. 
However, much success has not been achieved 
in the parallel field of sulpha drugs therapy 
by working on this plan. The bottle-neck lies 
in our rather imperfect knowledge of the 
nutritional requirements of malaria parasites 
and their metabolic peculiarities. 

(e) Guanides, Amino Phenols, etc. — The 
discovery of chlorguanides ( paludrine ) has 
switched the attention of chemothera- 
peutists to another new angle altogether. 
Though chlorguanide is “ prophylactic ” in 
'falciparum malaria and partially so in vivax 
malaria, it is usually considered useful only 
as a suppressive ’ ' drug. It may be possible, 
through further studies, to develop simple 
basic compounds such as other guanides, 
amino acid derivatives, amino phenols, etc., 
that might react with the trace elements or 
complex pyridine bodies like pyridoxine 
resulting in the elaboration of newer synthe- 
tic derivatives of value, both in prophylaxis 
as well as in suppression and cure of malaria. 
This field still remains largely unexplored. 

B. Mukherji 

♦ /. Exper. Med., 1943, 77, 411. 

i 'Sci., 1944. 100, 579. 



Board of Scientific & Industrial Research 
Twenty-third Meeting, New Delhi 


T he twenty-third meeting of the Board 
of Scientific & Industrial Research 
was held in New Delhi on July 11, 
1949. The Hon'ble Pandit Jawaharlal 
Nehru presided. 

On the recommendation of the Board, the 
Governing Body of the Council of Scientific 
& Industrial Research sanctioned 13 new 
schemes : 

1. S)mthesis of citrinin and preparation of 
derivatives of citrinin — Dr. K. Venkata- 
RAMAN {Bombay ), 

2. Elucidation of the constitution of essen- 
tial oils and their synthesis — Dr. P. C. Guha 
{Bangalore), 

3. Physico-chemical properties of hides — 
tanned and untanned — Dr. B. N. Ghosh 
{ Calcutta ), 

4. Scheme of research on leather — Mr. 
B. M. Das ( Calcutta ). 

S. Studies on colloidal instability of cloud 
particles above and below the freezing tem- 
perature— Dr. S. K. Banerjee and Dr. 
L. S. Mathur ( New Delhi ). 

6. Polarization of down-coming radio 
waves — Dr. S. R. Khastagir (Banaras). 

7. Cellulose decomposition by soil fungi 
with special reference to its application in 
fermentation technology — Dr. T. S. Sada- 
siVAN (Madras). 

8. Enzyme bates — Mr. S.N. Sen (Calcutta), 

9. Research on soft X-rays — Prof. S. N, 
Bose (Calcutta). 

10. Development of magnetic dust cores — 
Mr. B. D. Toshniwal (Bombay). 

11. Development of an electronic type of 
frequency analyser — Dr. N. B. Bhatt 
(Bangalore). 

12. Study of intensity variation of short- 
wave radio signals and their bearing on the 
ionosphere — Dr. S. S. Banerjee ). 

13. Studies of correlation between abnor- 
mal variation of region of ionization of the 
ionosphere and similar variation of the night 
sky emission — Dr. S. N. Ghosh ( Calcutta ). 

The setting up of a pharmacological unit, 
temporarily at Calcutta, under the direction of 
Dr. B. Mukherji was approved. This unit will 
be transferred to the Central Drug Research 
Unit, Lucknow, as soon as its- laboratories 
are fully equipped and start functioniiig. 


The Central Drug Research Institute will 
have a full division for undertaking botanical 
research on indigenous drugs. This division, 
in addition to carrying out laboratory 
investigations, will undertake experimental 
cultivation, surveys, grading and sorting of 
indigenous drugs and also serve as a centre 
of intelligence and technical assistance to the 
indigenous drug industry. 

The Governing Body of the Council con- 
sidered the report of the Reviewing Com- 
mittee which was appointed during 1947 to 
review the utilitarian aspects of the Council’s 
activities. This Committee ( Chairman : Mr. 
Ardeshir Dalai) undertook a survey of the 
activities of the Council and the findings are 
that the Council of Scientific & Industrial 
Research has done much valuable work during 
the short period of its existence. Some of 
the recommendations of the Committee with 
regard to increasing Council’s usefulness to 
industry are greater liaison with industry, 
improvement in the publicity organization of 
the Council, setting up of pilot plants in the 
National Research Laboratories, and the 
establishment of a Board of Engineering 
Research under the auspices of the Council. 

In order to facilitate a better and more 
complete utilization of the results of research 
in the country, the Council of Scientific & In- 
dustrial Research has recommended that the 
Government of India should set up a National 
Research Development Corporation on the 
lines of similar organizations in America, 
Britain and Canada. The primary object of 
the corporation will be to conduct semi- 
commercial trials of new processes developed 
in India and thereby encourage industry to 
adopt them in large-scale practice. 

It has been recommended that the corpora- 
tion should be floated with a capital of 
Rs. 50 lakhs and a recurring expenditure of 
Rs. 5 lakhs to start with, and the co-operation 
of all State-owned and State-controlled 
industries and of private concerns would be 
sought in the efficient working of the corpora- 
tion. A committee with Mr. Ardeshir Dalai 
as the cbainilan. Dr. J. C. Ghosh, Mr. 
Kasturbhai Lalbhai, Mr. Sri Ram and Dr. 
S. S. Bhatnagar as members has been set up 
to work out the details. 
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The Governing Body approved the instal- 
lation of pilot plants in all the National 
Research Laboratories. A programme has 
been outlined to render increased technical 
assistance to industry. An Industrial Rela- 
tions Officer is being appointed to maintain 
liaison with all the major trade associations 
and chambers of commerce. Technical per- 
sonnel of the Council will visit industrial 
establishments to render such technical aid 
and advice as may be necessary for the 
exploitation of new processes. 

A Board of Engineering Research is to be 
established under the auspices of the Council 
of Scientific & Industrial Research. The 
primary function of this body will be to 
co-ordinate research work carried out in 
various engineering establishments under 
the Government of India. 

With regard to the possibility of producing 
synthetic petrol from coal, the Council has 
proposed that pilot-plant investigations 
should be conducted in India itself so that 
all types of low-grade coals obtaining in 
India can be examined. Two other proposals 
put forward relate to the utilization of 
pulverized coal for firing stationary and 
locomotive boilers and the development of a 
turbine for locomotives employing pulverized 
coal. As an experimental measure, the 
Council has suggested importing a boiler in 
which pulverized coal can be employed. The 
unit is to be set up at one of the thermal 
stations in the Damodar Valley area. 


A Fuel Economy and Combustion Section 
is being organized in the Fuel Research Ins- 
titute, Dhanbad, to advise consumers of coal 
on coal conservation and economizing 
methods. 

At the instance of the Council, the Indian 
Standards Institution has constituted a 
committee to fix standards of purity for salt 
manufactured in India for various purposes, 
and the Council has recommended that these 
standards be soon introduced in the salt 
industry. A Salt Research Station is to be 
established at Wadala, Bombay, where 
scientific methods of salt productioi. would be 
worked out and demonstrated to salt pro- 
ducers. It is also proposed to establish 
another research unit at Sambhar Lake area 
to deal with the problems of salt manufacture 
from lake and pit brine. The Council has 
recommended to the Government of India 
that the Mandi salt mines and the salt depo- 
sits in the Rann of Cutch should be developed. 

The proposal of the Indian Statistical 
Institute for the establishment of a research 
unit in quality control to serve the needs of 
industries in Bombay has been accepted by 
the Council. This research centre will be 
attached to training centre in quality control 
financed by industry in Bombay. 

The Council approved the appointment of 
Professor Kriedel, Director of Research, 
Bausch & Lomhe, U.S.A., as Director, 
Central Glass & Ceramic Research Institute, 
Calcutta. 


Characteristics of the Ionosphere 
over Calcutta (May 1949) 

S. S. BARAL, R. K. MITRA, D. C. CHOUDHURY, 
(Miss) T. K. PAL & A. P. MITRA 

Wireless Laboratory, University College of Science, Calcutta 


T he following are the ionospheric 
data observed at Calcutta for the 
month of May 1949. The observa- 
tions were made at each hour of the 
day for 5 days a week. 

Fig. 1 represents the mean hourly values 
^of the virtual heights and critical frequen- 
cies of the Fg layer and the critical frequen- 
cy of the E layer in graphical form during 
the month of May 1949i. Fig. 2 gives the 


predictions of maximum usable frequencies 
which can be used for different distances 
of transmission during August 1949 by 
reflection at the F region over Calcutta. 
Table I gives the list of occasions when E 
region ionization was found to be abnormal 
and the corresponding penetration frequen- 
cies and virtual heights. 

There were frequent occurrence of thunder- 
clouds during this month at different times 
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‘ { 5 HOURS 54 MINUTES AHEAD OF G.M.T. ) 

Fig . 1— May 1949. 



August 1949. 


of the day and the E region ionization 
was found to be abnormal on most of the 
occasions. The afternoon abnormality m 
the F region ionization observed during the 
previous months has almost disappeared in 
the month of May. During the last few 
days of the month, however, the ionos- 
phere was found to be disturbed. 


Month & 

YEAR 

May 1949 


TABLE I 

Date Hour 


2 

16.00 

17.00 

18.00 

3 

20.00 

21.00 

22.00 

23.00 

•5 

10.00 

11.00 

12.00 

16.00 

17.00 

•10 

18.00 

19.00 

20.00 
21.00 
22.00 

•12 

19.00 

20.00 
21.00 
22.00 
23.00 

13 

00.00 

01.00 

02.00 

05.00 

•16 

16.00 

17.00 

18.00 

18 

07.00 

08.00 

•10 

20.00 
21. ( K ) 
22.00 
23.00 

20 

•00.00 

07.00 

08.00 

09.00 

19.00 
•20.00 

21.00 
28.00 

21 

00.00 

23 

17.00 

18.00 
23.00 

24 

00.00 

01.00 

17.00 

•18.( K ) 

•21.00 

25 

09.00 

10.00 
11.00 
12.00 

•26 

18.00 

19.00 

20.00 
21.00 
22.00 

27 

00.00 

01.00 

02.00 


03,00 

•30 

14.00 

15.00 

16.00 
17.00 

81 

22.00 

23.00 




Me . 

Km . 

4*35 

135 

3-50 

135 

3-80 

120 

8-25 


800 



105 


105 

600 

136 

5-20 

135 

600 

385 

4*65 

136 

4-20 

135 

6-80 

135 

6-50 

135 

6-36 

135 

6*30 

135 

6 05 

135 

705 

185 


135 

6-00 

135 

S -60 

120 

2-90 

120 

8-80 

105 


105 

2-76 

106 


105 

4*76 



120 

4'80 

120 

410 


4-76 


4-25 

120 

4-20 

120 


4-30 120 
4 25 120 
4 00 105 

7 25 120 
7-45 136 
7- 70 135 
4-75 160 
4-76 150 
4 00 136 
3-76 136 
3 00 120 
3 15 120 

8 05 120 


2-80 

105 

2-76 

90 

2-70 

90 

6 00 

186 

3 '65 

135 

8-26 

185 


185 

600 

160 


160 


1.50 

8 65 

185 


135 

6«76 

136 

6-86 

135 

6-20 

135 

3-55 

120 
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2-70 

90 

2*35 

00 

7-46 

150 


150 

7-90 

150 


150 


105 

2-55 

00 


• Local thunder-storms 









The A.C. Network Analyser 

M, S. THACKER 

Department of Power Engineering (S' Electrical Technology, 
Indian Institute of Science, Bangalore 


T he past decade has witnessed a very 
rapid increase in power development 
and power systems in the Western 
Hemisphere. India is on the threshold 
of a vast development of her potential power 
resources — its best, efficient, and economic 
utilization by an all-India interconnection 
of power systems — in the creation of a 
National Grid 

In this approach to power development, 
numerous problems, both engineering and 
scientific, have to be investigated and solved. 
Many investigations involved in this con- 
nection would be difficult to undertake 
because the amount of work and time 
required to arrive at satisfactory quantita- 
tive conclusions would be prohibitive. This 
fact has been mere emphasized because of 
the necessity for rapid technological progress 
over a period of time during which there 
would be a relative dearth of technically 
trained men. The engineer or the scientist, 
fully aware of this situation and of the 
need fer theoretical understanding in quanti- 
tative terms, has to look to ways and means 
for overcoming this limitation of man -power 
and also of time. 



Fig. 1 — The A.C. network analyser, in- 
corporating INDUCTANCE AND CAPACITANCE IN 
ADDITION TO RESISTANCE IN ITS IMPEDANCE UNITS, 
IS APPLICABLE TO A WIDE RANGE OF DESIGN AND 
OPERATION PROBLEMS. 



Fig. 2 — Rear view of two circuit-unit 

CABINETS SHOWING THE WIRING DETAILS. 

For studying more readily the numerous 
problems associated with power system 
planning, design and operation, experimental 
methods of solution have been evolved and 
apparatus for such studies is built, commonly 
referred to as Network Analyser ” or “ Net- 
work Calculator The use of such an 
analyser will be invaluable for national 
power planning. 

A general view of this analyser board is 
shown in Figs. 1 and 2. It consists essen- 
tially of numerous adjustable impedance 
units of inductance, resistance and capa- 
citance, such that the power systems or 
other electrical networks can be represented 
by them. Generators and impedance units 
can be set up to represent the desired system 
or systems and equivalent circuits. The 
system studies can be made fast, flexible 
and accurate. Representative circuits set up 
would efficiently solve certain problems which 
cannot otherwise be practically handled. 

The types of information obtainable from 
the A.C. network analyser is indicated below. 
It is classified according to four general 
types of problems for which the analyser is 
particularly adopted, but which would sug- 
gest other uses. The list below is not final 
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or complete but is merely indicative as a 
guide. 

Power System Planning, Design & 

Operation Problems 

Load Division — 

Desirable and economic location for new 
generation 

Effect of adding new transmission circuits 
Determination of location for new sub- 
station 

Effect of bus reactors 
Effect of increased system loadings 
Effect of changes in transformer reactance 
Effect on systeip of temporary loss of 
various trai||teission circuits 
Effect of temp^feiry loss of generation or 
synchronous-condenser capacity 
Circuit loadings 
Bus voltages 

Reactive-power capacity needed 
Ratings of transformers and transformer 
windings 

.Tap range of transformer required 
Benefits from load ratio control 
Benefits possible through use of phase- 
shifting transformers 
Effect of increased system voltages 
Effect of increased conductor sizes 
Determination of reactive-power flow; and 
Investigation of system losses and means 
of reducing them 

Short-circuit, Thre^-phase & Unbalanced 

Faults — 

Maximum short-circuit currents for deter- 
mining circuit-breaker duties 
Bus voltage during short circuits as a 
measure of fault severity and net 
effect on system 

Maximum and minimum fault currents 
and voltages for determining relay 
settings 

Determination of zero-sequence currents 
for inductive co-ordination problems 
Effect of mutual coupling between cir- ^ 
cuits on short-circuit currents and 
voltages 

Determination of grounding-transformer 
rating 

Effect of ground-fault neutralizer on 
fault currents in the transmission 
network 

Maximum and minimum fault currents 
for application of expulsion protective 
tubes ; and 

Effect of various types of system ground- 
ing 


Stability — 

Steady-state limits 

Transient limits with various types of 
faults ; 

Switching times required for various 
types of faults and fault locations 
Effect of bus reactors on transient 
stability 

Effect of Wk2 on transient-stability 
limits 

Effect of transient reactance on transient- 
stability limits 

Determination of increase in transient- 
stability limits with shorter switching 
and relay times 

Effect of switching and of bus arrange- 
ments on stability limits 
Effect of quick reclosure of circuit 
breakers 

Extent to which transient-stability limits 
are affected by saliency and excitation 
response 

Effect of damping torques on transient- 
stability limits 

Time required for generator to pull out 
of step after loss of excitation, and 
effect on the rest of the system ; and 
Evaluation of effect of single-phase 
switching and reclosing on transient- 
stability limits 

Special Circuit — 

Starting and pull-in characteristics re- 
quired for large synchronous motors 
connected to a transmission system 
Determination of desirable methods of 
starting large synchronous motors or 
synchronous condensers 
Reduction of a complicated network to a 
more simple equivalent 
Determination of currents and voltages 
in three-phase circuits containing un- 
balanced impedances 
Cable-sheath currents 
Determination of fifth-harmonic voltages 
generated in a system by transformer 
magnetizing currents 
Solution of equivalent circuits represent- 
ing mechanical elastic, and dynamic 
systems , 

Solution of equivalent circuits for the 
hunting of electric machinery 
Determination of characteristics and per- 
formance of variable-ratio frequency- 
changer sets ; and 

Solution of equivalent circuits represent- 
ing field equations of mathematical 
physics 
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Apart from the applicability of the analyser 
to power system problems, some of which 
are briefly enumerated above, there are 
several significant special scientific applica- 
tions which point to a wide field of the 
analyser's usefulness. 

Among these applications may be men- 
tioned the compressible-fluid-flow problem 
for either subsonic or supersonic flow ; the 
equivalent circuit for an elastic field ; equi- 
valent circuits for elastic structures ; study 
of the propagation of electro-magnetic waves ; 
the Schrodinger amplitude equation for one, 
two and three independent variables in 
orthogonal curvilinear co-ordinate systems ; 
study of certain mechanical vibration 
problems ; hunting in certain electro-mecha- 
nical systems ; the process of " scanning " 
the hunting network ; solution of hunting 
problems associated with power selsyns ; 
solution of the problems of doubly fed 
machines ; developments of equivalent cir- 
cuits for electrical machinery for hunting 
and unbalanced operation, etc. 

The well-known analogies among mecha- 
nical, electrical, acoustic, thermal, and other 
systems would suggest many possibilities. 
If researches could be undertaken and the 
complete science of hydraulics be built up 
into equivalent electrical analogies, the 
possibilities of adapting the analyser to 
solutions of problems over the entire field 
of power engineering would be great. 

The network analyser, which is being 
installed in the Power Engineering Depart- 
ment at the Indian Institute of Science, and 
which is expected to be ready to function 
by early 1950, consists of a power supply 
system embodying 16 generator units, each 
consisting of 2 power selsyns for independent 
phase-angle and voltage magnitude adjust- 
ments ; 16 synchronous impedance units for 
use with the generators to represent syn- 
chronous impedances of generators in actual 
system ; 100 line units consisting of adjust- 
able resistors and reactors, intended for 
representing lines or other circuits of rela- 
tively small impedance ; 50 load units 
also consisting of adjustable resistors and 
reactors which may be connected either in 
series or in parallel ( the impedances of 
these units are much higher than those of 
the line units ) ; 48 capacitor units to repre- 
sent line capacity, synchronous condensers, 


or low valves of negative reactance ; 32 
variable ratio auto-transformer units for 
stepping up or down the voltage at 
different points in the network ; 8 mutual 
reactor transformer units with 1 : 1 ratio 
used in conjunction with a line unit to 
represent the mutual impedance of parallel 
circuits. 

In addition, there are jumper circuits to 
serve as zero-impedance ties between points 
in the network or as connecters for metering 
purposes. They are useful to represent 
bus-tie breakers, or the terminals of equi- 
valent “pi" transmission lines, ^ t tie dif- 
ferent phase-sequence networks together 
during certain types of fault studies to 
totalize currents of two or more circuits 
connected to a bus, and any other purpose 
that requires a zero-impedance tie. 

The A.C. network analyser will solve 
efficiently many problems which cannot be 
handled practically by any other means. 
It is hoped, the analyser will be constantly 
in use by the Central, Provincial and State 
Electricity Planning Commissions, Boards 
and authorities, and also by private electri- 
city authorities and industries. Such net- 
work analysers in the U.S.A. and in the U.K. 
are kept in constant operation, even working 
on three shifts a day, for the solution of 
various problems in the power system 
development in these countries. 

There is another type of analyser devel- 
oped for studies, such as the power system 
electric transient phenomena. This is the 
transient network analyser and permits 
studies of problems involving switching with 
restriking, transmission-line or similar dis- 
tributed-constant systems, non-linear impe- 
dances such as saturable reactors and non- 
linear resistors, and circuits involving 
commutation or discontinuities such as recti- 
fiers and inverters. It is a unique calcula- 
ting device for nemerous problems involving 
distributed constants, non-linearities and 
discontinuities which it can handle in either 
the transient or steady state readily and 
quickly. The problem need not be an 
electrical one primarily, but may be any 
problem which can be reduced to an appro- 
priate electrical equivalent. This type of 
analyser is not of immediate necessity, 
but its installation in not too distant a future 
is visualized. 



Practical Working of a Laboratory Equipment 
for Thermionic Valve Production 
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Introduction 

T hermionic valves have now wide 
and varied uses in many fields such 
as radio and line communication, 
various forms of industrial control, 
electrotherapy, television, #adar etc. This 
has led to the development of many varieties 
of valves from the simple diodes and triodes 
to tetrodes, pentodes, hexodes, octodes and 
their combinations. They ^ary in size from 
a tiny acorn, barely an inch long, to the giant 
transmitting valves, 4' high. They may 
have high vacuum inside or rday be filled 
with vapour as in thyratrons, tungars, etc. 
The end of this amazing development of new 
types of valves is, however, not yet in sight. 
New types of valves with new uses are still 
being produced. In recent years valves 
like klystron, magnetron and phasitron, 
involving entirely new principles for work on 
microwaves, have been developed. This has 
been possible only through intensive funda- 
mental research on the one hand and of simi- 
lar developmental i^esearch on the other. 

In view of the great importance of radio 
valves, specially because of its indispensabi- 
lity in appliances used by the communication 
and defence services, the Board of Scientific 
& Industrial Research in 1942, sanctioned 
a scheme of research on the laboratory pro- 
duction of radio valves in India. Un- 
tortunately, on account of war conditions, 
the import of the necessary plant was greatly 
delayed. In 1945 a pilot plant built by the 
Callite Tungsten Corporation, U.S.A., was 
made available, and it arrived at the 
University College of Science, Calcutta in 1946. 
It took some time to put the plant into 
working condition as a number of its com- 
ponents had been damaged in transit. Work 
was, however, commenced in September 1946 
in spite of the many difficulties such as non- 
availability of raw materials, etc. Thjf two 
authors of the present note have successively 
been in charge of the plant, and they have 
worked out successfully the more important 
techniques^ in the manufacture of thermionic 
valves. In what follows, a description of the 


plant and also an account of the details of 
the various processes involved in the cons- 
truction of a thermionic valve of type 80 
full-wave rectifier is given in detail, and 
brief references to other processes which 
can be worked with the plant are also 
given in the Appendix. 

The Pilot Plant 

The pilot plant consists of the following : 

(A) Main working table with all the acces- 
sories 

(B) Booster unit, compound vacuum pump 

(C) High frequency induction furnace, and 

(D) Macleod gauge 

(A) The Main Working Table — The various 
components comprising the unit (Fig. 1 ) 
are described below : 

(1) Double wheel glass cutter — It consists 
of a cutting disc of carborundum ( for soft 
glass ) and another of steel ( for hard glass ) 
and is operated by a 110 volt A.C. motor, 
having 3,400 r.p.m. 

(2) Five-burner adjustable cross-fires with 
ball joints — This comprises the following 
accessories with a 1/10 h.p. driving motor 
with reduction gear and universal head 
socket : (a) flare chuck, adjustable for 
different sizes ; (b) stem head for making 
tipless stem ; (c) sealing head for different bulb 
sizes ; (d) basing head for all types of bases ; 
and (e) equipment for blowing air through 
the tubes for making exhaust holes. 

When making stems, the glass piece and 
lead wires are held in position by means of 
clamps provided and the stem head is 
rotated between cross-fires by means of a 
1/10 h.p. motor. When it is desired to 
make flares, seal-in or to connect the base, 
the stem head is removed and is replaced 
respectively by flare chuck, sealing or 
basing head, according to the operation 
desired. 

(3) Ribbon burner for melting long glass 
tubes — This is not of much importance for 
valve construction, but is essential for making 
neon signs, ' ^ 




Fig. 1 — Main working table with all the accessories. 


(4) Blast torch for glass fusion with temperature is maximum at one end of the 

arrangement for oxygen-air flame. chamber and diminishes towards the other 

(5) Tipping torch for sealing off the valve, end. The stem to be annealed is introduced 

(6) Needle flame burner for localized at the hottest end and is taken out at the 

softening of glass at a point. coolest end. The former is called the inlet 

(7) Gas heated stem annealer — This and the latter the outlet end of the chamber, 
consists of a long chamber inside which there (8) Gas-heated bulb rotary annealer — 
are two parallel rows of flames. The dis- Useful for annealing of the glass envelopes 
tribution of the flames is such that the after they have been sealed with stem. 
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Fig. 2 — Circuit diagram of spot welding 

MACHINE. 


(9) Three-head glass manifold with the 
gas-heated baking oven — The manifold is 
connected to the vacuum lines. The valves 
are sealed in the three exhaust heads and 
baked during the process of evacuation by 
the gas-heated oven. The oyen can be 
raised or lowered by means of adjustable 
weights. 

(10) Soldering iron with two burners — 
For soldering the lead-in-wires to the base 
socket. 

(11) Spot welding machine — This consists 
of a single-phase power transformer with 
five secondary taps for varying the voltage 
in steps of one volt ( Fig. 2 ). The particular 
voltage to be used depends on the thickness 
and the type of material to be welded. The 
welding is effected by the Joule heat generated 
between the metal surfaces to be welded 
when the current is passed in the primary 
of the transformer for a short time. The 
welder is operated by means of the foot- 
treadle (F) which closes the primary circuit 
when depressed. For finer control of welding 
voltage a rheostat may be included in the 
primary circuit. A proper weld is made by 
quick depression of the foot-treadle. For 
precision and quick workings the time of 
welding is to be controlled by an electronic 
circuit. 

(12) Leak tester — This is a useful tool |pr 
locating leaks and for rough indication of 
pressure inside the vacuum system. It 
consists of a transformer, mounted in a 
cylindrical case provided with a small knob 
connected to a rheostat at one end and a 
metallic electrode at the other. 

The tester is connected to the 110 volt A.C. 
line and the knob adjusted until the end of the 
electrode glows with a spark discharge. When 
held against the glass tubing of the pumping 
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system, the spark jumps to the glass and 
partially covers the outer wall of the 
glass. A poor vacuum is indicated by a 
dark-purple streak or red glow while a higher 
vacuum shows a light-blue colour which 
becomes thinner and clings close to the 
inside of the glass walhas the pressure de- 
creases. The glow disappears entirely at 
pressures below 10-^ mm. of mercury. A 
pale-red glow which gradually turns into a 
dark-purple streak inside the tube indicates 
a leak. The spark from the tester enters the 
tubing through the leak and becomes white in 
colour as it passes through the glass, the leak 
being indicated by a bright spot. 

(B) Vacuum Pump, Booster Unit, etc , — 
This is shown in Fig. 3. A motor (M) 
operated on 220 volts A.C. works both the 
compressor for the booster ( for supplying 
gas-air mixture to the burners ) and the pump 
unit through a common coupling shaft. The 
booster unit consists of 2 rotary compressors, 
one (Cl) for air and the other (C^) for gas. 
The outlets of the compressors are connected 
to separate chambers of a reservoir drum 
(D). The pressure within the chambers can 
be controlled by adjustable mechanical lever 
arrangement (L) for gas and by an adjustable 
spring valve (S) for air. The unit supplies 
gas at 12'' pressure on the water column — 
approximately equal to 7 oz. of pressure, and 
air at a pressure of 3 to 4 lb. — which are the 
conditions for best results. The compressed 
mixture of gas and air is circulated to 
various burners in the main working table. 

The fore-pump (F) gives a vacuum of the 
order of 10“^ mm. of Hg. This is followed 
by a mercury diffusion pump by means of 
which a pressure of the order 10"® mm. of 
Hg. can be obtained using a liquid oxygen 
freezing trap. The main vacuum line is a 
pyrex tube of wide bore to give the least 
possible resistance during pumping, and it 
is connected to a soft-glass manifold by a 
short connecting tube. Soft glass is used 
for the manifold to facilitate the sealing of 
the lead glass stem of the valve with the 
manifold heads. 

(C) High Frequency Induction Furnace — 
The degassing of metallic parts is effected by 
heating in an. induction furnace of spark 
oscillator type. The circuit diagram is shown 
in Fig. 4. The load to be heated, is placed 
inside the coil (L) which is made of a hollow- 
copper tube. The coil together with the 
condenser and the load forms the tank 
circuit. The latter is coupled to the 
main spark generator circuit composed of 
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_ Fig. 3 Compressor and vacuum pump unit — D : reservoir drum ; M : motor ; S : spring valve ; 
r ; fore-pump ; L : mechanical lever ; Cj : compressor for air ; C, : compressor for gas. 
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Fig. 4 — Circuit diagram of induction fur- 
nace -T- T : input transformer ; SS : spark gaps ; 
KK : tappings on the inductance coils ; II : induc- 
tance coils ; L : heating coil. 

condenser, inductance and a set of tungsten 
spark gaps (SS|. The tappings (K) on the 
coils can be adjusted for tuning. This 
adjustment is necessary because the heater 
coil has often to be changed in accordance 



Fig* 5 Structural farts of type 80 full- 
wave rectifier — (a) Glass ;piece for flare ; (b) 

(c\ eRWust tube ; (d\ glass ftate Stem 
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(h) (C) 


Fig. 6 — Structural parts of type 80 full- 
wave rectifier — (a) “ Diimet " lead-in-wires ; 
(b) anode plates of nickel ; (c) mica spacer. 

with the size of the load. Inductance ( II ) 
in the spark circuit may be varied within a 
range of 5 to 18 (xh. The input transformer 
(T) supplies power to the spark circuit. 
There is an adjustable magnetic shunt 
between the primary and the secondary 
coil of the transformer with the help of which 
the output of the furnace can be varied from 
2*5 to 5*5 kVA. A thermocouple type of 
h.f. power metre coupled to the tank circuit 
serves as an indicator for the resonance 
condition of the two circuits. The width of 
the spark gap has to be adjusted to a value 
of 0*003" to 0*004" from time to time. 

(D) Macleod Gauge — It is used for record- 
ing pressure up to 5 x 10'® mm. of Hg. The 
mercury diffusion pump, using liquid oxygen 
in the freezing trap, gives a pressure of the 
order of 10~® mm. For accurate recording 
of higher vacuum, an ionization gauge is 
essential and is being constructed. 

Construction of Type 80 Full-wave Rectifier 

Type 80 is a directly heated, high vacuum, 
full-wave rectifier. It has got a maximum 
peak inverse voltage of 1,400 and gives a 
maximum D.C. output current of 125 m.a. 
Its filament consumes 2 amp. at 5 volts input. 
The constructional details of the valve are 
shown schematically in Figs. 5, 6, etc. 

The various steps in the construction are 
the following; 

(A) Construction of the glass stem with 
lead-in-wires ; annealing 

(B) . Construction of electrodes 

(C) Cleaning and degreasing of materials ; 

o\xtgassmg oi taetaHvc ; catbom- 
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(D) Construction of filaments 

(E) Assembly of electrodes by spot welding ; 
hooks and supports ; mica spacers 

(F) Sealing of glass envelope 

(G) Evacuation and processes during eva- 
cuation, which include : (1) degassing, 
(2) cathode activation, and (3) getter- 
ing and sealing 

(H) Testing of finished valves 

(A) Construction of Glass Stem with Lead- 
in-wires — The different stages in making 
of the glass flare stem are shown in Fig. 5. 
A short glass piece (a) is first given the flare 
shape (b) by means of the flare head. The 
exhaust tube (c) and the lead-in-wires, fixed 
in the lead wire spacer, are then fused to the 
flare (d) by means of the stem head shown 
in Fig. 1. The exhaust hole at the 
terminal of the exhaust tube is then blown 
by means of the equipment shown in Fig. 1 
by the combined effect of heating at a point 
and blowing air through the exhaust tube. 
The working temperatures for the different 
operations are shown in Table I. 


TABLE I 


Operation 

Working 

Working 


TKMP., 

TEMP., 


SOFT GLASS 

HARD GLASS 


°c. 

®C. 

Flare 

800 

1,000 

Stem 

1,000 

1,250 


To prevent weathering due to the elec- 
trolysis effect resulting from the deposition 
of moisture on the bulb, the glass must 
possess a high electrical resistance, must be 
well annealed, must have a low working 
temperature and maximum lead-wire spacing. 
In our case, soft glass of the following com- 
position was used, since it matches the 
thermal expansion while sealing with the 
lead-in-wires. Composition of soft glass : 
SiOj, 57-72% ; Na^O, 5-8% ; K^O, 7-12% ; 
PbO, 26-32% ; B^O^, 0 2% ; Al^Oa, 

0-2-0*8% ; 0-5%. 

Lead-in- wires (Fig. 6a ) are fused to the 
stem by the use of proper seals. In selecting 
the metal-in-glass seals the guiding principle 
is that when cooling after heating, the metal 
should contract at a slightly smaller rate 
than the surrounding glass and that the 
metal should have a good thermal conductiv- 
ity. Obviously, this calls for different 
feals for soft glass ( soda and lead glass ) 
and hard glass ( Pyrex and Nonex). For 
soft glass, dumet ” seals, which we use. 
satisfy ttie conditions ol good tYvemai 
conductivity, quick dissipation of heat, 


fairly cool operation and the required 
matching of thermal expansion with lead 
glass. Dumet seals consist of nickel-iron 
alloy with 48 per cent of nickel with a layer 
of copper which gives a better bondage with 
lead glass. Covering the wire with a layer 
of borax ^ serves as a protection from exces- 
sive oxidation during sealing. Dumet '' 
seals, however, have complex expansion 
characteristics (radially 10*25 X 10-®/0°C. and 
longitudinally 7-6x lO-VOX. ). The effect 
of this can be minimized by the use of pieces 
of very short length. The uses of other 
types of metals in glass seal arci ^ iven in 
Appendix A. 

The different types of stems in use in 
modern valves are described in Appendix B. 

Annealing is essential for removing any 
permanent strain set up within the material 
of the glass in. cooling. If allowed to remain, 
it causes cracks when the finished product 
is put into service. The following two 
temperatures are important in connection 
with annealing. 

Annealing Point — This is the temperature 
at which the viscosity is 2-5 x 10^* pois and 
90 per cent of the strain is removed in 5 
minutes from a glass sample of thickness \\ 
Physically, this represents the point at which 
there is sufficient mobility within the glass 
structure to permit the movement necessary 
to relieve any strains set up within a definite 
period of time ( 15 min. ). 

Strain Point — The strain point is the 
temperature at which the viscosity is 
4*0x10^^ pois and at which 90 per cent of 
the strain is removed in 4 hours in a glass 
sample Y thickness. Physically, this 
represents the temperature below which no 
permanent strain is introduced at ordinary 
rates of cooling and above which annealed 
glass cannot be heated again without intro- 
ducing permanent strain and requires re- 
annealing to free it from strain. 

The finished work is first heated above 
the annealing point ; the temperature is 
then gradually lowered following a schedule 
which depends on the hardness of the glass. 
The approximate schedule can be determined 
with the help of the equation given in Appen- 
dix D. In our case the approximate values 
of the annealing point and the strain point 
were 430°C. and 390X. respectively. The 
stem immediately after construction is 
placed for a short while at the end of the 
annealing chamber where the temp^atuxe 
is slightly above MffZ, and annealed for 
about 5-10 minutes placing it at gradually 
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lower temperatures in the annealing chamber. 
The average temperature of the chamber is 
400®C. The best annealing temperature 
and time were determined by repeated trials. 
It was found that it is best to cool compara- 
tively slowly since the glass may crack, even 
though no permanent strain is introduced. 
A well-annexed glass has 2*5 to 3*0 times the 
electrical resistance of an unannealed glass. 

(B) Construction of Electrodes ' — Anodes of 
the shape and dimensions shown in Fig. 6b 
were made from sheet nickel with the help 
of an ordinary dice and press machine. The 
choice of nickel for such valves is determined 
by the following considerations. 



EiO. ? — TRlCRLORO-BTHYLEt^S DSOREASINO 


High ductility, permitting construction 
of anodes of complicated shapes with less 
difficulty ; freedom from transformation of 
the crystalline structure resulting in brittle- 
ness ; low vapour pressure permitting high 
frequency heating in vacuum at 100°C. ; low 
solubility of carbon permitting carbonization 
to increase heat dissipation ; good strength 
and stiffness. Nickel, free from sulphur, is 
to be used since sulphur causes the grains of 
nickel to be separated by films of brittle 
sulphide. 

It is to be noted that nickel is now generally 
replaced by nickel-plated steel although it is 
difficult to obtain an evenly distributed 
heavy plate of nickel on strip steel. 

Iron and steel are used for cheapness but 
have the disadvantage of forming carbides 
during carbonization. 

(C) Cleansing & Degreasing of Materials : 
Outgassing of Metallic Parts & Carbonization 
of Electrodes — It is essential that the glass 
tubes and the anode material be free from 
dirt, specially grease or oil. The slightest 
amount of grease or oil absorbed on the 
surface layer of the electrodes seriously 
hinders the attainment of high vacuum. 
Apart from this, subsequent heat treatment 
may burn the oil on the metal and spoil its 
surface or even affect its composition. 

The glass tubes before use for flare or stem 
making or for bulbs for sealing into the stem, 
are, therefore, washed thoroughly with 
chromic acid, then with ordinary water and 
finally with distilled water and dried. Tri- 
chloro-ethylene, one of the best grease sol- 
vents known, was used for degreasing metal- 
lic electrodes. It has a low boiling point 
( 87°G.), low specific heat, low latent heat 
and has the decided advantage that it has 
no action on common metals. Degreasing by 
this chemical leaves the metal in a dry, neu- 
tral condition ready for succeeding treatment. 

There are many types of degreasing plants 
used in industry. For our purpose, a simple 
device was designed and constructed in the 
laboratory ( Fig. 7 ). It consists essen- 
tially of a cylindrical chamber divided into 
two compartments by wire gauge. In the 
lower chamber, a small quantity of trichloro- 
ethylene is boiled by means of a gas flame. 
Oily metallic p^ts are placed on the wire 
gauge.. Cold water is circulated through 
pipes at the top which condense the trichloro- 
ethylene va^urfromthe degreasing chamber. 
The metallic parts are thus exposed to a 
vapour bath which dissolves the oil 
and falls into the sink. This treatment is 
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(a) (b) 


(c) 

Fig. 8 — Structural parts of type 80 full- 
wave RECTIFIER — (a) Oxide-coated filament ; 
(b) getter tab of nickel ; (c) glass envelope. 

continued for half an hour by which time all 
traces of grease or oil are washed off. A 
thermometer can be introduced by the side 
hole for measuring the temperature. 

It is also necessary to outgas the metallic 
parts before assembly. Unfortunately we 
were not able to do this for want of a proper 
vacuum furnace ( this is under construction). 
The method of outgassing metallic parts 
before assembly is described in Appendix C. 

The anode is given a coating of carbon. 
A carbonized anode keeps a lower tem- 
perature on account of efficient radiation. 
Heat dissipation is then increased and 
permits the use of a smaller anode area for 
the same dissipation thereby reducing the 
cost. Coating is given by spraying “ aqua 
dag'" (colloidal graphite) on the anode 
surface by a spraying gun. For securing a 
good deposit the surface must be properly 
cleaned. 

(D) Construction of Filaments — The dimen- 
sions and design of the filament as used in 
the full-wave rectifier, type 80, is like those of 
standard type 80 valve. The filament is of 
the oxide-coated type (Fig. 8a). It consists 
of a strip of nickel of width OT cm. to which 
is added 2 per cent aluminium. The strip is 
covered with a mixture of barium carbon- 
ate ( approx. 40 per cent ) and strontium 
carbonate (approx. 60 per cent ). A length, 
6*3 cm., of this strip is folded into V-shape. 
Carbonate coating from a length of about 
Z*5 mm. is removed from each end in order 
to facilitate spot welding of the filament with 
the supports. A pair of such V-shaped 
filaments is used in each of the valves. 



- — 4 cm, — ► 



(E) Assembly & Spot Welding — Great 
care is taken to avoid contamination by hand 
in all welding processes. For perfect weld- 
ing, accurate adjustment and control of 
welding secondary voltages and the duration 
of welding is necessary. A blank trial with 
the metals to be used was carried out to 
determine the proper welding voltage and 
welding time. In the actual manufacturing 
process the welding time is automatically 
controlled by the use of a electronic circuit. 
Wires with different melting temperatures 
and heat conductivities weld together best 
when their diameters are related a^ follows : 

where d is the diameter, Tw is the melting 
temperature and K is the heat conductivity. 

This shows that for wires of the same 
material, welding will be more satisfactory 
when the diameters of the welded elements 
are equal. 

This is found to be so in actual practice. 
The following Table II will serve as a rough 
illustration of the fact. 


TABLE II 

Elements Best welding Time of 

VOLTAGE CONTACT 

0*5 X 0*5 mm. nickel wire Step No. 3 Normal* 

0*75 xO- 75 ram. nickel wire Step No. 4 Normal 

O‘5x0-75 mm nickel wire Step No. 4 Instantaneous ( with 

wire of small dia- 
meter below ) 

* The time of contact is neither too long, nor too short — 
0-5 to I’O sec. 


The anode and cathode supports are first 
welded in position according to design 
specifications. Mica insulators ( Fig. 6c ) 
cut according to the design are then fixed 
to the electrode for maintaining their relative 
spacings. The filaments are then shaped and 
welded to the support. Utmost care has to 
be taken so that the parts are not displaced 
or contaminated with dust or other external 
impurities during spot welding. 

Nickel getter tabs to be used are first 
degassed by heating in vacuum and then a 
short piece of magnesium ribbon is fixed on 
it. In order to avoid any deposit forming 
on the electrode bounding system and thus 
short circuiting different electrodes, the 
getter deposit is directed towards the bottom 
of the bulbs by a suitable design and placing 
of the getter tab (Fig. 8b). To avoid 
ionization by electron bombardment of the 
gaseous molecules, which invariably remain 
in the residual getter, the getter is fixed to 
the filament supports to have tfie cathode 
potential. 
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Support & Hooks — Support and hooks 
should have sufficient ductility, thermal 
conductivity, high modulus of elasticity, 
stiffness and strength. Nickel has all these 
properties and is used as support wires. 

Mica spacers — Muscovite mica has good 
insulating prop)erties and chemical stability 
up to a temperature of 500°C. and has been 
used by us. Above this temperature, how- 
ever, muscovite mica rapidly decomposes 
with the liberation of water vapour — one 
of the most harmful gases in the valves. 
Phlogopite mica can be used up to a tem- 
perature of 800X. For valves which operate 
at still higher temperatures, alumina, mag- 
nesia or steatite pressed from powdered 
material to the required shape and sintered 
at 1,500®-1,800®C. is used. Since mica 
contains 18 per cent combined water, it was 
baked at 206°C. before use. 

(F) Sealing of Glass Envelope — Soda-lime 
glass of the composition : SiOj, 69-73% ; NagO, 
13-16% ; KgO, 0-7% ; CuO, 6*1-13% ; MgO, 
3*2%; BA. 1%; A1A> 1-3-5%; SbgOg, 1% is 
used for glass bulbs ( Fig. 8c ) because of its 
cheapness and because it makes a good seal 
with the lead glass stem. Glass envelopes 
were supplied by Bengal Electrical Lamp 
Works Ltd., Calcutta, and blown in our 
laboratory according to design and specifi- 
cation. Bulbs must be properly cleaned to 
avoid any stain formation for the following 
reasons : 

(a) Glass heated to 400°C, evolves a small 
amount of hydrochloric acid which reacts in 
vacuum with the carbonate or the oxide of 
the cathode to give barium or strontium 
chloride. 

(b) These chlorides, subsequently being 
heated, evaporate and condense on the grid 
and the anode and form stains. 

(c) Under electron bombardment, the stain 
decomposes producing chlorine atoms or 
chlorine ions which poison the cathode 
emission to a pronounced degree. All traces 
of hydrochloric acid should, therefore, be 
removed before sealing. 

The following cleaning schedule was found 
satisfactory : 

The glass envelope is washed with chromic 
acid, then with distilled water and finally 
rinsed with caustic potash solution. It is 
then washed with distilled water, dried and 
sealed by the sealing head referred to in 
Fig. 1. The working temperature during 
se^ing-in varies from 1,Q50X. to 1,300X. 
During the sealing-in of the stem with the 
glass envelope, care is taken not t6 dislocate 



Fig. 9 — A type 80 valve with all parts 

ASSEMBLED BEFORE EVACUATION. 

any part. After sealing, it is annealed for 
10-15 min. in the bulb-annealing chamber 
(annealing temperature nearly 500X. ). 
The complete structure of the valve before 
being evacuated is shown in Fig. 9. 

(G) Evacuation & Other Processes During 
Evaemtion — Rubber tubing connections are 
avoided as far as practicable in the vacuum 
line as they are often leaky and give out 
sulphur vapour in high vacuum which is 
harmful to radio tubes. 

Water vapour to some extent is removed 
by using silica gel in a reservoir in the 
pumping line. 

Leaks in the whole system are traced from 
time to time by the help of the spark coil 
described before. 
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The slightest trace of grease creeping in the 
pumping line is sufficient to destroy the 
vacuum. Use of grease in the stop cocks is 
avoided as far as possible and “ apeizon 
grease is used for high vacuum pump line. 
A valve has to be subjected to the following 
processes during evacuation : 

( 1 ) Degassing — There is always the danger 
that after setting up there remains some 
contamination of the surface. On glass 
walls, this is mainly water vapour. On 
metallic parts it is usually oil and grease. All 
parts are, therefore, carefully cleansed before 
assembly. In order to attain the highest 
vacuum it is necessary to heat the radio 
tubes on the pump. 

First, the system is baked for half an hour 
at nearly 450°C. in a gas-heated oven to 
remove the vapour and gases adsorbed on 
the glass envelope and electrode parts at 
10"® mm. pressure. For lead glass, the 
temperature should be 400°C., and for pyrex 
glass, 600°-65QX. 

The nickel plates are then heated by induc- 
tion heating coil to bright red heat 3 or 
4 times for 10-15 sec. at intervals of 2 min. 
to remove the last trace of gas and heating 
is stopped only when there is no bluish- 
violet discharge of nickel vapour due to high 
frequency heating. The gas extracted from 
nickel is mainly carbon monoxide, carbon 
dioxide, hydrogen, small quantities of 
nitrogen and water vapour. 

An idea of radio frequency power Nt neces- 
sary to raise a metallic electrode to a specified 
temperature T® ( abs. ) may be obtained from 
the following formulae : 

iV 7 ^= 5-75 X 10-1* r^.a watts 
Nt= 2-80:x:10-Mv/7mP, (w/)* watts 

where a is surface area of the metallic elec- 
trode ; A , constant depending on the height 
of the cylinder to be heated ; its diameter ; 
and diameter of the eddy current heater 
coil ( the thickness of the coil is negligible 
if below 0*3 mm. ) ; /, frequency in 
cycles/sec. ; magnetic permeability ; 9t, 
specific resistance of the material heated in 
ohms/cm. ; n, number of turns in the coil ; 
and /, r.m.s. current in the coil. 

Precaution was taken to see that (a) the 
temperature of heating was not above the 
point where the vapour pressure of the metal 
is greater than 10-^ mm. of Hg. as otherwise 
volatilization of the metal will begin ; (b) the 
pumping speed was made sufficient to remove 
as quickly as possible the gas evolved during 
heating as otherwise th^ gas evolved may 


be. ionized, giving rise to a discharge under 
the excitation of high frequency Jieating. 

(2) Cathode Activation — Activation of 
filament means the proper formation of the 
surface of the cathode to give the required 
emission. In the case of oxide cathode, we 
use, barium-strontium coating is first decom- 
posed by flashing the cathode. This is 
accomplished by heating the filament for a 
short time by a suitable filament power 
supply, which gives about 50 per cent input 
power above the normal. The carbon dioxide 
evolved is pumped out. The flaihing time 
is critical and varies from 10 to 9d se e. The 
filament is immediately heated by 5 volts 
A.C., which is the normal filament operating 
voltage. Care is taken to see that the normal 
operating conditions are maintained from 
this time onward, because the filament is 
now in the active stage and any adsorption 
of gas due to cooling might spoil the life and 
activity of the filament. The critical time 
of flashing for the decomposition of carbonate 
coating for perfect emission is still under 
investigation. 

During the decomposition of the carbonate 
coating, the eddy current heating of the anode 
and electrodes is resumed while the filament 
is still hot to remove any surface contami- 
nation due to carbon dioxide and free barium 
liberated from the filament during evacua- 
tion. The normal anode voltage is then 
applied. The anode current slowly rises 
and attains the value appropriate to the 
applied anode voltage in about 15 min. 
The building up of current is attributed to 
the gradual formation of an active layer of 
barium atoms on the surface of the filament 
through an electrolytic process. 

(3) Gettering Technique — An appreciable 
amount of residual gas remains even after 
the above operations. There also remains 
some absorbed gases in the valve elements. 
These are liberated during the subsequent 
stage of operation, and unless these are 
removed, the valve will lose the vacuum. 
Chemically active substances called “getters” 
are used to absorb the residual gases. By 
the use of proper types of getters a vacuum 
of the order of 10"^ to 10 ® mm. can be 
easily maintained. 

Gettering is carried out by any of the 
following processes : 

(a) Gettering by dispersion, in which the 
vaporized metal combines rapidly with the 
residual gases in volume and the surplus of 
vapour settles on the cooler section of the 
bulb electrode. 
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Fig. 10 — An actval photograph of structural parts of type 80 constructed — (a) Glass 
flare ; (b) exhaust tube ; (c) “ dumet " lead-in- wires ; (d) glass-flare stem with lead-in- wires sealed ; 

(e) mica spacer — getter tab of nickel — nickel anode plates — “ v '' shaped oxide-coated filaments; 

(f) a glass flare stem with all parts assembled ready for sealing in glass envelope ; (g) glass envelope ; 
(h) valve ready for evacuation ; (1) a finished valve with barium gettering. 


(b) Gettering by contact, in which the 
getter deposited on the bulb surface combines 
slowly with the gases which come into contact 
with it due to temperature agitation. 

(c) Gettering by ionization, during which a 
rapid chemical action takes place between 
the getter deposits and ionized gases. 

No other getter being available locally or 
from foreign countries, we are now using 
magnesium getter which is fairly satisfactory. 
It getters by ionization. Contact action is 
slow, being limited by the coating of oxide 
layer formed. The getter is flashed at a 



' # , 

Fig. 11. — Emission characteristics of type 

80 CONSTRUCTED COMPARED TO THAT OF PhUcO 

TYPE 80. m- 


temperature of 500®-600°C. It should be 
noted that magnesium getter loses its activity 
if the tube is left unused for a long time. 

When the pressure is of the order of 
mm. after the oxide formation by decom- 
position, the getter is flashed at a temperature 
of 500®-600®C. by restricting the eddy current 
heating to the region of getter tabs for 10-20 
sec. and avoiding any undue heating of the 
other electrodes. Eddy current heating is 
stopped as soon as the getter is flashed and 
a good deposit is obtained. 

Immediately after gettering, the tube is 
sealed off the pump line. It is found that 
a thick sealing maintains the vacuum well. 
A short account of the more effective getters 
which are actually used in the manufacture 
of radio tubes is given in Appendix E. An 
actual photograph of the structural parts 
leading to a finished type 80 valve is shown 
in Fig. 10. 

(H) Testing of Finished Valves — (a) Emis- 
sion tests : After sealing the tube off the 
pump, the valve is subjected to an activation 
schedule to complete -the formation of the 
oxide-coated cathode. In general, a current 
of 100 ma. for 5-6 min. is sufficient for 
complete activation. A graph showing the 
current-voltage characteristic is prepared 
(Fig. 11). The graph also indicates the 
comparison with the characteristics of 
Philco type 80. 

(b) Measurement df voltage regulation, 
peak diode current, diode impedances and 
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plate dissipation : Studies were made with 
2 standard types of filter circuits, viz. 
(1) condenser-input circuit, and (2) choke- 
input circuit. 

A typical set of curves for an input A.C. 
voltage 300 volts r.m.s. per plate is shown 
in Fig. 12. The corresponding curves for a 
Philco type 80 valve have been given for 
comparison. These curves provide a ready 


methood for the measurement of voltage 
reuglation (p), peak diode emission (T), 
peak diode resistance (r^), average diode 
resistance (r^), r.m.s. diode resistance {Ir^ I) 
and total plate dissipation (W). Calcula- 
tions were made for the following value: 

Max. peak voltage, £ = 300 \/2 volts 
External resistance, R = 348 ohms 
Capacity, C — 8 /x/ 

Choke inductance, L =25 Henries 

For condenser-input circuit : 

Typ£ 80 constructed Phitto type 80 

(i) E = 310 volts (i) E = 300 volts 

^ = 25 ma. Tp~lS ma. 

(ii) E = 247*5 volts (ii) E = 230 volts. 

Tp = 50 ma. ip = 50 ma. 

For choke-input circuit : 

(i) E = 225 volts (i) E =220 volts 

Ip = 25 ma. ip — 25 ma. 

(ii) E =192*5 volts (ii) E =185 volts 

Ip = 50 ma. = 50 ma. 

where E is the D.C. output voltage and Tp is 
the current per plate. 

(c) Measurement of peak inverse voltage : 
A rough determination of the peak inverse 
voltage was made by gradually increasing 
the input A.C. voltage. Peak inverse voltage 
is given by the sum of the maximum peak 
input voltage that the tube can withstand 
and the corresponding D.C. output voltage. 
The values are recorded in Table III. The 
method of calculation has been briefly out- 
lined in Appendix F. 


TABLE III 

Quaktitv Condenser-input circuit Choke-input circuit 

r~ r- * — 

Constructed type 80 Philco type 80 Constructed type 80 Philco type 80 


p 


0-61 

0-74 

0-89 

0-97 

A 

Ih ^ 

r(i) 

0‘166 amp. 

(i) 0-156 amp. 

(i) 0 0504 amp. 

(i) 0-059 amp. 

y ~ 

• 1 

l(ii) 

0-265 ” 

(ii) 0-24 ” 

(ii) 0-108 ” 

(ii) 0-107 ” 

; J 

r (i) 

318-6 Q 

(i) 426-0^2 

(i) 612^ 

(i) 712 Ii 


L(ii) 

328-6 0 

(ii) 443-6^2 

(ii) 457 Ii 

(ii) 582^2 


" (i) 
Jii) 

362-0 Ii 

373 4 Q 

(i) 484 Ii 

(ii) 504 Ii 




' (i) 
L(ii) 

842-5 O 

853-2 Ii 

(i) 458 Ii 

(ii) 477 Ii 



► W -j 

r(i) 

6-12 watts 

(i) 6-38 watts 

(i) 6-768 watts 

(i) 5-89 watts 

1 

L(ii) 8 *51 

(ii) 4-44 „ 

(ii) 7-785 „ 

(ii) 7-66 „ 

Peak inverse voltage 


1,363 volts ( with 
620 r.m.s. per 
plate) 

1,400 

1,363 

1,400 
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Dlscumlon of Results 

The curve accords with the general 
characteristics that the voltage regulation 
is better for a choke-input filter circuit. 
Compared to Philco type 80, the valve cons- 
tructed by us shows a definitely better voltage 
regulation in both modes of operation and 
hence has a lower value of the valve impe- 
dance. Possibly, the much better regulation 
obtained for higher values of output current 
may be partly due to the presence of a trace 
of residual gas still left. This, if correct, 
should result in a lower peak inverse 
voltage and a diminished life of the valve. 
Measurement of the former quantity, how- 
ever, shows that residual gas, if present, has 
a very negligible effect. No systematic test 
for life has yet been undertaken by conti- 
nuous running of the tube although it should 
be noted that measurements were made 
about 4 months after the cathode had been 
activated. 

Materials Used in Construction 

It will be interesting to examine the list 
of various raw materials used in the construc- 
tion of the valve ( type 80 ) and to see how 
far these materials are available in India. 
The following are the chief materials 
employed : 

(1) Soda glass bulb, (2) lead glass tube, 

( 3 ) mica insulator ( muscovite or ruby ), 

(4) dumet seals, (5) copper wire, ( 6 ) nickel 
wire, (7) nickel sheets, ( 8 ) magnesium ribbon, 
(9) oxide coated filaments, (10) Kulgrid hook 
wire, ( 11 ) trichloro-ethylene, ( 12 ) liquid 
oxygen, and (13) “Aqua Dag” (colloidal 
graphite ). 

Items 1, 3 and 12 are indigenous products 
and are available locally. Items 5, 8 , 1 1 and 
13 are not produced in India but are readily 
available in the market. All the remaining 
items have to be imported from the U.S.A. 
or the U.K. These materials can, however, 
be produced in India. We propose to 
develop a suitable process for the production 
of oxide-coated filaments in our laboratory. 
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APPENDIX A 

Types of Seal in Use in Radio Tubes 

There are two types of seals, viz. (1) metal- 
in-glass seal ; and ( 2 ) glass-in-metal seal. 

(1) Metal-in-glass Seal — For this class of 
seals the metal should contract at a slightly 
lower rate than the surrounding glass. It 
is made by using “ dumet ” lead-in-wires 
( nickel-iron alloy with 48 per cent nickel 
and a layer of copper which gives a better 
bondage) with soft glass. 

The alloy obtained by substitution of 
cobalt for nickel in nickel-iron lead-in-wires 
has lower expansion than soft glass and can 
be used in hard glass seals. 

Molybdenum is found suitable for metal- 
in-glass seal with hard glass ( SiOa, 73% ; 
Na^O, 2-4% ; Kfi, 4-2% ; CaO, 3% ; 

4-6% ; 3% ). 

(2) Glass-in-metal Seal — For this class 
of seals, the glass should contract at a lower 
rate than the metal after heating. Chro- 
mium-iron alloy with 27 per cent chromium 
has an expansion 10*5 — 11 x 10“®/^°C. which 
is greater than soft glass and is suitable for 
soft glass in the metal type of seals. 

Tungsten can also be used for this class 
of seals. Its low thermal expansion matches 
that of “ Nonex ” glass ( SiOj, 75% ; Na^O, 
3-4%; K,0, 1*9%; CaO, 0*3%; B 2 O 3 , 18*3%; 
AI 2 O 3 , 1 % ) and the adhesion of oxide to 
tungsten is great enough for making glass- 
metal seals even for the leads of power and 
transmitting tubes. To avoid excessive 
oxidation, the tungsten wire is beaded. Its 
high electrical conductivity is a decided 
advantage in seals which are to carry high 
frequency currents. 

An alloy of cobalt-nickel-iron containing 
18 per cent nickel, small amount of other 
impurities and molybdenum, called “ Fer- 
nico ”, is also used in metal tubes. 

APPENDIX B 

Types of Struts in Use in Radio Tubes 

There are 4 types of stems : (1) glass-flare 
stem; (2) metal tube stem; (3) metal tube 
button stem ; and (4) all-glass button stem. 
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(1) The glass-flare stem consists of a glass 
tubing with one end formed into a flare and 
the opposite end pinched to form the seal 
containing the leads. The stem length for 
glass-flare stem in modern receiving valves 
ranges from 29 mm. to 14 mm. The total 
clearance usually allowed between the flare 
and the inside walls of the base ranges from 
5 nim. to 2 mm. The clearance between the 
leads in flat-press stem should be increased 
to eliminate possible difficulty of electrolysis. 

(2) In a metal tube stem, each lead is 
brought into the tube through an individual 
metal eyelet and made vacuum tight by 
means of a glass seal. This is not much used 
on account of the high cost. 

(3) In a metal tube button stem, a glass 
button is moulded into a metal sleeve. The 
metal sleeve is welded to a cold, rolled-steel 
flange. The whole assembly is then loaded 
onto a mould in which the lead wires and 
tubing are located, with one short length of 
glass tubing outside and another inside. The 
glass is then pressed into the metal sleeve by 
heating. 

(4) All-glass button stem is similar to the 
metal tube button stem except that the metal 
sleeve is omitted. The use of this kind of 
stem reduces the over-all length of the tube 
slightly and improves shielding. 

APPENDIX C 

Outgassing of Metallic Parts 

Before Assembly 

Although degassing is done by the induc- 
tion furnace heating or by electron bombard- 
ment during evacuation, previous outgassing 
of the metallic parts is important in attaining 
a high order of vacuum and in maintaining 
the same during the operation of the valve. 
The common method of outgassing consists 
in heating the metallic parts in a suitable 
vacuum furnace under a pressure of 10'^ mm. 
The metal electrode to be outgassed is placed 
in a molybdenum boat and inserted into the 
furnace. A temperature of 750‘^-950°C. is 
suitable for degassing nickel and its alloys. 

Outgassing temperatures for some of the 
common materials are given below. 


Material Outgassing temperature, ®C. 

Tungsten _ 

1,800 

Molybdenum 

950 

Tantalum 

1,400 

Platinum 

1,000 

Copper and copper alloys 

500 

Graphite 

1,500-1,800 


Some metals, e.g. molybdenum, platinum, 
nickel and iron may be cleaned by heating 
in an atmosphere of hydrogen. The samples 
are heated at 950X. in a silica tube furnace 
containing dry hydrogen at a pressure of 
mm. of Hg. Heating in a dry hydrogen 
atmosphere introduces hydrogen into the 
metal by adsorption but owing to its high 
rate of diffusion, it is entirely removed by 
baking at 450°C. and rendered hydrogen-free. 


APPENDIX Di 


Annealing Temperature 


The initial rate of cooling, in annealing 
may be expressed as follows : 

, BF AN, 

~ C C 


where ho is expressed in °C./min. ; B, birefrin- 
gence constant ; F, stress in kg./cm. ; AN,, 
final stress in optical unit = 2*5 millimic- 
ron/mm. of glass thickness ; C, constant = 


a B 



a, coefficient of expansion ; k, thennal 
heat condutivity 

d.«„s,v.<y, = ; 

R, modulus of rigidity ; K, modulus of com- 
pressibility ; a, semi-thickness of glass. 
After the initial cooling, the rate is hx, where 




To~Tx 
20 


where Tx, new temperature in 0°C. ; To, 
original temp, in 0°C., and ho, initial cooling 
rate. 

Initial cooling rate in terms of thickness for 
pyrex glass 

■“ 3 2a* 


The whole of the glass should be maintained 
at a uniform temperature, higher than the 
annealing temperature, for a short time after 
which it is gradually cooled in the annealing 
chamber through about lOOX. at a rate not 
exceeding 20/f* degrees per minute ( where t 
is the wall thickness in mm. ) to take it below 
the strain point. A cooling rate of 100/f* 
degrees p)er minute should never be exceeded, 
the cooling being at as uniform a rate as 
possible. The rate of cooling . afterwards 
can be rapid as no strain is introduced after 
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this Stage, Table A gives the temperature 
ranges for some common types of glass. 


TABL£ A 


Type of class 


Lead glass 
Hard glass 
Soda-lime glass 


Annealing Strain Softening 

TEMP., TEMP., TEMP., 

X. X. X. 

425-485 389-308 126-630 

647-818 450-510 697-756 

510 475 696 


For lead glass, used by us, we have the 
following values : 

R = 0-0040 sq. cm./sec. 
a == 87X10/0X. 

B = 3-2 X 10 due to 1 kg./sq. cm. load 
K = 0*35 X 10 kg./sq. cm. 
k = 0-24 X 10 kg./sq. cm. 

C, as calculated according to the above 
formula, has the value 14- 85a*, where a is 
the semi-thickness of the glass. Therefore, 
the cooling rate per minute is : 

T AAT, 2-5 ,,, 

ffo— c — 14-85 X 0 0025 
According to the above formula, we have 
the following values for the type of lead glass 
used by us (Tables B and C). 


at 1,000X. when the internal pressure is great 
enough to eject barium vapour together with 
the molten metal and molten barium from 
the sheath. Sheaths of nickel, aluminium or 
iron may be used with equal advantage. 
This kind of getter. is widely used in large 
glass receiving tubes. Barium gives instead 
of a silvery, a dark deposit when it absorbs 
gas. For metal tubes, iron wire having a 
barium core is taken and a section of this is 
used as getter. Barium from the interior 
bursts out through the inner walls permitting 
the getter to deposit to the section of bulbs 
in a plane roughly parallel with the thin 
edge. 

(b) Barium Azide Getter — A nickel strip 
with a central hole is dipped into a concen- 
trated solution of barium nitrite in water 
and then allowed to dry. During the bake 
out, nitrogen is released at 150°C. and the 
remaining barium acts as a getter. This 
getter gives a dark deposit. Barium azide 
getter is not generally used for it is explosive 
and azide solution is poisonous. 

(c) Barium-magnesium & Barium-alu- 
minium Alloy — An alloy of barium may be 


TABLE B 


Temperature interval =» 2(J°C, 

Glass thickness 1 mm. Glass thickness 15 mm. 


Cooling rate, 

Time interval, 

Cooling rate. 

Time interval, 

X. 

sec. 

X. 

sec. 

«= 67-5 

17-4 

30 

89-6 

, =.101-25 

, 11 -64 

45 

26-6 

, =168-76 

7-20 

75 

160 

» =303 75 

3-70 

136 

8-8 

, =673-75 

2-04 

255 

4-7 

h, = 113-75 

1-02 

495 

2 4 


Glass thickness 2 0 mm. 


Cooling rate, 
X. 

16-8 

25-2 

420 

75-6 

142-8 

277-2 




Time interval, 
min. sec. 

1 12 
47-6 
28-5 
1.5-8 
8-4 
4-3 


TABLE G 

Glass thickness 2 5 mm. Glass thickness 5 mm. 


Cooling 

rate, ‘ 

Time interval, 

Cooling rate, 

Time interval, 

X. 


mill. sec. 

X. 

min. sec. 

ho - 

10-8 

1 48 

2 7 

7 24 

h„ - 

16-2 

1 14-4 

4 05 

4 54 

hoo = 

27 

44 

6 76 

2 54 

h«o "" 

48-6 

24-4 

1216 

1 86 

ho. « 

91-8 

13 

22-95 

62 2 

b|oo = 

178-2 

6-7 

44-55 

26-9 


APPENDIX E 

Types of Getters in Use in Radio Valves 

The following are the types of getters in 
corhmon use : 

(a) Co0>er-nickel-iron or Aluminium-dad 
Barium Outers — A stick of barium is worked 
into a wjjre by rolling or drawing. A 0-25'" 
length of this assembly is taken and used as 
getter. Vaporization of the getter occurs 


XX-- - t X_ Xl ^ • 

V., ^ O' 

vapour pressure of barium and magnesium. 
A large amount* of magnesium gets eva- 
porated before barium disperses. The alloy 
is stable in air if the barium content is 25 per 
cent. A serious disadvantage of this getter 
is that gettering by barium cannot be 
visually observed. 

A barium-aluminium alloy with 50 per 
cent barium can be used as getter with nickel 
or iron tubes. No aluminium is dispersed 
before barium and visual observation of 
gettering is possible. Barium-aluminium 
alloy has a flashing temperature of 700°- 
1,700°C. permitting the use of nickel-iron 
getter tabs. Magnesium may be mechani- 
cally mixed with barium-aluminium alloy 
or a mixture of barium-magnesium and 
barium-aluminium alloy m£^ be used, for it 
is advantageous to use magnesium as pre- 
cleaning agent. 
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20 40 CO 60 too 

%VOLTA6^ RATION 

P£AK input voltage per plate ( e max) 

Fig. 13 — Current ratio and voltage ratio 

CHARACTERISTICS OF FULL-WAVE RECTIFIER. 

(d) Alkali Metals — Because of their high 
vapour pressure, these metals are not 
suitable as getters in receiving tubes but are 
used in special tubes like caesium-vapour 
detector tube, photo tube, vapour lamps and 
gas discharge devices. 

(e) Batalum & Batalum Ribbon Getters — 
These are used in metal tubes. Tantalum 
wire is coated with barium and strontium 
carbonates which are converted into oxides 
at 1,000°-1,100X. and finally to metal 
vapour at 1,300X. The reaction is as 
follows : 

8 BaO + 2 Ta ► 5 Ba + Bag TagOg 

( Temperature of reaction is 1,300°-1,500X. ) 
Batalum ribbon getters consist of a tantalum 
strip with the middle portion formed into a 
channel. A barium compound with nitro- 
cellulose binder is filled into the channel 
on the concave side. The use of barium- 
baryllite removes the difficulty of decom- 
position of carbonate during exhaust. 

, (f) Misch Metal — It is a mixture of rare 

earth metals and contains much cearium 
and lanthanum and, in addition, a variable 
amount of sodium not exceeding 5 per cent. 
Misch metal is inferior to barium, since it 


becomes covered with a monomolecular film 
of oxide. It is now used in gas-filled regu- 
lators as an oxygen getter and as a means 
to maintain uniformity and magnitude of 
cathode fall during the life. 

APPENDIX F 

Method of Calculation of Voltage 
Regulation, Diode Impedances, 

Plate Dissipation, etc., of Type 80 

Full- wave Rectifier 

By voltage regulation characteristic of a 
rectifier circuit is meant the r ‘ationship 
between the output voltage and output 
current. Voltage regulation P is defined as 

Bno load -^full load p 

RinW load 

It should be noted that P depends on the 
external resistance induced in the circuit and 
the type of filter circuit. Studies were made 
for two standard type of filter circuits : 

(1) Condenser-input circuit (Fig. 14A),and 

(2) choke-input circuit (Fig. 14B). 


R 



Fig. 14A — Condenser-input rectifier cir- 
cuit. 


R 



Fig. 14B — Choke-input rectifier circuit. 
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For measurement of p, Sfun load was 
taken at the output current of 100 ma. 
in eqn. (1). 

For the measurement of peak diode 
current and valve impedances, the cases of 
the two filter circuits shall have to be treated 
differently. 

Fig. 14A shows the diagram of a condenser- 
input filter circuit. R represents the stray 
resistance induced in the circuit due to the 
input transformer. In this case plate current 
flows in short pulses during the period for 
which the A.C. applied voltage is positive at 
the plate in question and in excess of the D.C. 
output voltage. The value of equipment diode 
resistance, therefore, depends on whether 
we are analysing for peak diode current, 
average diode current, etc. Thus, peak diode 
resistance is given by 



wh^re ed is the peak diode voltage and Ip is 
the peak diode current. 

The average diode resistance is defined 
ed — - 

as = j- where ed and / are the average 

diode voltage and current during the con- 
duction period. 

R.m.s. diode resistance I Yd I is defined as 
the resistance in which the power loss due 
to a current having the same value of r.m.s. 
diode current is equal to the plate dissipation 
Wp of the diode. 

For all practical cases, the following 
relations hold within an accuracy of 5 per 
cent. 

?^=0-88r^=0-93 I.J 

To determine ? and Yd, we proceed as 
follows : 

It has been shown by Kauzmann that if 
the input condenser is assumed to be very 
large and the current pulses to be half sinu- 
soidal, the following relation holds : 


I A 180® 



where E is the D.C. output voltage and E 
the peak inverse voltage. 

The relation has been shown graphically 
in Fig. 13. From this curve / can be deter- 


mined if E and / are known. The value 

A 

of Yd can now be determined from the relation 

I ( R-\-Yd) + E^E. Knowing Yd, Td and I I 
can also* be calculated. 

Power dissipation per plate is given by 

WT^Wp-{^\EfIf 

where Wp = 0*84 I Yd I and Eflf ~ filament 
input power. 

Fig. 14B shows the diagram of a rectifier 
circuit using choke-input filter. Here again 
R represents the stray resistance due to the 
input transformer. It can be shown that 
provided 0‘9l£ 

Jy/2Aff 

where L — choke inductance in Henries, 
/ = the frequency of the input A.C. voltage, 
the diode current approximately consists of 
rectangular pulses ( except for a small first 
harmonic ripple at the top ) and flows over 
an entire half cycle of the applied voltage. 
For such a case it is clear that 

Yd^ lYdl = Yd{ say ) 

In our case for example E — 300 y/l 
/ = 50 
1 = 0-1 amp. 




0*91 x300 
300^ xO l 


^3// 


The value of inductance used was 25 H and 
hence the relation is applicable. 

Output current for a full- wave, choke- 
input rectifier, however, contains an appre- 
ciable portion of 1st harmonic of frequency 
2/. It m^y be shown that the peak diode 
current 


iJi + 0-471Ev/2 
AAfL 

No load output voltage is approximately 
given by 

09 1£ 

V2 

Hence for an output voltage E at load 
current I 


0-9l£ 

V2 




The total plate dissipation is given by 
Wr^Wp + Wf 

where 


\ A*PL*/ 
and Wf = filament input power. 
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Fretting Fatigue — Literature Report No. i 


GEORGE SACHS 

National Metallurgical Laboratory, C.S.LR., Jamshedpur 


F retting fatigue, also called rub- 
bing fatigue and chafing fatigue, 
is a particular type of fatigue failure, 
which is probably related to both 
notch fatigue and corrosion fatigue^’^. 
The main characterisitic of these types of 
fatigue is a combination of two factors, 
(a) the repeated loads or vibrations which 
define the load applications as fatigue or 
endurance and (b) a factor which reduces the 
fatigue strength and endurance limit obtained 
in the absence of this damaging factor. 

In the case of fretting fatigue, the 
damaging factor consists of a close contact 
between the part subject to vibration and 
another part which is either fitted on to 
the vibrating part or in gliding contact 
with it. The most important example 
of premature failure due to fretting fatigue 
is that of railway axles on to which the wheel 
has been press fitted on shrunk^*^®. Funda- 
mentally the same failure has been also 
observed on shafts^’^^ and on crank-pins^®'^®. 
Various types of joints differ from these 
fitted members, in that none or only a slight 
pressure is present during rest conditions ; 
however, the pressures resulting from the 
vibrations also cause fretting fatigue failures. 
The most important instance of such a joint 
is that between an aircraft propeller and 
its hub^'^®'^^-*®’^®. Other cases of this type 
are screws or bolts and nuts*® ®®, keyed 
joints®®, couplings®’, joints between wire 
or wire rope and clamps®®'®®, and attach- 
ments of springs*®’®^. Failures between glid- 
ing members are those of parts running in 
bearings®® and of gear teeth®®. Possible, the 


fatigue failures of the bearings themselves 
are also due to fretting fatigue. However, 
these will not be considered here. A large 
variety of fretting fatigue failures have been 
described by Thum and Wunderlich®®. 

Most observations on fretting fatigue 
relate to mild steel. However, most metals 
and alloys appear to be susceptible to a 
damaging effect by fretting. It has been 
found to be present in aluminium alloys^ ’^®’®® 
magnesium alloys^®-®®, copper alloys^'^®'®®, 
and stainless steels^. 

The type of fatigue failures observed at 
contact surfaces are obviously the same for 
contacts either in relative rest or in relative 
movement. This is proved by the fact 
that the laws of fretting fatigue failures 
have been established by extensive labora- 
tory tests^’^®’®’'®®’®®'^® which are predominant- 
ly of the type in which failure occurs at the 
contact between the rotating specimen 
and the bearing. 

The literature on fretting fatigue has 
been repeatedly abstracted and critically 
discussed®’^®*^®. 

The fatigue failure, under conditions 
where fretting is present, occurs in all ins- 
tances either at the edge of the contact 
area between the two contacting members 
or close to it but within the contact surface. 

The failure may occur in either one or 
in both contacting members. 

In many instances of fretting fatigue, 
the production of abrasive products has 
been observed This process is 

usually called bleeding ", the term being 
illustrative for the red colour of the abrasion 
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Fig. 1 — Diagrammatic representation of the 

RELATION BETWEEN FRETTING FATIGUE STRENGTH 
AND REGULAR FATIGUE STRENGTH FOR VARIOUS 
CONDITIONS OF AXIAL LOADING. 

products of steel. The absence of such 
abrasion products, however, is no proof 
that fretting does not occur and that the 
fatfgue strength is unaffected. 

The laws of fretting fatigue, as far as they 
have been recognized, are generally the 
same as those for notch fatigue and cor- 
rosion fatigue^. The mcst important of 
these laws are the following : 

(a) A damaging effect probably occurs 
only in the presence of applied tensions. 
On the contrary, it appears that fretting 
in the absence of ten.s,ions, i.e. in the presence 
of compressions only, would not adversely 
affect the fatigue strength. This is illus- 
trated schematically in Fig. 1. However, 
definite information in this respect does not 
seem to exist at present. The graph in Fig. 
1 illustrates that the fatigue strength is 
reduced less, the more the load condition 
changes from tensions only ( upper right 
quadrant ) to tension-compression, and that 
the damaging effect is nil in the range of 
compressions only (lower left quadrant). 

(b) The damaging effect for a given 
load application such as rotating bend- 
ing is highly dependent upon the material. 
For certain groups of materials such as 
aluminium jdloys, the fretting fatigue 
strength has been found, according to Fig. 
2, to be equal to the regular fatigue strength 
(determined for polished specimens ) if 
this value was very low. With increasing 
regular fatigue strength ( or tensile strength, 
or hardness ) , the effect of fretting becomes 
increasingly larger. This results in the 
iaet that for high strength alloys, the fatigue 


strength in presence of the damaging 
effect ( under conditions of either severe 
fretting, notching or corrosion ) is practical- 
ly independent of either the regular fatigue 
strength or the tensile strength. 

The fretting fatigue strength is also 
dependent, according to Fig. 2, upon the 
structural condition of an alloy, to a slight 
extent. Cast alloys are apparently more 
resistant than annealed which, in turn, 
are more resistant than either cold-worked 
or heat-treated alloys, on the basis of equal 
strength. 

(c) The damaging effect increases with 
increasing loads. As shown in Fig. 3, it 
becomes generally apparent only if the 
load range is sufficiently low to cause failure 
after a considerable number of cycles. 



Fig, 2 — Relation between fretting fatigue 

STRENGTH AND REGULAR FATIGUE STRENGTH FOR 
VARIOUS ALUMINIUM ALLOYS ( SaCHS-STEFAN^ ). 



Fig. 3 — Stress cycle curves for tests on 

FRETTING FATIGUE AND REGULAR FATIGUE OF A 
FGRUBD STEEL ( SACHS-STEFAN^ ). 
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Fig. 4 — Effect of surface rolling on the 
FRETTING FATIGUE STRENGTH OF S.A.E. 1045 
STEEL AXLES ( BUCKWALTER-HORGER^ ). 
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Fig. 5 — Stress-cycle curves for regular 

FATIGUE for FRETTING FATIGUE AND FOR FRETTING 
FATIGUE OF SURFACE ROLLED SPECIMENS OF A 
MAGNESIUM ALLOY ( BoWDEN AND RIDLER®® ). 



anywhere above 10,000 cycles at least. 
Furthermore, as shown in Fig. 3, stress- 
cycle curves indicate that no true fretting 
endurance limit exists, the value of the 
fatigue strength steadily decreasing with 
increasing number of cycles. 

(d) Certain mechanical and thermal treat- 
ments eliminate the greatest portion of the 
damaging effects. 

The mechanical treatments used to thus 
improve the life of parts, particularly of 
railroad axles, are surface rolling with one 
Qr several polished rolls, ^nd peen- 
ing or shot-blasting*' The effects of 
such a treatment is illustrated in Figs. 4 
and 5. The improvement resulting from 
such processes depends upon the processing 


conditions such as the roll size and rolling 
pressure in surface rolling®' *1, as shown in 
Fig.6, or the shot-size and pressure in shot- 
blasting®®. 

By flame hardening the contact surface, 
an improvement similar to that obtained 
by mechanical treatments can be achiev- 
ed’'*'®7. 

It appears that these beneficial effects are 
only attributable to a minor extent to a 
structural improvement of the material. 
The major portion of the improvement is 
explained by the introduction of compress- 
ive surface stresses by either the chanical 
or the thermal treatments'^ which pre- 
vent tensile stresses to develop during the 
vibrations. The relation between the magni- 



ROUiMC miSlURt IH Ik. CkPItSICD AS nVUTirU-S OF (OlAMOCR) 

Fig. 6 — Effect of roll pressure on the 

FRETTING FATIGUE STRENGTH OF SURFACE ROLLED, 
S.A.E. 1045 STEEL AXLES OF VARIOUS SECTION 
SIZES ( vSachs-Stefan^ ). 
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Fig. 7 — Relation between fretting fatigue 
STRENGTH AND RESIDUAL STRESSES OF 0*4 TO 0*5 
PER CENT CARBON STEELS ACCORDING tO TESTS BY 
HoRGER AND NeIFERT^^. 
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Fig. 8 — The effect of clamping pressure on 

THE FATIGUE STRENGTH OF CANTILEVER TYPE 
STBEL SPECIMENS ( ThUM AND WuNDERLlCH®* ). 


tude of such stresses and fretting fatigue 
strength is illustrated in Fig. 7. 

Thin, soft inserts between and coatings 
of one of the contact surfaces also increase 
the fretting fatigue strength*'*®^. 

The analogy between fretting fatigue 
and notch fatigue has been also confirmed 
by photo-elastic studies of contacting 
parts^^'**. These show that the stress dis- 
tribution in a loaded press-fitted part is 
nearly the same as that in a single piece 
of the same overall shape. 

This explains that the fatigue strength 
of press-fitted parts can be raised by stress- 
relieving measures similar to those applied 
to notched ( filletted ) parts. 

However, the fatigue strength of press 
fitted parts is considerably dependent 
upon the pressure initially present in the 
press fit®’, as illustrated in Fig. 8. 
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Non-Technical Notes 


WATER-DETECTING COMPOSITION 

Water-detecting compositions are em- 
ployed to determine the depth of water layer 
in storage tanks or containers of petrol or 
vegetable or mineral oils. Hitherto such 
compositions were imported, but during 
the war, at the instance of the Defence 
Department, a satisfactory composition 
was evolved by the Council of Scientific & 
Industrial Research. 

It has now been decided to make the 
formula available for civilian use. Consi- 
dering that millions of oil containers of 
various types are used in the country every 
year, the use of this composition should 
be of great help in rapidly detecting the 
amount of water added to vegetable and 
mineral oils. 

The composition is used by smearing 
it thinly on the lower portion of an immersion 
rod which is then dipped to touch the bottom 
of the oil container. The depth of the 
water layer in the container is indicated 
by the height of the smeared portion up to 
which colour change has occurred. 

The composition is easily prepared by 
mixing suitable proportions of chemicals 
with necessary fillers, plasticizers, gum or 
resins, etc. Since the composition changes 
colour from light blue to pink red on contact 
with water or exposure to moisture, a close 
control of humidity during manufacture 
is necessary to obtain a satisfactory com- 
position. The composition is packed in 
metallic collapsible tubes to ensure pro- 
tection from deterioration by absorption 
of moisture from the atmosphere. 


The principal equipment and laboratory 
apparatus required with their approximate 
costs are given below : 


Rs. 

Edge runner mill with motor, etc., 5,000/- 

( pan dia. 26"^ ) 1 unit 

Tube filling machine with kettle, 1,000/- 

5 litre, 2 units 

Laboratory equipment and apparatus 5,000/- 
Dehumidifier and auxiliary equipment 4,000/- 


All items of the plant and chemicals and 
other raw materials are easily available 
in India from imports or from indigenous 
sources. 

Floor Space — 

Mixing rooms, laboratory, etc. 


Two rooms 

: 16'xl6' 

each 

512 

sq. ft. 

99 

Office : one 

room 16' 

xl6' 

256 





•• 

Cost of Manufacture — 








Rs. 

Hydrotropic substance 

( 1 lb.) 


25/- 

Filler 


(10 lb.) 


5/- 

Gum 


( 1 lb.) 


1/8/- 

Plasticizer 


( li lb.) 


10/8/- 



13i lb. 


42/- 


Collapsible tubes, tin clad, capacity 19/4/- 
2 fluid oz. each, @ Rs. 175/14/- per 
thousand, 108 in number 
Manufacturing cost at 40 per cent of 24/6/- 

the cost of materials 

Cost per dozen tubes containing 2 fluid 9/8/3 
oz. each of the material 
Or net cost of 1 lb. of material inclusive 6/6/- 
of packing 

Demand for this material is likely to be 
confined to specialized trade, but the cost 
of manufacture is low enough to justify its 
manufacture being taken up. 



REVIEWS 


Principles of Radar, by Denis Taylor & 
C» H. Westcott ( University Press, Cam- 
bridge), 1948, pp. 141. Price 12s. fd. 

This is the first volume in the series 
of ** Modern Radio Technique '' prepared 
under the g^eneral ^torship of Dr. J. A. 
Ratcliffe. The present volume will be most 
welcome to that large number of physicists, 
mathematicians and engineers who are 
interested in radar but whose equipment 
extends only to the fundamental principles 
of radio physics and technique. The volume 
would also be of interest to advanced stu- 
dents in providing them a getneral survey of 
the subject of radar as a whole. 

A brief historical introduction is provided 
in the opening chapter. Following Appleton 
and Watson-Watt, a radar is defined as ** a 
system for measuring at least two of the 
co-ordinates whioh define the position of an 
object with respect to the observer : one of 
these co-ordinates is the distance between 
them and is inferred directly from the time 
of travel of a radio wave travelling by the 
shortest path between them ( Readers 
interested more in the history of radar 
development will lind a fascinating account 
in Rowe's One Story of Radar.) The im- 
portance of radar in peace and war has been 
widely recognized. Its contribution during 
the battle of Britain was most outstanding. 

The second chapter deals with the gene- 
ration and reception of pulse-modulated 
signals. It describes in a schematic way the 
magnetron, Fourier decomposition of a pulse- 
modulated signal, and the noise factor in a 
receiver. The performance of a radar 
equipment is described in chapter 3. The 
determination of range and azimuth are 
dealt with, respectively, in the next two 
chapters, and the determination of an ele- 
vation is described in chapter 6. Chapter 7 
is concerned with two-dimensional scanning 
and air-interception radars. The separation 
of sea and CTOund clutter is discussed in chap- 
ter 8. There is also provided an inter- 
esting but all too brief discussion of the 
principles to be used for supressing response 
from stationary targets. Hectrical charac- 
teristics bt some typical radar equipment are 
dealt with in chapter 9 and the last-chapter 


is concerned with I.F.F. and other secondary 
radar systems. 

There are two appendices, one on symbols 
and standard formulae, and the other on 
the calculation of absorbing, scattering and 
echoing areas. 

Recently there have appeared a large 
number of books on radar, but for any one 
who has little previous knowledge of the 
subject and who desires an elementary but 
serious introduction to it, the present book 
can be unreservedly recommended as one 
of the best available. 

D. S. K. 

Engineering with Rubber, by Walter E. 

Burton ( McGraw-Hill Book Company 

Inc., New York ), 1949, pp. xi4-486. 

Price $ 6.50. 

When a man sets up to build a new 
product ", the author goes on to say in the 
preface, " he may decide that some rubber 
parts are needed." For the sake of one not 
familiar with the science of rubber and poten- 
tialities of this material, the author in colla- 
boration with the B. F. Goodrich Company, 
Akron, Ohio, has gathered material for the 
present book and it deals with " industrial 
rubber ^products and their applications". 
The booK is divided into twenty-four chap- 
ters, of which the first two deal with various 
types of rubber, both natural and synthetic, 
and their fundamental properties. From 
rubber, the technologist fabricates myriads 
of products : adhesives, V-belts, transmission 
and conveyer belts, hard rubber goods, 
mountings, sponges, latex products, moulded 
rubber articles, etc. Rubber can be used 
alone or in association with fibre, fabric or 
metal, and the author, in the course of next 
twenty chapters, goes into considerable detail 
with regard to the product design and per- 
formance of these. One complete chapter is 
devoted to the use of vinyl chloride which 
has a place of its own in " engineering with 
elastomers". Strictly speaking, it should 
not come under the heading rubber, for it is 
classified under non-vulcanizable elastomers. 
The book ends with a chapter on case his- 
tories where the use of rubber helped in the 
solution of a particular design or production 
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problem and the author has conclusively 
shown that in skilled hands, rubber, like 
metals, is a trustworthy engineering material. 

Rubber consumption statistics show that 
over 75 per cent of the world’s production 
goes into the manufacture of tyres and tubes. 
Modern tyre is the result of painstaking 
research and development in the fields of 
textiles, chemicals and rubber, combined 
with a study of numerous other physical and 
engineering problems like rubber-metal-tex- 
tile bonding, heat development on flexing, 
abrasion, fatigue, etc. It is surprising that 
no reference to this important subject is 
made in this book. The subject of tyre ” 
is big enough to be able to cover a whole 
volume and it is hoped that this omission 
will be rectified in later volumes. 

There are a few inaccuracies to which 
attention may be drawn. It is stated ( p. 9 ) 
that methyl rubber was first made around 
1912 in Germany and U.S.A. While it is 
recognized that Germans, when cut off from 
all the sources of raw rubber during the first 
world war, developed the synthetic rubber 
called theSnethyl rubber, no such elastomer 
was made at that time by U.S.A. Again, it 
has been mentioned ( p. 47 ) that the cements 
made of synthetic rubber are satisfactory 
for several purposes : now G.R.S. is parti- 
cularly known for its lack of tackiness " 
and a familiar practice is to give a coat of 
cement made from guayule rubber when it 
is desired to cement tread and carcass in 
the case of tyre made from synthetic rubber. 
The derivation of formula for centre dis- 
tances in the case of pulleys worked with 
V-belts ( p. 94 ) appears to be wrong. The 
correct derivation should be : 

L-l-57(D+d) - 
C= 2 

The formula for the horse-power capacity 
of transmission belting should, instead of as 
given in the book ( p. 126 ), be preferably 
expressed as : 

SWP(T,^T,) 

33000 

where T^ and Tg are the tensions on the 
tight side and the slack side of the belt 
respectively. 

Throughout the book, the synthetic rubbers 
have been referred to as American rubbers or 
American made rubber. For want of a 
satisfactory definition, the materials devel- 
oped sjmthetically to replace natural rubber 


have been variously referred to as Butalastic 
elastomers, Butaprenes or more simply as 
synthetic rubbers, and to call these materials 
American rubbers ” would be tantamount 
to ignoring the pioneering and brilliant work 
of British, Russian and German scientists 
which lies behind the successful manu- 
facture of synthetic rubbers of various types 
today. 

These few drawbacks, however, do not 
take away the merits of the book. A strong 
case has been made out for the intelligent 
use of rubber and the presep^ reviewer 
agrees with the author when he says that the 
customer who proposes to employ rubber 
should tell the manufacturer what the 
product is expected to do and not lo specify 
the composition ( p. 41 ). An almost in- 
finite combination of properties is possible 
by an analysis and summing up of the service 
requirements and the technologist can evolve 
a satisfactory product. The technologist 
in turn can look up to the pure scientist for 
giving him elastomers capable of better 
performance and possessing properties hither- 
to unthought of. 

M. R. Verma 

The Application of Ionospheric Data to 
Radio-Communication, by Sir Edward 
Appleton & W. J. G. Beynon ( published 
by the Department of Scientific & Indus- 
trial Research, England ), Special Report 
No. 18, 1948, pp. 44. Price Is. 

As THE NAME IMPLIES, THE BROCHURE DES- 
cribes methods by which ionospheric labora- 
tory data may be utilized for deriving 
characteristics of long-distance radio wave 
propagation. It is assumed that the reader 
has the ground knowledge of the ionosphere 
propagation phenomena. The results are 
described in a manner in which they can be 
used by the radio engineer. 

A parabolic distribution of ionization with 
height is assumed and it is shown how, from 
a knowledge of the height of maximum ioni- 
zation and thickness of the parabolic layer, 
one can estimate the maximum usable 
frequency for long-distance radio communi- 
cation. 

The book contains mainly the works of the 
authors on the subject that appeared in 
Proceedings Physical Society [( 1944, 1947 ) 
and in some confidential papers having 
restricted circulation during the war. The 
principles detailed in this book form the 
basis of forecast of ionospheric propagation. 
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conditions which are computed monthly by 
the Radio Research Station, Slough. 

S. S. Baral 

Microwave Transmission Circuits, edited 

by G. L. Ragan ( McGraw-Hill Book Co. 

Inc., New York), 1948, pp. xvii-f-725. 

Price $8.50. 

The volume, which is No. 9 of the 
''Radiation Laboratory Series'*, deals with 
the theory and practice of coaxial cables 
and wave-guides used in the propagation 
of microwaves. Seven authors who worked 
in the M.I.T. Radiation Laboratory have 
contributed to it under the heads : Elemen- 
tary Line Theory ; Materials and Construc- 
tional Techniques ; Rigid Transmission Lines ; 
Flexible Coupling Units and Lines ; Trans- 
mission Units ( between coaxials and wave- 
guides ) ; Motional Joints, Tuners, Power 
Dividers and Switches, Theory of Microwave 
Filters, and Design of Microwave Filters. 

On account of the outward appearance of 
these circuits they are popularly called 
"plumbing". Their design is of interest 
not only to the microwave engineer but 
also to the physicist and the optical and 
audio engineers. This is so because at 
these frequencies, the cross-section of the 
circuits is comparable to the wavelength 
and diffraction and other wave phenomena 
become increasingly important. The com- 
ponents have to be machined to a much 
higher precision than is necessary at ordinary 
radio frequencies and to facilitate this the 
dimensions of the various components are 
given in inches correct to a thousandth of 
an inch. 

Although the earlier volume. No 8, of the 
series, entitled Principles of Microwave 
Circuits, covers the theoretical aspects of 
the object, a certain amount of repetition 
has become inevitable in the present volume 
for the sake of completeness. The chapter 
on theory of microwave filters covers 
aspects applicable to low frequency waves 
also and it is followed by a chapter dealing 
comprehensively with the design of micro- 
wave filters. " The theory and techniques 
described in these two chapters ", it has been 
stated, " came too late to play a signifi- 
cant r61e in the war, but they should prove ex- 
tremely useful in peace-time applications." 
The term " microwave " is. as vague as 
ever. For example, Vol. 11 on " Micro- 
wave Measurements" defines* microwaves 
as extending from 1 mc./sec. In Vok 8 the 


word microwave does not necessarily imply 
a particular range of frequencies, but " a 
characteristic technique and aperture field ", 
In the present volume, the term "microwave" 
may be assumed to include all frequencies 
greater than 1,000 mc./sec., but it has been 
specifically stated that the circuits described 
operate in the range from 2,500 to 25,000 
mc./sec. In conformity with other volumes 
of the series, mks units are used throughout 
the book, except where specifically indi- 
cated ; the text matter is well illustrated. 
The volume is beautifully got up, and is 
a monumental contribution to the rapidly 
growing literature on microwaves. 

B. N. Singh 

Research in Industry, published by the 

Department of Scientific Research & Board 

of Trade, U.K. ( H.M.S. Office, London ), 

1948, pp. 84. Price Is. 6d. 

This booklet contains a series of 
articles written by accepted and well-known 
authorities in various fields of technology. 
These articles were originally published in 
the Board of Trade Journal, U.K., during 
1947-48 and they have now been compiled 
into a single publication. 

The first contribution is by Sir Edward 
Appleton on " How vScience can help 
Industry". The other 18 articles relate to 
the research work carried out in various 
research institutions in Britain in the 
following subjects : cotton, glass, wool, 
rayon, pottery, iron and steel, electronics, 
lace, linen, boots and shoes, paint, furniture, 
the electrical industry and consumer goods, 
plastics, machine tools and small tools, 
light engineering, industrial design and 
radar. The articles give a brief but com- 
plete account of the outstanding researches 
carried out at these institutions. 

The subject-matter under each head 
gives a brief account of the progress of 
research in the several branches of 
technology and the present trends and 
needs. One important feature noticeable 
in all these articles is the valuable contri- 
bution made by industrial research associa- 
tions in the country which play so important 
a part in the progress of the technological 
research. 

The pamphlet contains, in addition, 2 
appendices, one detailing the establish- 
ments under the Department of Scientific 
Research, U.K., and the ^ other is a list 
of industrial research institutions in Britain, 



Stablization of Plant Names* 


V. S. RAO 

Council of Scientific & Industrial Research, Delhi 


A ny complaint against frequent changes 
in plant names is usually brushed 
aside by some as due to ignorance of 
the International Rules of Botanical 
Nomenclature, or a misunderstanding or a 
misinterpretation of those Rules, or due to 
a lack of experience in herbarium and 
taxonomic work. 

The review of Kanjilal’s Flora of Assam 
published in Kew Bulletin ( 1935, p. 586 ) 
illustrates the present position. The reviewer 
points out It is to be regretted that the 
nomenclature is not up-to-date . . . Camellia 
theifera Griff. ( should be ) Thea sinensis L. 
Bombax malabaricum DC. is more correctly 
Gossampinus malabarica ( DC.) Alston . . . 
Taraktogenos has been sunk in the genus 
Hydnocarpus though there are quite ade- 
quate reasons for keeping the two distinct." 
It is amusing to find that in the International 
Rules of Botanical Nomenclature edited by 
Camp and others ( 1947 ), Camellia is given 
with reasons as the correct name and not 
Thea ; and C. sinensis appears as the correct 
name in Sampson’s Cultivated Crop Plants of 
the British Empire ( published by Kew 
itself in 1936, just a year after publishing 
Camellia as a wrong name ), and in Rehder’s 
Manual of Cultivated Trees and Shrubs 
(1940). Most authorities now agree that 
the correct name for Bombax malabaricum is 
not Gossampinus malabarica but Salmalia 
malabarica. And Taraktogenos is sunk in 
synonymy in Burkill’s Dictionary of Economic 
Products of the Malay Peninsula ( 1935 ), 
Hill’s Economic Botany ( 1937 ) and many 
other publications. This shows what " up- 
to-date " means ! 

As contrasted with reviews which express 
regret at not finding the latest names ( cor- 
rect according to the opinion of a reviewer, 
but may not be so in the view of others ) 
in publications, there is a very recent review 
of the 3rd edition ( 1948 ) of Dallimore 
and Jackson’s Handbook of Coniferae, by 
W. L. T. in Science Progress.^ It reads : 
" In this edition, the old familiar specific 
names have been changed to comply with 
* 1949, 37, 378. 

* See also /. Set. Ind, Res„ 1949, 8, 163. 


International Rules : thus, Larix europea 
becomes L. decidua and Pseudotsuga Douglasii 
is changed to P. taxifolia. Some will feel 
regret at this surrender to orthodoxy, 
especially because it is undesirable that the 
nomenclature of species of econc lie value 
should be at the mercy of arbitrary regula- 
tions, and because under the Rules the 
decisions of taxonomists must always re- 
main liable to possible further revisions.’’ 

Experiences of the following type, quoted 
from the first issue of Flora Malesiana ( Ser. 
I, Vol. 4, Pt. I, 1948, XVIII ), are only too 
common when similar attempts are made 
to obtain authoritative opinion about the 
valid name for a plant. " A Clausena of 
unknown origin was cultivated for economic 
purposes at Buitenzorg. I referred it to 
Clausena anisum-olens ( Blco ) Merr. but 
the phytochemist was dissatisfied, the pro- 
perties of the oil did not tally with data 
recorded from the same species in the 
Philippines. I then sent ample material 
with full notes to Dr. Tanaka, Dr. Swingle, 
and to the Kew and Paris Herbaria, for 
identification. The answers were all different 
and the phytochemist was, of course, dis- 
gusted with the practical results of taxo- 
nomy, because now he had the choice among 
5 names for his plant.’’ 

The proceedings of the last International 
Botanical Congress, the papers of Furtado 
and others published some years back in 
Gardens Bulletin, Straits Settlements, and 
the recent symposium on plant nomen- 
clature ( which was arranged in view of the 
forthcoming International Botanical Con- 
gress, and published in Amer. Journ. Bot., 
1949 ) illustrate the defects in our Rules 
and nomenclature. The International Rules 
of Botanical Nomenclature are undoubtedly 
made to bring about stability of plant 
names. But if confusion prevails, appa- 
rently on an increasing scale, in spite of the 
Rules, and names published as correct by 
individual botanists are later shown to be 
wrong, it is time to review our “ Rules " 
as well as our approach to the problem. 
The proof of the efficacy of tfie Rules is 
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{);ciblii^tion$ (d experts 
wbd wtjfked oig h^barium centres, 
asdiotlowed tite Rules of Nomenclature in 
determining tlie correct name of a plant. 

BntkiU, for his Dictionary of Economic 
Products of the Malay Peninsula ( 1935 ), and 
Sampson, for his CuUivaied Crop Plants of the 
British Empire ( 1936 ), utilized to the fullest 
extent the resources of the Royal Botanic 
Gardens, Kew, and both are avowed followers 
of the International Rules. But it is 
surprising to find that for a very large 
number of plants, different names are given 
as valid by them. A comparison of Hill's 
standard work on Economic Botany ( 1937 ) 
and '^oWdJid's Overseas Plant Products ( 1937 ) 
shows a similar deplorable difference. In 
many cases, the valid name of one is the 
invalid name of the other ! Both of them 
cannot be correct. Both these authors are 
also followers of the International Rules 
and, like Burkill and Sampson, very careful 
workers. Then why this difference ? ^ Who 
is correct and for which name ? Or compare 
again the names given by Reeder in his 
monograph on Grasses of New Guinea 
{ Journ. Arnold Arboretum, 1948 ) with those 
given by Bor, an acknowledged authority 
on Indian grasses, in Vol. V of the Flora of 
Assam ( 1940), Reeder has revived a 
number of old synonyms to validity, and 
reduced the valid names in Bor's work to 
synonymy. Or, compare some of the names 
given in Official Guide to the Museums of 
Economic Botany, No. 1, Kew ( 1930), with 
those in Hand-list of Tender Dicotyledons, 
Royal Botanic Gardens, Kew ( 1931 ) ; or 
the names in Sampson's book with those 
given in Hill’s. These are just a few exam- 
ples to indicate that, at present, stability 


or uniformity in plant nomenclature is a 
myth. It shows that something is funda- 
mentally wrong with the approach to 
the nomenclatural problem. It is the 
realization of this utter confusion, attended 
with too many and too frequent changes, 
that prompted the International Botanical 
Congress to appoint a committee to draw 
up a list of economic plant names which is 
to remain in force for a period of 10 
years. 

I wish to make it clear that examples can 
obviously be given from the writings of 
systematic and economic botanists. It is 
in the nature of things and the present 
state of the subject that discrepancies in 
nomenclature occur, in spite of the best 
efforts of writers to find out correct names. 
The examples given do not reflect anything 
on the writers but merely indicate that there 
is an urgent need to stabilize plant names by 
some means or other. Let wrong names be 
changed, by all means ; but let the change 
be to the correct one, and not to another 
wrong name. Rehder's article on Names 
and Nomenclature in Bailey's Standard 
Cyclopaedia of Horticulture contains the 
following emphatic statement : 

Whenever all botanists of authority 
agree upon a set of changes, the horticulturists 
should of course adopt them ; but a cyclo- 
paedia of this kind is not under obligation 
to be ' up-to-date ' in respect to recent 
changes that may represent only individual 
opinion, or which are likely to be overturned 
or at least not adopted by other botanists 
of standing. So far as possible a cyclopaedia 
of horticulture should represent settled 
practices. This work, therefore, adopts a 
conservative attitude in nomenclature." 




Silk Production & Weaving in India^ 


T he monograph, Silk Production 6- Weaving 
in India, just published by the Council 
of Scientific S* Industrial Research, 
is a comprehensive treatise dealing in 
detail all aspects of Indian silk industry 
as it exists today. The subject-matter is distribut- 
ed over 1 1 parts, each part giving a brief but a 
complete account of the subject under its head. 
The monograph contains 2 important appendices, 
one dealing with how Japan developed her silk 
industry and the second refers to lines of research in 
sericulture, both of which are of special interest to 
research workers and may be read with much profit. 

Part I of the monograph is in the nature of a 
general survey of silk industry and its requirements. 
Of interest to the reader and to one interested 
in silk industry are the short accounts under the 
following heads : the present state of silk industry 
in India, essentials of a successful silk industry and 
the future of silk products. The next 5 parts 
deal with mulberry, silk-worm, rearing of silk- 
worm, reeling and raw silk. Part VII deals with 
by-products of silk industry. All aspects of eri, 
muga and tasar silks and the lines on which 
research is necessary under each head are given 
in the next 3 part^. The last part under the title 
" Silk Weaving and Other Manufactures ” deals with 
variety of subject such as raw materials in weaving, 
looms, types of manufacture and manufacturing 
processes, standardization of silk fabrics in Japan ; 
production of standardized silk fabrics in India, 
etc. No aspect of silk and silk industry is omitted 
from this exhaustive monograph. Its value is 
apparent from the fact that the author has col- 
lected valuable factual data province by province 
and state by state to present a very clear picture 
of the future possibilities of the industry. The 
indigenous methods of silk-worm cultivation and 
silk production have been critically compared to 
the conditions obtaining in countries like Japan 
where silk industry has almost reached perfection. 
Fully illustrated with 90 useful and informative 
drawings, and reference tables containing exhaustive 
statistics on every aspect of silk industry, the 
publication is sure to be a valuable addition to the 
libraries of all technological institutions. 

Of the research aspects dealt with in the mono- 
graph, the following invite attention : 

Eri Silk — Castor is the staple feeding material 
for the eri silk-worm. There are many indigenous 
varieties of castor and selection of suitable varieties 
with respect to their growth, yield and food value 
of the leaves, effect of soil and climatic conditions 
and yield of seed has to be made. Heteropanax 
fragrans ( kesere ) has to be tried for its suitability 
as a food plant. Diseases of the worm in relation 
to climate and food and a study of the worm with 
a view to have the best cocoons are the other prob- 
lems to be investigated. 

Muga Silk — Investigations are to be initiated 
on the following : to. find out if there is more 
than one species of muga worm ; relative values of 
known food plants of the worm ; experimental 
cultivation of sum and hualu on a plantation basis, 
occurrence and investigation into causes of fiacherie 
and grasserie diseases in the worm ; the worm 


produces creamy -white coloured silk when grown on 
meazankuri and champa unlike the common golden - 
coloured silk when fed on sum and hualu. The for- 
mer fetches high prices and investigation into the 
fact that age of trees as well as the quality of leaves 
influence the type of silk produced can be taken up 
with profit : there is considerable scope for improve- 
ment in the reeling process of muga cocoons ; a 
process for giving twist to the yarn as it is reeled 
has to be developed ; methods for easy rearing and 
increasing the yield of silk have to be developed. 

Tasar Silk — A systematic study of ’ 'le various 
types of tasar silk-worms has to be undertaken to 
enable easy identification of the varieties. Methods 
to bring about mating of the worms under domesti- 
cated conditions have to be developed. Dif- 
ficulties encountered in rearing of the woims could 
be minimized if steps are taken to characterize, 
isolate and supply seed cocoons of definite voltine 
characters. Cultivation of muga worm on a planta- 
tion basis using asan, arjun and sal plants has to 
be tried on a field scale. Reeling of tasar cocoons 
needs investigation in order to evolve suitable 
machinery and methods on the same lines as in the 
case of muga silk. 

Research in Sericulture — There has been hardly 
any research on sericulture in India though its 
necessity has been felt and stray attempts have 
been made. It has not been possible to date to 
acclimatize foreign mulberry varieties to conditions 
obtaining in silk-producing areas in the country. 
Cocoons produced in Bengal are of a poor grade 
and intensive research is necessary to improve their 
quality. Kashmir imports univoltine French eggs ; 
attempts to produce them locally have failed. 
Development of hybrid races have helped Mysore 
silk sericulturists to obtain better cocoons. Work 
on this line has to be extended to other centres. 

The main lines of research on mulberry, silk- 
worms, diseases of silk-worms are : 

Mulberry — Selection of varieties after a syste- 
matic study of indigenous and foreign varieties ; 
study of the various varieties with special reference 
to chromosome number, biochemical aspects, 
draught resistance and genitical studies with 
reference to inheritance characters ; study of soils 
in relation to the growth and health of mulberry ; 
and physiology of mulberry plants. 

Silk-worms — Acclimatization of suitable univol- 
tine worms in India; hybridization to secure improv- 
ed cocoons ; genetical studies, physiology and relation 
of the life of the worm to climatic conditions ; rearing 
of cocoons having high silk content and high reel- 
ability index and minimum boil-off loss ; the unifor- 
mity of the cocoons is a very important factor in 
obtaining the above results ; analysis of silk fibre from 
different races ; physical studies of the silk fibre 
and development of economical methods of rearing. 

Diseases of Silk-worms — The physiological diseases 
of silk worms, viz. fiacherie, grasserie, gattine and 
court are not properly understood and require inves- 
tigation. A useful lead can be had from the fact that 
these diseases are primarily due to disturbances in 
the metabolic or normal physiological functions of 
the worm by climatic factors and through deficiency 
or excess of certain elements in its food. 


* Silk Production 6* Weaving in India, by C. C. Ghosh, C. S I R., Monograph, 1949. Price Rs. 8. 



NOTES & NEWS 


Chloromycetin Synthesis 

The structure and synthesis 
of Chloromycetin have been re- 
cently described in a series of 
papers originating from the labo- 
ratories of Parhe, Davis & Co, 
(Nature, 1949, 163, 553 ). The 
empirical formula, 
has been assigned to it and it is 
shown to form a di-O-acetyl com- 
pound. Acid or alkaline hydro- 
lysis produces a halogen-free 
base and a halogen-containing 
acid. The base contains both 
nitrogen atoms, one of which is 
present as a primary amine. 
Chloromycetin is described 
as (ly^A-para nitrophenyl-2-di- 
chloro acetamido propane-1 : 3- 
diol and has the following struc- 
ture : 

NO, 

0 

CHOH 

(!h. NH. COCHCl, 
(!h,OH 

[ (/)— form ] > 

The molecule contains 2 asym- 
metrical carbon atoms and only 
1 of the isomers is identical with 
the natural compound and the 
other 3 are biologically in- 
active. The synthetic Chloromy- 
cetin appears to possess the same 
rickettsiostatic and virustatic pro- 
perties in experimental infections 
and the same usefulness in treat- 
ing patients with scrub typhus. 

Synthesis of 

^-Aminosalicylic Acid 

A NEW SYNTHESIS FOR ^-AMINO- 
salicylic acid, a drug which has 
potential application in the treat- 
ment of tuberculosis, has been 
developed at the Research Labora- 
tories of Hoffmann-La Roche, Inc., 
New Jersey ( Phar. Assoc., Scienti- 
fic Ed., 1949, 9, 38 ). 4-nitro-2- 
chlorobenzoic acid is the key inter- 
mediate. 4-nitro-2-^minotoluene is 
converted to 4-nitro-2-chlorotolu- 
ene by the ^Sandmeyer reaction. 
This latter compound is oxidized 


to 4-nitro-2-chlorobenzoic acid by 
an improved procedure using 80 
per cent sulphuric acid and potas- 
sium dichromate. The action of 
carbonate-free calcium hydroxide 
on this chloracid yielded 4-nitro- 
salicylic acid and gave /)-amino- 
salicylic acid with an over-all yield 
of about 40 per cent when reduced 
with stannous chloride in concen- 
trated hydrochloric acid. 

High-pressure 

Acetylene Chemistry 

The first pilot plant in the 
U.S. A. for the manufacture of ace- 
tylene derivatives, employing high 
temperatures and pressures, which 
not many years ago were consider- 
ed to be impracticable and hazar- 
dous, has been put into operation 
by the General Aniline Co. ( Chem. 
Age, 1949, 60, 625). It re- 
presents the first development 
employment in the U.S. A., with 
considerable amplification, of the 
principles originally developed by 
the I. G. Farbenindusirie chemist. 
Dr. J. Walter Rappe. With this 
development, a new field of 
organic synthesis has opened up 
which should prove full of pos- 
sibilities in the manufacture of 
adhesives, pharmaceuticals, paper, 
rubber, textiles, etc. 

By making use of Rappe’s 
discovery that acetylene could be 
handled under pressure and at 
elevated temperature if the gas 
streams were divided into smaller 
flowing streams, it was possible to 
increase the use of acetylene as a 
chemical raw material. New pro- 
ducts from this source that now 
appear to be readily available and 
of considerable potential industrial 
use are vinyl, ethers, butynediol, 
propargyl alcohol, and many 
others. Preliminary studies show- 
ed that from these intermediates 
int^esting resins, adhesives and 
rubber-like polymers could be 
made. 

The technique' permitting the 
safe use of acetylene under high 
pressures consists of 2 methods, 
one involving the dilution of ace- 
tylene with an inert gas and the 
other wherein acetylene was re- 
acted in small-bore equipment 
providing a minimum of free 
space for gases to collect. In its 
new plant in the General A niline 
Co., extensive instrumentation 


with remote controls has reduc- 
ed the explosion hazard to a 
minimum. 

Vinylation and ethylenation are 
2 processes employed in the 
synthesis work. The vinylation 
products include methyl, ethyl, 
butyl, and iso-butyl vinyl ethers. 
The new technique of diluting 
acetylene with an inert gas has 
been employed in order to carry 
out reactions with low-boiling 
alcohols. 

Condensation of formaldehyde 
and acetylene was carried out 
using acetylene under high pres- 
sure and temperature and em- 
ploying a most unusual catalyst, 
copper acetylide ; propargyl alco- 
hol and butanediol were some 
of the products of this ethylena- 
tion. Special equipment and 
techniques are employed in this 
process as the dilution method 
was not suitable. 


Chrome- yellow Manufacture 

Continuous processes for the 
manufacture of chrome yellow and 
molybdate orange and a semi- 
continuous process for manu- 
facture of zinc yellow have been 
recently developed at E.I. du Pont 
(C.T.J., 1949, 124, 425). The 
production time for chrome yellow 
is only about 2 hr. from receipt of 
raw material to bagging of finished 
product. 

Lead nitrate and sodium chro- 
mate solutions ( 35 per cent ) are 
allowed to react in a specially 
designed precipitation reaction 
chamber, which is very small com- 
pared to continuous precipitation 
tanks and in which the precipi- 
tated mass remains for a few 
seconds only. The amount of 
solutions let in are controlled 
automatically. The lead chro- 
mate slurry is fed off to a series of 
vessels in which the temperatures 
are controlled to give the desir- 
ed particle size temperatures 
and pH of the slurry is auto- 
matically controlled. The slurry 
is centrifuged in stainless steel 
Bird centrifuges ( washed during 
centrifuging ) and dried in a 
Proctor and Schwartz dryer as- 
sembly. The yield is 99 per cent 
of the theory. 

A similar process is used for the 
manufacture of molybdate orange, 
but In the zinc-yellow process the 
actual precipitation and particle 
size development stages are car- 
ried out batchwise. The zinc 
yellow is a basic potassium zinc 
chromate, and the reaction is 
carried out in large agitated tanks. 
The same finishing plant is used 
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for all the pigments and has, 
therefore, been designed for easy 
cleaning. 

The new process turns out 
yellow pigments having higher 
tinting strength, better light fast- 
ness and working properties as 
well as better stability and uni- 
formity of particle size than was 
obtainable with the old methods 
of production. 

A New Method for 
Determining the Weight of 
Cellular Structures 

Substitution of a continuous 
spectrum for monochromatic X- 
rays in the methods now being 
used for cytochemical elementary 
analysis makes it possible to 
weight single cell structures when 
a sufficiently broad band of a 
continuous X-ray spectrum is 
used. The effects of the absorp- 
tion jumps of the elements in the 
tissue can be neglected, and the 
total absorption is proportional 
to the total mass of tissue. The 
wavelengths of the chosen band 
must be selected properly. 

A thin collodion foil ( c. 0'3U ), 
laid over the slit in the metal 
preparation holder serves as sup- 
porting membrane for the pre- 
paration. The microtome section 
or a smear of the tissue being 
examined is laid on one half of 
that membrane. The other half 
of the membrane is reserved for 
an absorption wedge made of thin 
collodion foils. The X-ray ab- 
sorption of the foils should be of 
the same order as that of the 
sample. The preparation is laid 
against the photographic emulsion 
of a Lippmann film or any other 
very fine-grained photographic 
emulsion. Very good contact 
must be secured, A micro-radio- 
gram is registered with long wave- 
length continuous X-rays ( 500- 
4,000 ). The voltage chosen de- 
pends on the nature of the sample. 
The X-ray image of the sample 
and the wedge is enlarged 200-500 
times by photomicrography. Ab- 
sorption in single cell structures 
can be compared with the absorp- 
tion in the collodion foils, and the 
relative distribution of the amount 
of dry substance in the sample can 
be computed by photometric mea- 
surements on the enlarged image. 

Knowing the weight per unit 
surface of the collodion foil and 
introducing the correction factor, 
the absolute weight per unit sur- 
face of the cell structures can be 
calculated. It is possible to 
weigh structures as small as Ifx in 
diameter, which is the resolv- 
ing power of the Lippmann film. 


This method is now being used 
in combination with X-ray me- 
thods for quantitative estimation 
of single cell elements ( Nature, 
1949, 163 , 563 ). 

Thickness Measurement 

by Beta Emission 

The principle of the continu- 
ous measurement of the thickness 
of sheet materials is demonstrated 
by a new instrument called the 
beta-ray thickness gauge recently 
announced by the General Electric 
Co. {Chem. A^e, 1949, 60, 557). 
By measuring absorption, the 
device indicates the mass per 
unit area of the material under 
test, but can be calibrated in 
terms of thickness to help 
operators maintain product 
uniformity, reduce the amount 
of rejected material, and save 
on the amount of raw material 
used. The new gauge is ex- 
pected to find application in 
keeping check of the thickness of 
metal foils such as aluminium, 
copper, tin brass and steel, being 
rolled at high speeds. It can 
also be employed with plastics, 
textiles, rubber and other sheet 
materials, especially those that 
cannot be contacted because of 
their condition while in processing. 

In operation, the beta-ray thick- 
ness gauge measures the deviation 
from a chosen setting by register- 
ing the amount of p-rays which 
the material under test absorbs. 
The source of p-rays in the gauge 
is 2'5 millicuries of strontium 90. 
Those rays, iinabsorbed by the 
material passing through the 
gauging head, are gathered in an 
ionization chamber. An atten- 
uated 90-cycle signal is added in 
phase opposition to cancel the sig- 
nal from the ionization chamber. 
The attenuator voltage, therefore, 
is a measure of the ionization 
chamber voltage, and of the 
amount of material in the p-ray 
beam. 

Operating on a power supply 
of 100-125 volts, 60 cycles, ±0 3 
cycles, the power consumption 
of the gauge is about 150 watts. 
Its accuracy is said to be ±2 per 
cent or better between normal 
periods of calibration, while drift 
is not more than 1 per cent per 
hour after a 30 min. warming-up 
period. Under normal conditions 
it is claimed that calibration 
need not be made more often 
than once every 4 hr. 

Evaluation of DDT 

Bio-assay procedure of evalu- 
ating the potency of DDT and its 
preparations are intricate and the 


conditions of test experiments are 
difficult to define. Chemical me- 
thods of measuring DDT potency 
described recently ( Scientific Agri- 
culture, 1949, 29 , 53 ) enable ac- 
curate definition of one of the 
variables influencing the bio- 
assay methods of evaluation — 
the amount of insecticide to which 
the insects are exposed. 

Three methods are described : 
(1) gravimetric methods ; (2) volu- 
metric methods ; and (3) colori- 
metric methods. The gravimetric 
methods are especially useful for 
assay of technical grade DDT and 
DDT dusts, where p,i '-DDT crys- 
tallizes out after refluxing the 
sample with a 75 per cent solution 
of ethanol saturated with /?,/>'- 
DDT. The volumetric methods 
depend on the estimacion of the 
labile chlorine in DDT. Of the 5 
chlorine atoms in DDT molecule, 
one is detachable by hydrolysis 
in the presence of alkali. The 
labile chlorine atom, having be- 
come inorganic chlorine, is then 
measured by the Volhard titra- 
tion method or electrometrical- 
ly. Estimations based on total 
chlorine content are not .specific 
for DDT. 

The colorimetric method, us- 
ing xanthydrol-pyridine-potassi- 
um hydroxide reaction, is rapid 
and sensitive and is adoptable for 
qualitative and rough quantitative 
field work. In a second method, 
theSchechter-Haller method, DDT 
is intensively nitrated, the isolated 
tetra-nitro DDT is dissolved in 
benzene and to which methanolic 
sodium methylate is added when 
a blue colour results showing a 
maximum absorption at 600/.t, 
the intensity" of which is propor- 
tional to the amount of pyp'- 
DDT. This method can also be 
employed for the estimation of 
o,/>'-DDT wliich gives a violet-red 
colour with 2 absorption peaks at 
590 and 510/x respectively. This 
method is specific and .sensitive 
for />,/?'-DDT. 

Refining of Oils 

Containing Vitamin A 

Molecular distillation ofvita- 
min A rich oils, while yielding con- 
centrates of a high vitamin A 
content, requires, in order to ob- 
tain satisfactory" results, oils free 
from impurities and with low acid 
values. Alkali refining is shown 
to yield good, refined oil and the 
neutralized oil, far from losing any- 
thing of its original potency, hasan 
increased potency ( Nature, 1949, 
163 , 722 ). In oils with high 
potency and high alcid value, this 
increase can be quite substantial. 
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A sample of Groper liver oil 
with 120,000 i.u. of vitamin A 
per gm., 12*5 i>er cent free fatty- 
acid and 3-95 per cent impurities, 
after neutralization with an excess 
of sodium carbonate, centrifuging 
and filtering, gives a refined oil 
( 7^*5 per cent yield ) with a 
potency of 140,000 i.u. of vitamin 
A per gm. The loss due to oil 
stock trapped in the soap can be 
minimized employing the latest 
refining methods. Thus the alkali- 
refining method provides an 
economical and simple method 
of purifying oils containing vita- 
min A. 

Treatment of Leather 

with Synthetic Resins 

Methods developed for treat- 
ing leather with synthetic resins 
are described ( /. Res,, 1949, 42, 
63 ). Acrylate monomers have 
excellent penetration and can be 
polymerized in situ to give in- 
creased wear resistance of sole 
leather and water resistance to 
upper leather. The ac^lates and 
methacrylates are studied because 
of their ready availability and 
relative ease of polymerization. 

Three methods are employed : 
(1) immersion of leather in mono- 
mer and subsequent polymeriza- 
tion in situ ; (2) immersion in 
polymer solution and followed by 
evaporation of solvent ; and (3) 
immersion in partially polymerized 
resin followed by varying degrees 
of cure depending upon the de- 
sired results. ^ 

In the first method, leather 
specimens are immersed in a 
monomer containing benzoyl or 
lauroyl peroxide catalyst for 15 
min., wiping of excess solution 
and heating the samples in a 
closed system overnight at a 
given temperature. The use of 
polymer solutions in which the 
molecular weight of the resin and 
the viscosities of the solution is 
low is a necessary condition in the 
second method. The solutions 
are prepared by refluxing a solu- 
tion of the monomer with a 
lauroyl peroxide catalyst until the 
desired solids content is obtained. 
The leather specimens are im- 
mersed for half an hour, the excess 
wiped off and the solvent evapora- 
ted for 4 to 6 hr. The third type 
of resin solution that holds out 
promise for treatifig sole and shoe 
upper leathers is a polysulphide 
rubber dissolved in toluene. A 
proprietary preparation, Thiokol 
Lp-2, has been employed ; using 
acrylate polypers as much as 50 
per cent tesin can be incorporated 
in vegetable-tanned crust leather. 


In the case of specially prepared 
solution polymers, impregnation 
up to 25 per cent resin has been 
obtained in vegetable-tanned 
crust, and 50 per cent in chrome 
retanned upper leather. Treat- 
ment with Thiokol LP-2 can be 
controlled to give a stiff sole or 
to produce a soft shoe upper 
leather. 

Abrasion resistance of vegetable- 
tanned crust leather is improved 
about 75 per cent by w-butyl 
methacrylate polymerized in situ. 
Treatment with Thiokol LP-2 
improves abrasion resistance by 
about 30 per cent, whereas solu- 
tion-copolymers of n-butyl metha- 
crylate and ethyl acrylate show no 
improvement. Half-hour water 
absorption data on vegetable- 
tanned crust leather indicates 
that treatment with n-butyl 
methacrylate, polymerized in situ, 
show 95 per cent reduction over 
untreated leather. Water vapour 
permeability of degreased chrome- 
re^n upper leather is reduced by 
60 per cent, but the reduced value 
of about 400 g/m*/24 hr. is con- 
sidered ample for foot comfort. 

New Plasticisers 

Several new plasticizers have 
been described ( Ghent. Age, 1949, 
60, 548 ). Of these di-iso-octyl 
adipate, dibutyl “ cellosolve " adi- 
pate and dioctyl adipate are the 
latest additions. 

Di-i5o-octyl adipate is a primary 
plasticizer for most resins and im- 
parts permanent flexibility, low 
water extractability, extremely 
low temperature flexibility, good 
electrical properties and heat 
stability, excellent stability to 
ultra-violet light, and easy pro- 
cessing. It is a very efficient 
plasticizer and produces plastic 
films with low plasticizer-to-resin 
content with good clarity and 
good handle, drape and resilience. 
Di-iso-octyl adipate is particularly 
suitable for use with nitrocellulose 
and produces clear, elastic films. 
With ethyl cellulose it gives good 
quality, clear, elastic films. 

Films of polystyrene plasticized 
with di-iso-octyl adipate are pli- 
able, non-tacky and practically 
free from blocking, It also pro- 
duces good temperature-flexible 
stocks with synthetic rubbers. 
Di-iso-octyl adipate has a freezing 
point of — 65®C., a flash point of 
186°C. and a fire point of 236®Ci 
At 25 °C., this plasticizer has no 
solubility in water, but it is com- 
pletely soluble in petroleum dnd 
mineral oil. 

'Dibutyl cellosolve " adipate 
( dibutoxyethyl adipate ) has a 


freezing point of — 30°C., a flash 
point of 188°C., and a fire point 
of 277 °C. It has found wide use 
in the production of safety glass 
because it imparts excellent 
ultra-violet light stability and 
extremely low temperature flexi- 
bility to the plastic sandwich 
layer between the two glass plates. 
There are also other valuable pro- 
perties of this compound which 
come into play when used in 
the combining of paper or textiles. 
Dioctyl adipate has a freezing 
point of — 70°C. ( clear gel ) and 
a pour point — 69°C., a flash 
point of 192°C. and a fire point of 
299°C. and mid-boiling-point at 
4 min. of 213°C. It is a very 
efficient plasticizer and produces 
good elastomers with low plasti- 
cizer-to-resin content. By com- 
parison it has higher solvent 
power and it is more efficient than 
dioctyl phthalate in a ratio of 29 
per cent to 33 per cent. 

New in this field of fatty acid 
esters are tetrahydro-furfuryl ole- 
ate, which possesses superior in- 
ternal lubricating properties, and 
diethylene glycol dipelargonate for 
low temperature performance. 

The dibasic acid, azelaic acid, is 
now being used as a raw material 
for the production of plasticizers. 
It is also recommended for the 
manufacture of non-drying type 
alkyds, where it replaces a portion 
of phthalic anhydride and results 
in greater flexibility, improved 
toughness, good adhesion and 
good colour. The esters of azelaic 
acid are likely to be used to an 
increasing extent where high effi- 
ciency, excellent low temperature 
performance, negligible volatility 
and good oil resistance are needed 
for vinyl plastics. 

The 2-ethyl hexyl ester of aze- 
laic acid imparts low temperature 
flexibility to films which are clear, 
free from haze and possess excel- 
lent tear strength. Another inter- 
esting azelaic plasticizer is di- 
octyl azelate which is of value for 
plasticizing polyvinyl chloride and 
polyvinyl acetate-chloride cast 
films and calendered sheet. 

Alkyl carbonates of lactates 
produced by acetylating lactic es- 
ters with alkyl chloroformates are 
newcomers to the range of lactic 
acid plasticizers. All these esters 
are compatible with ethyl cellulose 
and polyvinyl chloride, and judged 
by modulus and brittle point, 
tliese new lactates are more effi- 
cient than 2-ethylhexyl phthlate. 

The esters of aconitic acid are 
particularly valuable for the vinyl 
polymers where chemical stabilitv 
of highest order is required^ 
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Polymeric plasticizers based on 
aconitic acid possess extremely 
low volatility and very low ex- 
tractability by water and oil. 

Ranking high in phosphate plas- 
ticizers is “ Santicizer 141 " pro- 
duced by Monsanto. This is an 
alkyl aryl phosphate which possess- 
es low toxicity, high compati- 
bility with vinyl resins, low vola- 
tility, softness and drape, resis- 
tance to weathering, strength, elas- 
ticity, abrasion resistance, good 
low temperature flexibility. By 
incorporating this phosphate plas- 
ticizer in polyvinyl chloride com- 
pounds, it is possible to achieve 
exceptional flame-retarding qua- 
lities without sacrificing flexibility 
or drape. Cresyl diphenyl phos- 
phate is another in this group 
with improved low tempera- 
ture flexibility and superior light 
stability. 

The glycol esters are good, all- 
round plasticizers, and of these 
triglycol dihexoate, triglycol dioc- 
tate and polyethylene glycol di-2- 
ethylhexoate are of immediate 
interest. The last-named pro- 
mises to find many applications 
because of its unique properties. 
It shows the same order of non- 
volatility from compositions of 
vinyl chloride-acetate composi- 
tions as does dioctyl phthalate 
and; in addition, it is very effi- 
cient, since only 30*5 per cent is 
required to produce standard 
elongation. 

To those working with surface 
coatings, moulded, extruded, and 
calendered plastic compositions 
and synthetic rubber, the poly- 
ethylene glycol di-2-ethylhexoate 
is of considerable value. 

Nitrite rubber, a copolymer of 
butadiene and acrylonitrile, is 
another non-migratory plasticizer 
of special value for vinyl films to 
be used for food packaging. Its 
high molecular weight enables it 
to resist extractions by edible fats 
and greases. 

Pliofilm 

Pliofilm ”, a transparent 
rubber hydrochloride film, is being 
produced on a commercial scale by 
the Good Year Tyre 6- Rubber Co. 
( Ckem. Age, 1949, 60 , 618 ). The 
material has many potentialities 
as a protective packaging material. 

Crude natural rubber of good 
grade is milled and dissolved in 
benzene to obtain a cement con- 
taining 20 per cent solids. The 
material is cooled with refri- 
gerated water and predetermined 
amounts of dry hydrochloric acid 
gas is let in and the rubber is al- 
lowed to continue ageing for 4^6 hr. 


After compounding, the pliofilm 
cement is filtered twice and trans- 
ferred to aluminium storage tanks 
maintained at an elevated tem- 
perature to keep the cement from 
solidifying. After a third filtra- 
tion, it is made into a film of 0-01 
thickness. 

One of the merits claimed for 
pliofilm is its capacity to retain 
or repel moisture according to 
needs ; it is considered to be 
moisture-vapour-water-proof. It 
has also been found to be resistant 
to punctures, tears and abrasions, 
pliable though it is. It is un- 
affected by atmospheric condi- 
tions or normal temperatures and 
is not harmed by the rigorous 
processes of forming packaging 
material into a finished package. 
It is also resistant to weak acids 
and alkalies, to grease, oils, 
moulds and vermin. It is non-ex- 
plosive, non-inflammable, odour- 
less and tasteless. 

Pieces of pliofilm can be joined 
by heat sealing, the resulting weld 
being twice as strong as the original 
material. 

One of the unusual character- 
istics claimed for it is its ability, 
when drawn under tension to a 
thin membrane, to hold in mois- 
ture and retain gases such as 
carbon dioxide, to slow down the 
metabolism of wrapped fruit. 
Pliofilm has been successfully used 
to contain and preserve frozen 
foods, meats, cheese, coffee, tobac- 
co, and liquid and semi-liquid pro- 
ducts including oils. 

Bright Aluminium Alloys 

An improved method of bright- 
ening aluminium alloy surfaces is 
claimed in an English patent with 
special reference to making the 
brightening more -permanent and 
less affected by atmospheric tar- 
nishing or other adverse action 
(Ckem, Age, 1949, 60 , 690). 

The surface is first thoroughly 
degreased ( by electrolytic me- 
thods), then immersed in strong 
acid ( pW below 1 ) solution of 
phosphoric and chromic acids and 
water for 30-60 min. at a tem- 
perature of 80°-90°C. This pro- 
duces a uniform surface, whether 
it has been previously polished or 
not, and serves to descale, re- 
moving any oxide without attack- 
ing the metal itself. The surface 
is then subjected to anodic oxida- 
tion in an alkaline solution con- 
taining trisodium phosphate and 
sodium phosphate or aluminium 
phosphate and caustic soda. The 
/>H should not be lower than 11, 

The part to be brightened is 
made the anode ; temperature is 


70°-95°C., voltage 8-20 v. ; current 
density 4-10 amp. /dm.® ; and time 
required is 5-10 min. By this 
means a thin coating of aluminium 
hydroxide is deposited and is 
followed by rinsing with running 
water. The film formed, at first 
in a powdery condition, is dis- 
solved in a solution of phosphoric 
and chromic acids, similar to that 
used before. Colouring with 
organic dyes may be imparted, and 
surface finally sealed with boiling 
water or by other means. 

New Uses for Cotton 

Modern research has extended 
the uses for cotton in many fields. 
In plastics, cotton is being em- 
ployed as the base for plastic pro- 
ducts. Cotton seed hulls, hither- 
to considered a waste product, is 
finding increasing application in 
plastic industry. 

Inexpensive cotton fabric that 
could be made without the usual 
spinning and weaving processes 
are visualized in the near future. 
Cotton fibres bound together with 
a thin layer of plastic application 
forms an unspun, non-woven fabric 
suitable for many types of pro- 
ducts. Among the unspun articles 
now being marketed are towels, 
napkins, draperies, etc. These ar- 
ticles, though inexpensive enough 
to be discarded in a short while, 
last longer than the usual cotton 
fabrics and have a softer and 
more luxurious appearance. 

Coated cotton material resem- 
bling rubber and possessing many 
advantages over leather is being 
developed and used for uphols- 
tery, luggage, and shoes. The 
material is stain-proof, dust-proof 
and waterproof. Mixed with as- 
bestos fibre ( 20 per cent ) the 
resultant fabric has excellent 
water absorption and polishing 
properties. 

Combined with aluminium and 
glass yarns, unusual fabrics have 
been developed. A new protec- 
tive cotton fabric is made to 
reflect light which can be seen by 
night motorists at a distance of 
half a mile. A variety of cotton 
gauge developed is capable of 
being absorbed in the human body 
within a few weeks ( 1/5/5). 

New Cleansing Agents & 

Disinfectants 

Development of a powerful 
series of ” multi-cleanser ” soap 
substitutes, which kill germs 
instantaneously besides removing 
dirt, has been reported tothev4»n(j- 
rican Chemical Sociity recently. 
The new detergents can be u^ed for 
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surgical instruments and house- 
hold utensils alike. These pro- 
ducts, known chemically as “mor- 
pholinium alkyl sulphates”, are so 
potent that a teaspoonful of deter- 
gent is enough to yield a gallon 
of suds, and at the same time to 
match the bactericidal strength of 
a pound of carbolic acid. These 
do not require caustic substances 
or metallic salts to do their work 
and have several advantages over 
soap ; they do not break down 
and form insoluble deposits or 
cause the familiar ” bath-tub 
ring ” when used with hard water. 
Since they are non-metallic, they 
do not leave the caustic, slippery 
feeling on the skin which follows 
the application of soap. These 
non-metallic and non-caustic pro- 
ducts described in the report show 
remarkable chemical stability and 
compatibility with other substan- 
ces encountered in household use 
and in certain industrial processes 
( USIS ). 

Softening of Hard Water 

by Aeration 

Semi-large-scale experiments 
on the softening of hard waters 
by aeration in the presence of 
added precipitation chalk conduc- 
ted by the Water Pollution Research 
Board, D.S.LR., London, have 
shown that it is possible to reduce 
the alkalinity of deep-well water 
from about 255 parts of calcium 
carbonate to about 70 parts per 
million when diffused air ^t a rate 
of about 10 litres of air per litre 
of water per hour for a period of 
5 or 6 hr. is passed. The pre- 
sence of finely divided chalk in 
suspension in a concentration of 
about 1,000 parts of calcium car- 
bonate per million is required if 
softening is to proceed at a reason- 
able rate ; use of greater amounts 
gave no further advantage. To 
maintain the chalk in suspension 
agitation other than that provided 
by the diffused air has been found 
to be necessary. Repeated use of 
the same chalk in 10 successive 
experiments did not cause any 
reduction in the rate of softening 
obtained, although a slight in- 
crease in the size of the particles 
of chalk was observed. 

Biological Removal of 

Sulphate from Water 


tains total solids of the order of 
3,000 p.p.m. of which the major 
portion is generally calcium sul- 
phate. Sulphate-reducing bacte- 
ria are employed for the purpose, 
the reduction occurring under 
anaerobic conditions. Oxygen is 
completely excluded and provi- 
sion for the continual removal 
of hydrogen sulphide is also 
necessary. 

A rectangular reaction vessel, 
with a capacity of about 1 gal. 
and having internal baffles giving 
in effect a passage of about 40'*' 
long and 2'' by 3'*' in cross-section, 
packed with degreased steel turn- 
ings and maintained at 30'^C., 
and filled with iron turnings 
was used. Oxygen-free air was 
supplied. 

Of the various media employed, 
the one selected contained sodium 
lactate 5 gm., dipotassium hydro- 
gen phosphate 0*5 gm., ammo- 
nium sulphate 2 gm., and water 1 
litre. The medium was not steri- 
lized but was freed of oxygen by 
flowing in a rapid current of car- 
bon dioxide. The reaction vessel 
was filled with settled sewage and 
stored for several days to provide 
an inoculum of suitable bacteria. 
The sewage was then displaced by 
the medium at a rate of about 120 
c.c. per hour, giving a period of 
retention of about 36 hr. The 
water to be treated was let in next 
with the nutrient salts. On the 
13th day about 25 per cent of the 
sulphate present was removed and 
by the 25th day the effluent was 
free of sulphate. The pH fell 
rapidly after the 63rd day and a 
new batch of medium had to be 
introduced with the pH value 
adjusted to 6*5. 

These experiments indicated 
that sulphate in concentrations 
approximately equivalent to that 
in a saturated solution of calcium 
sulphate could be completely 
removed from water at a suffi- 
ciently high rate. 

Experiments designed to replace 
lactate by grass extracts ( by 
steeping grass in water for a week ) 
showed a considerable reduction 
in the concentration of sulphate 
after the 87th day of continuous 
running, the sulphate content 
being reduced from 4,000 p.p.m. 
to 1,000 p.p.m. 

Sand- lime & Concrete Bricks 


bricks, and amplifies the informa- 
tion given in earlier reports. 

The principal materials used in 
making sand-lime bricks are sili- 
ceous sand, lime and water, the 
proportion of lime ranging from 
5 to 9 per cent. Hydration of 
lime most be complete before the 
bricks are pressed and limes must 
be high calcium limes and reason- 
ably pure. 

Ground quicklime and sand 
with the requisite quantity of 
water are thoroughly mixed in a 
screw or pan mixer and com- 
pressed under high pressure in a 
rotary table type press and steam 
cured for 4-15 hr. using high pres- 
sure steam (120-195 Ib./sq. in.). 

For concrete bricks, Portland 
cement is usually employed. Most 
of the concrete bricks are made 
with a dense natural aggregate ; 
furnace clinker, blast-furnace slag 
and clay brick waste are also used. 
Clay brick waste or rubble should 
not contain more than 1 per cent 
of acid-soluble phosphate. The 
proportion of cement to aggregate 
in concrete bricks with dense 
aggregates varies from 1:5 to 
1 : 12 by volume according to the 
type of aggregate, moulding pro- 
cess and quality of brick required. 
Concrete bricks harden and 
develop their strength without any 
artificial curing. 

The strength of dry sand-lime 
and concrete bricks is from 30 to 
50 per cent higher than when 
saturated. The compressive 
strength for sand-lime bricks is 
of the order of 100-5,000 Ib./sq. in. 
and for concrete bricks with 
natural aggregates, 1,000-6,000 
Ib./sq. in. 

Under normal conditions of 
exposure, good sand-lime brick 
lasts well ; inferior quality has 
poor weather resistance and should 
not be used for external work. 
With ageing they improve in 
strength. Exposure to salt spray 
leads to erosion of the brick. Good 
quality, 9" sand-lime brick satis- 
fies the 6 hr. fire resistance test in 
all respects. 

It is preferable that both sand- 
lime and concrete bricks should 
be used in a reasonably dry 
condition in order to minimize 
drying shrinkage effects. 

Preventiofi of Dazzle on Roads 

The Road Research Laboratory, 
D.S.LR., London, has investigated 
into the problem of head -lamp 
dazzle on roads and the results 
have been incorporated in a recent 
technical paper (Road Research 
Technical Paper No. 14, H,M.S, 
Office, London, price (yd. ). 


A BIOLOGICAL METHOD FOR THE 

removal of sulphates present in 
bore-well water and render it 
suitable for irrigation purposes 
has been worked out by the Water 
Pollution Research Board, D.S.LR., 
London. Bore-well water con- 


The Building Research Station, 
D.S.I.R., London, has published a 
bulletin ( National Building 
Studies, Bulletin No. 4, H.M.S. 
Office, London ; price (yd. ) which 
gives a brief account of the pro- 
perties of sand-lime and concrete 
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Of the two measures to deal 
with the problem, viz. (1) those 
which might be applied to existing 
lamps with promise of immediate 
improvement ; and (2) use of 
polarized light or improved light- 
ing systems ; the former has been 
dealt with in the paper. The 
paper deals with : nature of the 
“ single beam " and “ multiple 
beam " systems ; present state 
of the law relating to head-lamps ; 
a study of drivers' behaviour and 
the prevalence of dazzle ; action 
recommended in relation to exist- 
ing vehicles ; proposed rules for 
the adjustment of lamps ; and 
education of the motorist. The 
two appendices deal with : ins- 
tructions for adjusting head-lamps 
and pass-lamps, and a section 
entitled " Some additional con- 
clusions to be drawn from the 
dazzle survey ". 

The survey reveals that most of 
the dazzle on roads is due to 
dipped head-lamps and pass- 
lamps, the low-mounted pass- 
lamps being especially liable to 
this failing. It is recommended 
that lamps should be set so that 
driving beams do not rise above 
the horizontal and passing beams 
are dipped at least 3 degrees. It 
is also recommended that head- 
lamps and pass-lamps should be 
mounted not higher than 3' 6" 
and preferably not lower than 
T 6"' but never less than T from 
the ground. 

Hand-operated 

Threshing Machine 

A HAND-OPERATED MACHINE 
which can thresh nearly 1 cwt. of 
wheat, oats, barley or rice in 1 hr. 
has just been produced by a 
Scottish firm. Of low cost, it is 
specially designed to help the 
small farmer who cannot afford 
a large initial outlay for mechani- 
cal aids. The machine is operated 
by two men while a third feeds the 
sheaves into a drum. The drum, 
which runs at 350 r.p.m., is 
carried on a ball-bearing shaft. 
It is covered with a sheet metal 
and is fitted with four cast steel 
peg-type beaters. The pegs on 
the beaters run in the spaces 
between similar pegs on a stripper 
bar which can be adjusted to give 
suitable variations in the severity 
of threshing. A ribbed and knob- 
bled concave divides grain from 
straw. 

Although primarily intended 
for hand operation, provision is 
made for fitting on 1 to h.p. 
motor which would increase the 
speed of the drum to 600 r.p.m. 
(S/5). 


Imperial Institute, London, 

Annual Report, 1948 

The two main sections of the 
Annual Report of the Institute for 
the year under review reflect the 
growing interest of the State, as 
well as of commerce and science in 
new Empire sources of minerals, 
abrasives, oil-seeds, plant fibres, 
tobacco, hides and skins, essential 
oils and insecticides. 

The Mineral Resources Depart- 
ment reports a 14 per cent increase 
in inquiries covering a wide field. 
Prominent among them are ques- 
tions concerning world resources 
of coal, bauxite and gypsum. The 
world coal shortage intensified the 
need in many regions to find 
suitable qualities of fuel before 
selecting new industrial sites. 
Fresh fields of bauxite are required 
to meet th*e world demand in the 
near future, and the information 
sought about new deposits of 
gypsum is clearly connected with 
developments in building research 
that call for the use of plaster of 
Paris as the principal material. 

Other inquiries concern non- 
metallic minerals and compara- 
tively rare and hitherto little 
known raw materials that are 
proving of such importance to 
modern industry. These include 
caesium, gallium, indium, germa- 
nium, selenium, tellurium, lithium, 
cerium and tantalum. Many 
Government departments and 
quasi-government organizations 
have also sought complete infor- 
mation about diatomite — its 
nature, occurrence, quality, work- 
ing, production, transport, treat- 
ment, ,uses, prices, alternatives 
and statistics. In recent years, 
this mineral, mainly drawn from 
dollar sources, has been used in 
the filtration of many important 
food, drink, and pharmaceutical 
products. For some time the 
Institute has tried to find Empire 
substitutes, with Kenya as the 
chief source, and even Skye has 
been actively considered. 

In the past few years, the Insti- 
tute has also emphasized to 
Government geological surveys, 
private geologists and mining 
concerns, the possible presence of 
vermiculite in their respective 
territories. Today, with more 
knowledge of the nature and use- 
fulness of the mineral, the stage 
during which it might be dismissed 
as worthless mica is passing. 
Private and official reports of 
vermiculite found in entirely new 
areas include Gold Coast, Nigeria, 
South-west Africa and Mysore, 
though its economic possibilities 
there are not yet known. South 


Africa continues to be the chief 
Empire supply source, and new 
finds have been reported from 
northern Transvaal and Natal. 

New outlets and applications 
for Sierra Leone micaceous hae- 
matitie have been considered as a 
weighting ingredient in oil drilling 
muds, as heavy medium for coal 
cleaning, granules for roofing felt, 
welding red coatings and for use 
in powder metallurgy. Examina- 
tion of mineral specimens from 
Tanganyika indicated that one of 
them was a member of the Euxe- 
nite-poly crease series and was 
“ appreciably radio arrive ” ; an- 
other was a garnet of good 
quality that was found suitable 
for abrasive work. 

The other scientific section of 
the Institute is the T‘lant and 
Animal Products Department, 
whose staff, during the year, has 
prepared memoranda for consi- 
deration at numerous meetings of 
the Colonial Primary lYoducts 
Committee. Other work of the 
Department includes plans for a 
world-wide series of analysis of the 
insecticides of pyrethrum flowers. 

To assist the general plans for 
increasing world supplies of vege- 
table oils and fats, tests of sun- 
flower seeds, four new and two 
older strains, have been made in 
Nigeria and Sierra Leone. In the 
former colony the new strains 
showed an oil content of 33 to 
35-8 per cent and the older ones 
27-6 to 28*9 per cent, though one 
of the latter gave a greater quan- 
tity per acre owing to a heavier 
plant yield. In Sierra Leone the 
oil content of two of the new 
strains was 23*6 per cent, that of 
two others from 27 to 30-4 per 
cent, while the older varieties 
yielded 22 to 26-5 per cent. 

Tests of tobacco leaf grown in 
Nigeria by native farmers have 
shown that of 74 samples exa- 
mined, 14 possessed good burning 
qualities and, under improved 
cultivation and curing, should be 
suitable for the continental and 
north African markets. Smoking 
trials of experimental samples 
from Nyasaland, where the re- 
sumed production of flue-cured 
leaf is under consideration, dis- 
closed that five were promising as 
cigarette leaf of neutral type 
suitable for blending and sixth 
as pipe tobacco. 

Research in Lac 

Improving of crop production 
on certain host plants, selection of 
suitable alternative hosts of 
Bracon greeni, new moulding com- 
positions, varnishes, paints and 
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enamels, lundamental work on 
hard and soft lac resins, hydro- 
genation of shellac and shellac 
components, effect of infra-red 
radiation on lac and lac hln'es are 
some of the main features of the 
research work carried out at the 
Indian Lao Research Institute 
during the year 1947-48. 

The possibilities of Albizza luci- 
da, Ficus bengalensis and Ougenia 
dalbergeoides as Baisakhi brood- 
producing hosts have been inves- 
tigated. The held trials show 
that A, lucida gave the best 
results, the rates of brood used to 
brood yield being 1 : 4-6. 

Harvesting of immature lac 
crop has been shown to give poor 
yields. Use of 60 mesh wire- 
gauge baskets as brood containers 
has been found effective in 
eliminating the whole range of 
organisms infecting lac but per- 
mits free passage of lac larvae. 
This practice has made possible 
the cultivation of disease-free lac 
in fresh areas and prevents 
wastage of stick lac. 

Gammaxane spray has given 
good results as an elective fumi- 
gant of brood lac. A mixture of 
ethylene dichloride ( 75 per cent ) 
and carbon tetrachloride at a rate 
of 5 oz. per 10 cu. ft. of space has 
proved to be an excellent, non- 
inflammable fumigant. 

Breeding studies of B, greeni on 
a mass scale on unnatural hosts 
showed that with the larva of 
Tryckylepidia fructicassiella, 47*1 
per cent parasitism was t^tained ; 
in the case of E. amabilis, 43*8 per 
cent parasitism was obtained. 

Optimum conditions have been 
established for lac-urea-formalde- 
hyde moulding powders with 
regard to (a) particle size, mois- 
ture content level necessary to 
produce blister-free samples, and 
(b) temperature, pressure and time 
of curing. 

Lac-cashewnut shell liquid-sul- 
phur compositions developed at 
the Institute show promise in plas- 
tic and varnish fields. The cashew- 
nut shell liquid is first heated 
with 10-20 per cent sulphur at 
200°-2S0X. and the resultant 
mass, on combination with equal 
proportion of lac, yields a soft 
rubbery material. This material 
in combination with fillers like 
zinc oxide and asbestos gives 
plastic composition which could 
be moulded in the hot or cold. 

X-ac-cashewnut shell liquid 
varnish compositions in comlnna- 
tion with linseed oil have been 
prepared. These compositions 
jdeld films which are smooth and 
glossy ahd non-tacky after only 


18 hr. of drying, and have good 
flexibility and adhesion. Water- 
proof varnishes for coating paper, 
bullets and dummy cartridges 
have been formulated. 

The use of lime in place of 
litharge as an incorporating agent 
in the preparation of lac-linseed 
oil varnishes has been further 
investigated and modified com- 
positions have been developed. 
The products obtained by employ- 
ing potassium hydroxide and potas- 
sium linoleate as incorporating 
agents are completely soluble in 
water as well as in the usual 
varnish solvents. A new lac- 
linseed oil vehicle for paints and 
enamels has been prepared using 
lin.seed oil ( 100 parts ), lac 
( 20 parts ), and litharge ( 3 parts) ; 
from these compositions satisfac- 
tory quick-drying points have 
been obtained. 

Physico-chemical studies on 
shellac were : 

Ultra-violet absorption spectra 
of •^ellac solutions ; flowing bire- 
fringence of shellac solutions ; X- 
ray structure of shellac ; the dielec- 
tric properties of acetic ester of lac; 
the dielectric properties of lac- 
glycol ether ; insulating properties 
of lac-linseed oil-lime varnish, etc. 

Infra-red heating has been 
employed for the determination 
of moisture in lac. This proce- 
dure reduces the time taken for 
moisture determination from 24 
hr. to 4 hr. 

A method has been developed 
to isolate wax from the waste 
varnish residues. 

Indian Standard for 

Refractories 

The EngineeringDivision Coun- 
cil of the I SI has brought out a 
Draft Indian Standard Recom- 
mendation for Refractories for 
Railways. It has been prepared 
by an expert committee composed 
of representatives of manufac- 
turers and consumers of refrac- 
tories in India. 

The importance of the subject 
can be gauged from the fact that 
the railways consume about Rs. 
17 lakhs worth of fire-brick. 

The purpose of these recom- 
mendations is to indicate the types 
of refractories most suited for 
different classes of work in the 
various departments and work- 
shops of the Indian railways. 
The recommendations are expected 
to assist the railways in the stan- 
dardization of designs and qua- 
lities, in issuing tenders and mak- 
ing purchases, and the manufac- 
turers of refractories in arranging 
their production programmes. 


These recommendations give 
the qualities of refractories for 
various classes of applications in 
different departments and work- 
shops of the Indian railways. 
Some classes of work are common 
to workshops other than those 
of the railway. The recom- 
mendations may, therefore, be 
taken to cover similar require- 
ments elsewhere. 

Comments on the draft stan- 
dard will be received till 1 1 
September 1949, by the Direc- 
tor, Indian Standards Institu- 
tion, Block 11, Old Secretariat, 
Delhi 2. 


Announcements 

Dr. M. S, Krishnan, Director, 
Indian Bureau of Mines, has been 
appointed the Director of the 
Geological Survey of India, in 
place of Dr. W. D. West. Dr. 
Krishnan is the first Indian to 
be appointed to the post. 

Director, Coconut Research Scheme, 
Ceylon — Dr. Reginald Child has 
relinquished the post of Director 
of the Coconut Research Scheme, 
Ceylon, which he had held since 
1932. He will be succeeded by 
Mr. F. C. Cooke, who was Chemist 
( Coconut Products ) with the 
Department of Agriculture, 
Malay, from 1929 to 1938, and 
Canning Officer of the same 
department from 1946 to 1949. 

Lady Tata Scholarships for 1949 — 
The following international and 
Indian scholarships have been 
awarded for the year 1949 : 

The international awards total- 
ling £ 3,000 for research in diseases 
of the blood with special reference 
to leucaemias are made to Dr. 
Edith Peterson ( England ), Dr. 
M. C. Bessis ( France ), Dr. J. 
Bichel ( Denmark ), Dr. Pierre 
Cazal ( France ), Dr.. J. Clem- 
mesen ( Denmark ), Dr. E. Kele- 
men ( Hungary ), Dr. Edoarflo 
Storti ( Italy ), Dr. Charles Ober- 
ling ( France ) Dr. J^agdish Chan- 
dra Mehta (India), Pascou Atana- 
siu ( France ), and Gunther Schal- 
lock ( Germany ^ . 

Indian scholarships of Rs. 250 
per month each for one year for 
scientific investigations having 
a bearing on the alleviation of 
human suffering from disease are 
awarded to Messrs Gangagobinda 
Bhattacharya ( Calcutta ) , Bimal 
Kumar Sur ( Mysore ), K. Rama- 
murti ( Bangalore ), Gauranga 
Roy (Calcutta), D. V. Siva 
Sankar ( Madras ), and P. R. 
Srinivasan (Coonoor). 



Reports 
States & 

MADHYABHARAT UNION 
Industrial Expansion 

Power Projects — The Govern- 
ment have sanctioned 2 large 
schemes for power development. 
The first is a thermal station to 
be located at Indore at a capital 
cost of Rs. 121 lakhs. When 
completed this station would sup- 
ply 1 5,000 kW. The other scheme 
is a hydel scheme on the Chambal 
river, 200 miles north of Indore, 
at a cost of Rs. 9-75 crores. The 
reservoir will have a catchment 
area of 8,000 sq. miles and the 
project is considered to be one of 
the cheapest in India from the 
point of view of dam construction. 
It is expected to produce 40,000 
kW. ultimately. 

The Union has both long-term 
and short-term industrial projects; 
the former ones to be taken up 
only after the power from Cham- 
bal projects becomes available. 
The contemplated ones include 
production of rayon and electro- 
chemicals. 

The short-term projects relate 
to cement, power alcohol, sugar, 
paper, glass, ceramics and silk 
weaving. 

Cement — At present, the Union 
produces only 60,000 tons of 
cement per annum and in view 
of the large power and irrigation 
projects, the demand may be 
nearly 100,000 tons. The Union 
is rich in excellent lime stone at 
Neemuch and it is planned to 
locate a cement factory of 100,000 
tons capacity at this place. The 
capital investment on the in- 
dustry is expected to be Rs. 
1*25 crores. 

Power Alcohol — There are 5 
sugar factories in this region and 
are estimated to make available 
10,000 tons of molasses for the 
industry. The Union's petrol 
requirements are in the neigh- 
bourhood of 40 lakh gal., and 5 
lakh gal. of powe» alcohol would 


from 

Provinces 

be needed for admixture. It is 
proposed to erect a distillery with 
a capacity of 5 lakh gal. per year. 

The starting of a sugar unit of 
1,000 tons crushing capacity, 
caustic soda and sulphuric acid 
units with 5 tons capacity each 
and a glass factory at Guna have 
been approved by the Govern- 
ment. Sanction has also been 
accorded for the establishment 
of a pottery work at Indore. 
The factory will use the extensive 
good quality fire clay deposits 
near Piplia and produce stoneware 
pipes, acid jars, etc. The China 
clay deposits near Indore may 
be utilized for making crockery. 

WEST BENGAL 

Silver Refinery for Calcutta 

An up-to-date silver refinery 
is proposed to be set up in Cal- 
cutta. The plant and accessories 
are reported to cost Rs. 60 lakhs 
and the plant is expected to be 
ready in about 3 years. 

Institute of Jute Technology 

This Institute, the first of 
its kind in India, is being started 
under the auspices of the Calcutta 
University and will start function- 
ing from 1950, The Institute has 
been founded by the Indian Jute 
Mills' Association in collaboration 
with Calcutta University. Capital 
expenditure amounting to Rs. 20 
lakhs and the recurring cost of 
running the Institution will be 
borne by the Association, 

BOMBAY 

Research Institute for 

Silk & Rayon Industry 

The Council of Scientific & In- 
dustrial Research has received a 
contribution of Rs. 15 lakhs from 
the Silk & Art Silk Mills' Associa- 
tion Limited, Bombay, for orga- 
nizing a research institute for 


the industry at Bombay. The 
functions of the research insti- 
tute will include research in 
weaving of silk and art silk, in- 
cluding rayon and dyeing and 
processing of silk and rayon 
fabrics. 

The offer has been accepted 
in principle, subject to the ap- 
proval of the Governing Body 
of the Council and the Standing 
Finance Committee of the Indian 
Legislature. After approval, the 
Government of India will make a 
grant to supplement the industry’s 
contribution. 

BIHAR 

Engineering College for Sindri 

A MECHANICAL AND ELECTRICAL 
engineering college will be set up 
at Sindri, in the Jharia coalfield 
area, close to the Sindri fertilizer 
plant. The Government have 
sanctioned a sum of Rs. 70 lakhs 
for this purpose. The construc- 
tion work is to begin in October 
this year and the college is ex- 
pected to start functioning in 
1950. 

UNITED PROVINCES 

Cement Factory 

The Government will shortly 
start a cement factory to produce 
700 tons of cement per day at 
Robertsongunj, 52 miles from 
Mirzapur. This is the first cement 
factory to be state-owned and is 
expected to meet a fifth of the 
province’s requirement in cement. 
The Government have also 
surveyed other localities in the 
province with a view to set up a 
few more units. 


ERRATUM 

This Journal : 

1949, Vol. 8, No. 7, article 
entitled " A Cosmic Ray Radio 
Sonde ”, page 259, L.H. col., 
para 1, the sentence ” The 
results obtained will be published 
separately by Messrs A. S. Rao 
and G. S. Gokhale ” should be 
read as ” The results obtained 
will be published .separately with 
Messrs A. S. Rao and G. S. 
Gokhale ”. 



INDIAN PATENTS 

The following is a list of Patent Applications notified as accepted 
in the Gazette of India, Part II, Section 1, for June 1949. 


Plftstics & Plasticisers 

39014. I.C.I. Ltd. : Process for fastening nylon 
to nylon : Fastening of nylon to nylon by an 
adhesive made from a solution of nylon in a 
coal-tar derivative. 

39165. I.C.I. Ltd.: Improved moulding com- 
positions : Incorporating boric acid with or 
without alkali earth nietal oxide or hydroxide 
in a phenol-formaldehyde moulding composition. 

Inorganic Chetnicals 

39855. Das Gupta : A process for the removal of 
hydrogen sulphide from coal gas : Solid product 
obtained or recovered from flue‘ dust contained 
in the blast furnace gas. 

Organic Chemicals 

40174. De Bataafsche Petroleum Maatschap- 
pij : Method for producing and refining ethyl 
alcohol : The pYi of the crude ethanol product 
is adjusted between 6 and 9 and thereafter it is 
fractionally distilled and hydrogenated. 

Miscellaneous Chemicals 

39339. Bayer Products Ltd,, Brown & Mellor : 
Method of combating diseases of potato 
tubers and preparation therefor : Using 
chlorinated mononitrobenzene as active subs^ 
tance. ? 

37795. International General Electric Co. 
OF New York Ltd. : Fluorescent materials : 
Mixture of calcium phosphate with a cerium 
compound containing 2 to 20 per cent cerium 
fired at 950°C. to 1100° C. 

Food & Kindred Products 

38698, Distillation Products Inc. : Production 
of vitamin A and intermediates therefor : 
Reacting corresponding unsaturated carboxylic 
ester with lithium aluminium hydride or lithium 
boron hydride. 

38785. American Cyan amid Co. : Purification of 
aqueous sugar solutions : Treating solutions 
with an acid and alkaline contact mass* 

Fuels & Lubricants 

40398. C. D. Patents Ltd. : Manufacture of car- 
bonaceous moulding compositions suitable 
for extrusion and of moulded carbon products 
therefrom^ Mixing subdivided coal with a 
binding material and heating the mixture at an 
elevated temperature. 

Metal Ac Metal Prckiucts 

40503. John Miles & Partners ( London ) Ltd. : 
Prodqction of ferrochrome, high chromium 
steels, stainless steels and the like : Smelting 
ore with ailoymg metal with carbonaceous 


material in blast furnace injected with an oxygen 
rich fluid. 

40291. Carnegie-Illinoise Steel Corp. : Method 
and apparatus for the electrolytic coating of 
metal strip : Comprises passing through an 
electrolyte two strips forming the cathode and the 
anode, guiding the strips in parallel, proximate 
relation to each other and maintaining shields 
between the edges of the strips, 

38762. William Jessop & Sons Ltd. : Alloys of 
an austenitic character having a cobalt- 
nickel-chromium bases : Nickel chromium steel 
having a proportion of niobium and vanadium 
and also containing 30 per cent to 50 per cent. 

41076. The Mond Nickel Co. Ltd. ; Alloys : Con- 
taining 0*75 to 2*5 per cent carbon from 1 to 6 
per cent tin, from 0*03 to 0*25 per cent magnesium, 
from 0*5 to 4 per cent silicon, and from 0*5 to 4 
per cent manganese, the balance • being nickel. 

Stone, Clays Ac Glass Products 

39625. Turner Asbestos Cement Co. Ltd. : 
Improvements relating to the manufacture of 
reinforced asbestos cement or like sheets ; 
Coating asbestos cement on rotating cylinder, 
introducing predetermined lengths of reinforcement 
and cutting into shorter sheets* 

Textile Sc Textile Products 

40306. Boxkl-Maletra Societe Industrielle 
De Produits, Chimiques : Method of pro- 
ducing products intended for improving the 
quality of textile materials : Impregnating 
textile with a compound obtained by condensing 
a carbonic acid amide with glyoxal and again 
condensing the product with formaldehyde. 

40428. Joseph Bancroft & Sons Co. : Printing of 
cellulose textile fabrics : Printing paste com- 
prising thermosetting resin-forming materials 
and a vat dyestuff in free leuco base form. . 

Miscellaneous 

Cardis : Improved fibre decorticator and method 
of using same : Comprising two semicircular 
arcs terminating in two rectangular pieces, one 
of the rectangular pieces having extensions at 
its end, 

40873. N. V. Ganpule & R. S. Kulkarni : Manu- 
facture of primary galvanic dry cells : Container 
made of plastic material. 

38612. Mistry : An animal weight driven water 
pump : Iron wheel tilting on central hall- shaped 
cast iron knob operates either diaphragm or 
plunger type pumps. 

40458. Standard Telephones & Cables Ltd, : 
Pastes for printing electrical circuit elements : 
Containing flnely divided material dispersed in 
a hydrophilic liquid containing weighting ageiit* 



Research Development & Utilization 


P ROBLEMS of research development 
and utilization have received the 
expert consideration of a Committee, 
appointed in August 1947, by the 
Governing Body of the Council of Scienti- 
fic & Industrial Research. The recommen- 
dations of the Reviewing Committee ( Chair- 
man: Sir Ardeshir Dalai), embodied in a 
report recently accepted by the Governing 
Body of the Council, are entitled to serious 
consideration in view of their importance 
to Indian industry and of their bearing on 
the progress of applied research in India. 

The Council of Scientific & Industrial 
Research, since its very inception, has been 
seized of the importance of research utiliza- 
tion, and has subjected the measures in this 
regard to continuous review. The work 
of the Council in its own laboratories at 
Delhi and under the research schemes 
financed by it in the universities and research 
institutions all over India, have yielded, 
as the Committee rightly points out, “ very 
creditable results. No less than 104 In- 
dian patents ( with the corresponding States 
patents ), and 8 patents in the United King- 
dom and in the United States of America 
have been taken out by the Council, and 329 
publications constituting a valuable contri- 
bution toward the advancement of learning 
have been issued. Many of the processes 
developed by the Council have brought 
substantial benefits, direct and indirect, to 
Indian industry* and some of the patented 
processes have brought handsome monetary 

* An instance of this was given by Sri Kastur- 
bhai Lalbhai, a member of the Committee. He 
stated that “ at Ahmedabad the president of the 
Bobbin Manufacturers’ Association had informed 
him that xniUions of bobbins were being coated by 
the bobbin industry with hhilawan paint ( develop- 
ed by the Council ) and used by the textile mills 
in this country. These had brought incalculable 
^vings to the textile industry.^’ Many more 
instances, equally impressive, can be cited. 


returns to the Council. Considering the 
short life of the Council, and the difficulties 
with which it had to contend, especially 
during the war years, the results achieved 
are praiseworthy. The Committee, how’- 
ever, has examined afresh the possibilities 
of giving further impetus to research utiliza- 
tion so that the work of the Council may 
bring more direct and more substantial 
benefits to Indian industry. 

Present Procedure 

The present procedure for dealing with 
the results of research may be briefly men- 
tioned. When a laboratory investigation 
reaches the stage of completion and is consi- 
dered ready for development and exploita- 
tion, a “ non-technical note " is prepared 
by the research worker and passed on to the 
Utilization Branch. The technical aspects 
and economic implication j, the capital 
required for both block and recurring 
expenditure, the eqaipment necessary, avail- 
ability of raw materials, estimated costs of 
production and market prices, and other 
aspects germane to utilization are examined 
by the Utilization Branch, and the note, as 
amended, is sent to an ad hoc committee for 
scrutiny. The non-technical note modi- 
fied and finalized by the ad hoc committee, 
is printed and circulated among chambers of 
commerce and other commercial bodies and 
industrial concerns, and the offers received 
for commercializing the process are consi- 
dered by the Industrial Liaison Committee 
which examines and decides the manner in 
which it is to be developed and exploited. 

The procedure outlined above has proved 
fairly satisfactory. It has been observed, 
however, that in several cases industrialists 
have abandoned processes after developing 
them to a certain stage without calling in the 
aid of the Council to improve tjie technique 
or the economics of the processes. Although 
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/the Council has declared its readiness to 
assist industry by providing expert technical 
assistance whenever required, the services 
of the Council have not been adequately 
made use of by industry. Another serious 
drawback is the absence of facilities for 
pilot-plant trials, and “ processes have been 
given out to industry in a ‘ half-baked * 
condition with the result that many indus- 
trialists find themselves unable to bring 
them to a practical and profit-yielding 
stage This drawback is sought to be 
remedied by the installation of pilot-plant 
laboratories in all the National Laboratories 
which are being set up by the Council. 

Research & Industry 

The Council's efforts to provide technical 
aid and its attempts to release to industry 
only the processes whose merits have been 
proved by pilot-plant trials are being sup- 
plemented by measures tp make Indian 
industry research-conscious. The effective- 
ness of any measure to bring research aid to 
industry is determined by the extent to which 
industry is “ alive " to the benefits of science. 
With a few notable exceptions, Indian in- 
dustry is not sufficiently research-conscious, 
and during the past few years, the Council 
of Scientific & Industrial Research has 
made* strenuous efforts to establish co- 
operative research associations. These 
efforts are beginning to bear fruit. A 
research association for textiles has been 
established at Ahmedabad, and proposals 
for establishing a similar association at 
Coimbatore are being considered. The Tan- 
ning and Leather Manufacturers’ Associa- 
tion has organized a research association 
at Madras, and the Indian Chemical Manu- 
facturers' Association is considering the 
formation of a research organization on a 
co-operative basis. The Council also pro- 
vides facilities to manufacturers to have 
their problems investigated under its aus- 
pices. The Vanaspati Manufacturers' Asso- 
ciation, for instance, has. taken advantage 
of siich facilities and has placed funds at 
the disposal of the Council for investigations 
on vanaspati. 

The Reviewing Committee has taken 
cognizance of these developments, and notes 
that " if research is to play a part in the 
industrial development of the country, 
similar to that played by research in Europe 
and America, much closer liaison should be 
Established between industry and research 
than exists^t present The Committee 


recommends that the help and co-operation 
of the technical staff of the Council should 
be made available in a greatly enhanced 
measure to firms entrusted with the develop- 
ment of the Council's processes. The reluc- 
tance on the part of firms to apply for tech- 
nical assistance should be overcome, and the 
Council’s technical staff should pay periodical 
visits to such firms and help them to over- 
come difficulties, and thereby inspire con- 
fidence in the Council's processes. The 
Council should be represented on all major 
trade associations and chambers of com- 
merce, and the Committee recommends the 
appointment of a whole-time Industrial 
Relations Officer who should be " a practical 
man with business experience, capable of 
understanding the economic difficulties of 
business men and interest industry in the 
results of research 

A Research Development Corporation Needed 

The Committee further recommends the 
establishment of a National Research Devel- 
opment Corporation on the lines of the 
Research Development Corporation recently 
established in U.K. The objects of the 
U.K. Corporation, described in the Develop- 
ment of Inventions Bill» are : 

(a) To secure, where public interest so 
requires, the development or exploita- 
tion of inventions resulting from public 
research and of any other invention 
which, in the opinion of the Corporation, 
is not being developed or exploited or 

* sufficiently developed or exploited; and 

(b) to acquire, hold, dispose of, and grant 
rights ( whether gratuitously or for 
consideration ) in respect of inventions 
resulting from public research and, 
where the public interest so requires, 
in respect of inventions resulting 
from other sources. 

Another method considered by the Com- 
mittee u that adopted by the Bureau of 
Agricultural andIndustrialChemistry,U.S.A., 
which carries out its development research 
either by : 

(a) demonstrating by pilot plants which 
show to industrialists how the process 
can be operated on full-production 
basis ; or 

(b) co-operative agreements with industry 
itself where a firm's plant is used to 
develop a process worked out on the 
laboratory scale by the Bureau's staff, 
the firm being guaranteed against any 
loss by the Bureau. 
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Pending the installations of pilot plants 
in the National Laboratories, the Com- 
mittee recommends the adoption of proce- 
dure (b) of the Bureau of Agricultural and 
Industrial Chemistry, U.S.A. The indus- 
trial policy of the Government of India 
the Committee observes, envisages the es- 
tablishment of a number of important 
industries under State-ownership, and a 
large number of major industries under 
State control. The Research Development 
Corporation may take powers under the Law 
to secure co-operation froni all the State- 
owned and controlled industries to develop 
new processes in the plant of the manu- 
facturing firms interested in such processes 
on the condition that the Corporation will 
reimburse to the firms any loss that may be 
incurred. 

One of the main functions of the Research 
Development Corporation will be '' to exploit 
in the public interest all patents of the 
Council of Scientific & Industrial Research, 
and all such patents as may be dedicated to 
it not only by individual inventors, but also 
by universities and by institutions supported 
from public funds or private endowments 
The Committee suggests that the proposed 
Corporation should make a modest beginning. 


confining itself to the development of the 
Council's processes by utilizing the equipment 
available in industrial establishments. A 
start can be made with a capital grant 
of about Rs. 50 lakhs and a recurring 
grant of Rs. 5 lakhs, which should be in- 
creased if the activities of the Corporation 
justify it. 

The Report of the Reviewing Committee, 
incorporating many practical observations 
and recommendations, is a document of 
considerable public interest. The Governing 
Body of the Council, at its recent meeting, 
accepted the Report, and with t view to 
implementing its main recommendation, 
viz. the establishment of a National Research 
Development Corporation, appointed a com- 
mittee of experts to determine the com- 
position and powers of the Corporation, 
and the terms on which it should develop 
and exploit scientific processes and patents. 
The decision to establish a National Research 
Development Corporation will be widely 
welcomed as yet another instance of the 
enlightened policy, consistently and stead- 
fastly pursued by the Council of Scienti- 
fic & Industrial Research, to promote and 
foster scientific research in the interests of 
industry. 



Characteristics of the Ionosphere 
over Calcutta (June 1949) 


S. S. BARAL, R. K. MITRA, D. C. CHOUDHURY, 
( Mrs. ) T. K. BHAR & A. P. MITRA 

Wireless Laboratory, University College of Science, Calcutta 


T he following are the ionospheric 
data observed at Calcutta for the 
month of June 1949. 

Fig. 1 represents the mean hourly 
values of the penetration frequencies of the 
E^and E» regions and the penetration 
frequencies and virtual heights of region Fg. 
The figures are obtained from average values 
of the data taken for each hour of the day 
for 5 days a week. Fig. 2 gives the pre- 
dictions of the maximum usable frequencies 
which can be used for different distances of 
transmission by reflection at the F region 
over Calcutta for the month of September 
1949. Table I gives the different occasions 
during routine observation when sporadic 
E ionization was observed and the values of 



LocAi HiMtrm 

( 5 HOURS 54 MINUTES AHEAD OP. G.M.T, ) 
Figj^ — June 1949. 


the corresponding penetration frequencies 
and heights. 

Sporadic E ionization was found to occur 
frequently during early morning and after- 
noon, often coinciding with the occurrence of 
local thunderstorms. High absorption of 
E echoes was observed during mid-day mak- 
ing the values of somewhat uncertain. 
The penetration frequency of region Fg was 
found to have an afternoon maximum and 
the height and thickness of the region were 
very high. The behaviour of this region 
was otherwise normal. 



4 a ti /a io i4 

LOCAL MiAHTm 


At point of reflection. 

Fig. 2 — M.U.F. for transmission via F, layer, 
September 1949. 
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TABLE I 


Month & 

YEAR 

Date 

Hour 

June 1949 

1 

00.00 

08.00 

09.00 

10.00 
11.00 

•12.00 

18.00 

20.00 

21.(X) 


2 

07.00 

08.00 
09.00 


3 

09.00 

19.00 

20.00 
21.00 
22.00 


4 

01.00 


7 

18.00 

19.00 

22.00 


8 

09.00 

10.00 


9 

20.00 

21.00 

22.00 

23.00 


10 

00.00 

06.00 

07.00 

08.00 
09.(K) 
10.00 


13 

18.00 

19.00 


14 

08.00 

09.00 

10.00 


15 

02.00 

03.00 

04.00 

05.00 


16 

09.00 

10.00 
19.(K) 
20.00 
21.00 
22.00 
23.00 


17 

02.00 

03.00 

04.00 

05.00 

06.00 
20.00 
21.00 
22.00 
23.00 


18 

00.00 

06.00 

07.00 

08.00 

09.00 

10.00 
12.00 


20 

23.00 


* Local thuntestorms. 


^ Month & 
Me. Km. 

2 00 90 

6-25 120 
6 00 120 
A 79 120 
600 135 
6-75 135 
6-60 120 
6 CK) 120 
5-25 120 


6-45 120 
6-(K) 120 
6 25 120 


6-10 135 

3-60 120 
3 00 105 

2-60 90 

2-40 90 


2-00 90 


4-75 105 

4-00 105 

3 - 30 105 


4 75 120 

5-00 120 


5-20 120 

5- 50 120 

4-75 105 

3- 00 105 

4- 25 105 

2-65 90 

3 50 105 

6- 25 120 

5- (K» 120 

6 25 120 


4 50 120 

3-15 120 


4-00 105 
4 25 105 
4 50 120 


3-05 90 

3-15 90 
3-25 90 
3-00 90 


4-10 105 

4 - .50 105 

5- 00 120 

4-75 120 

8-60 120 

6- 45 120 

4 65 120 


2-70 105 

2-55 90 

2- 35 90 

7-95 105 

7-95 105 

3- 00 105 

3 50 105 

4- (K) 105 

3-75 105 


8-00 90 

3- 25 90 

4- 25 105 

6 00 105 

6 00 120 

6- 25 120 

7- 00 135 

8 40 105 


TABLE 

1 — cotUd. 



Date 

Hour 





Me. 

Km. 

21 

00.00 

3*80 

90 


02.00 

3-00 

90 


07.00 

3-70 

105 


08.00 

4-00 

105 


19.00 

4-25 

105 


20.00 

4-00 

105 


21.00 

3-75 

105 


23.00 

2-50 

90 

22 

00.00 

4 25 

90 


01.00 

5-25 

90 


02.00 

5 «5 

90 


03.CM) 

tSi '5 

90 


04.00 

4- ;o 

90 


05.00 

7-90 

105 


06.00 

3-10 

105 


07.00 

4-50 

105 


08.00 

4-70 

105 


09.00 

5 - 2t> 

120 


10.00 

4-25 

120 


11.00 

7-25 

120 


17.00 

5-25 

135 


18.00 

6-(K) 

135 


19.00 

4-85 

120 

28 

08.00 

4-60 

120 


09.00 

4-75 

120 


10.00 

4-80 

120 


11.00 

4-80 

120 


12.00 

4-90 

135 


•18.00 

11-75 

150 


20.0(» 

10-50 

150 


21.00 

7-70 

135 


22.00 

4-40 

120 


23.00 

3-20 

120 

24 

00.00 

3-00 

105 


03.00 

2-65 

90 


04.00 

5-25 

105 


05.(X) 

3-55 

105 


06.(K) 

4-70 

105 


07.00 

5-50 

120 


•08.00 

6-45 

120 


09.00 

6-50 

120 


10.00 

7-25 

135 


11.00 

7-00 

135 


17.0t» 

7-20 

120 

25 

09.00 

6-70 

120 


10.00 

6-90 

135 

•27 

17.00 

6-75 

135 


18.tK) 

10 40 

135 


19.00 

8-75 

120 


20.00 

4-25 

120 


21.00 

3-80 

105 


22.00 

3-00 

105 


23.00 

2-80 

90 

28 

00.00 

2 70 

90 


01.00 

2 - 50 

90 


02.00 

2-40 

90 


06. (K) 

3-20 

105 


07.00 

10-50 

105 


08. (KJ 

7-75 

105 


09.(K) 

8-00 

120 


10.00 

10-75 

135 


17.00 

3*25 

135 


18.00 

3-55 

120 


20.00 

2-70 

105 


23.00 

1-75 

90 

29 

00.00 

2-00 

90 


05.fK) 

4-05 

105 


06.00 

4-90 

105 


08.00 

4-75 

105 


17.00 

4-00 

120 

30 

09.00 

6-85 

120 


17.00 

4-10 

120 


18.00 

3-40 

105 


20.00 

3-26 

105 


21.00 

2-90 

105 


22.00 

4-00 

105 


23.00 

3-20 

90 


* Local thunderstorms. 


Jellies & Related Products from 
Tamarind Seed Kernels 

P. S. RAO 

Forest Research Institute, Dehra Dun 


J ELLIES, marmalades, etc., have so 
far been dietetic luxuries in our coun- 
try on account of their high cost. 
However, with the discovery of tama- 
rind seed jellose, it is possible to bring them 
within the reach of the poor man as the 
jellose possesses excellent jellying properties 
and would be far cheaper than any of the 
fruit pectins. 

Tamarind seed jellose^ forms excellent 
sugar jellies, with or without a!cids, though 
it differs chemically from fruit pectins, and 
the jellies so form^ compare favourably in 
strength and transparency with those ob- 
tained from fruit pectins. Since the jellose 
is a colourless, odourless and tasteless pro- 
duct, its addition does not, in any way, affect 
the natural colour, flavour and taste of fruit 
juices from which jellies are to be prepared. 
Moreover, on account of its capacity to set 
even without acid, it scores over the fruit 
pectins. For example, it can form jellies 
with milk and sugar in the same way as it 
does with water and sugar. Another ad- 
vantage is in the preparation of marmalades 
of particularly non-acidic fruits like figs, 
currants and bananas, since no acid taste 
need be introduced as when fruit pectins 
are used for the purpose. Tamarind seed 
jellose may also be advantageously used in 
the preparation of products similar to fruit 
preserves, wherein the form of the original 
fruit, either whole or cut, is to be 
retained. 

There are indications that the jam, jelly 
and marmalade manufacturers are beginning 
to use jellose in place of fruit pectins and, 
therefore, it would be appropriate if a process 
which helps to lower the cost of production 
were to be worked out. It is now suggested 
that an aqueous extract of the kernels may 
be u^ in place of a solution of the isolated 
and purifi^ e^ctract can be 

kept without any deterioration for two 
days at the ordinary temperature and for a 
much longer period in a frigidaire. The 
jellies formed aif, however, slightly less 


transparent but the reduction in the pro- 
duction costs far outweighs this drawback. 

Preparation of Jelilea 

Tamarind seed kernels ( 1 lb.) are crushed 
to small bits, and boiled with water ( 5 gal.) 
for an hour in a kettle, preferably of stainless 
steel, of 10 gal. capacity. The kettle may 
be heated directly. The contents are then 
discharged into a tall settling vessel, 1' in 
diam. and 3' in height. The next day the 
supernatant liquor from the settling vessel 
is siphoned into a mixing tank provided 
with a stirrer, mixed with infusorial earth 
( 0*3 lb.) and then passed through a small 
filter-press, whereby a clear extract ( c. 
4 gal.) containing about 1 per cent of jellose 
is obtained. Alternatively, the liquor may 
be filtered through a bag filter made of 
heavy canvas, felt or other thick cloth, 
but in this case the filtrate will not be so 
clear. The extract is then led to a steam- 
jacketed, stainless-steel, open kettle of 10 
gal. capacity, mixed with sugar ( 34 lb.) and 
boiled with thorough mixing. The boiling 
may also be done in a directly heated vessel, 
provided proper stirring is maintained right 
through the operation. If an acid taste is 
desired, citric acid ( 0*5 lb.) is added. 
During boiling the juice is skimmed in order 
to remove the coagulated material, if any. 
The mixture is further concentrated till its 
density is reduced to 65° to 70° Brix. This 
concentration can be conveniently judged 
by reference to the boiling temperature of 
the jelly solution, which will be 8° to 9°F. 
above the boiling point of water, that is 
220° to 221 °F. at sea level*. After the 
heating is over, a suitable colour and flavour- 
ing agent are add^ and the solution trans- 
ferred into jelly glasses and allowed to set 
in a cool place. If intended for storage, the 
jelly solution, while still hot, is filled into 
enamel-lined jam cans, pasteurized at 180°F. 
for half an hour, preferably after the addition 
of a suitable preservative, and sealed. The 
yield of the jelly is about 581b. 
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Under the conditions described above for 
the extraction of the kernels, a liquor con- 
taining 1 per cent of the jellose is obtained. 
Should the concentration, however, be dif- 
ferent ( which can be estimated by preci- 
pitating the jellose from an aliquot part 
by alcohol and weighing it after drying® ), 
the amounts of the sugar and the acid are 
adjusted for the preparation of the jelly 
according to the formula, jellose : acid : 
sugar : : 4 : 5 : 340. 

Preparation of Marmalades 

A marmalade is a jelly with thin pieces 
of fruit suspended in it. Though oranges 
and lemons are the common fruits em- 
ployed, other fruits can also be used. 

The fruit is shredded or finely sliced, and 
boiled in a steam-jacketed jelly kettle with 
16 times its weight of the clarified tamarind 
kernel extract ( 1 per cent concentration ). 
Boiling is continued till the slices become 
tender, water being added at intervals to 
make up the loss through evaporation. The 
actual duration of heating would naturally 
depend upon the nature of the fruit ; it may 
be an hour as in the case of the hard orange 
peels or a few minutes as in the case of the 
tender banana fruit. The product is then 
mixed with 13-5 parts of sugar and boiled 
with mild stirring, toncentration is conti- 
nued till the boiling point rises to 220"" to 
221 °F. Subsequent operations are just the 
same as in the preparation of jellies. 


Preparation of “ Jellied Fruit ” 

These products are similar to fruit pre- 
serves, with the difference that jelly is used 
in place of syrup for the suspension of the 
fruit. The fruit should retain its form, 
either cut or whole, and should be crisp 
rather than soft. The essential operations 
are : (1) preparation of the fruit and 

(2) setting it in jelly. 

The fruit is prepared as in the case of 
candied fruits by heating for a minute or 
two on successive days in syrups of pro- 
gressively increasing concentration up to 
65° Brix. and allowing it to get impregnated 
with sugar after each heating. The process 
is followed by drying. When ready, the fruit 
is placed in a suitable container, and the jelly 
solution, the preparation of which has 
already been described, is poured just to 
cover the fruit. On cooling, a firm jelly 
imbedding the fruit results. 

The jelly-covered fruits may solve the 
problem of metallic containers to some 
extent. They are firm and can be packed 
in waxed paper cases enclosed in cardboard 
boxes. 
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* Vermiculite— Its Occurrence, Origin & Uses 


B. P. RADHAKRISHNA 


Mysore Geological 


V ERMICULITE, according to Dana, 
is a group name given to a number 
of micaceous minerals which are 
the alteration products chiefly of 
the micas, phlogopite and biotite. Many 
of them are stated to be of an in- 
definite chemical nature, their composition 
var5dng with that of the original mineral 
and with the degree of alteration. The 

^ Published with kind permission of the Director, 


Department 


minerals of the group possess the peculiar 
property of exfoliation, slowly opening out 
when heated into long, worm-like threads. 
Jefferisite, vermiculite, culsageeite, kerrite, 
lennilite, hallite, philadelphite, vaalite, 
maconite, dudleyite, pyroselerite are some 
of the minerals included in this group. 

The vermiculites, till recently, had 
remained an obscure group which found 

Mysore Cieological Department. 
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little or no practical application in industry. 
Within the last decade, however, this 
mineral has come to occupy a leading 
place among the industrially important 
minerals, and the production of vermi- 
cidite is on the increase everywhere. A 
search for the mineral is being vigorously 
pursued in all countries. 

Last year, some of the mica-like minerals 
found near corundum pits in parts of the 
Tumkur district were tested and found to 
possess the characteristic property of ex- 
foliation by expansion. A short note was 
contributed to Current Science^ regarding 
the occurrence of this important mineral 
in Mysore and drawing attention of investi- 
gators to the possibility of finding better 
deposits in other parts of the State. Since 
the publication of this note considerable 
interest has been aroused and a concerted 
search for the mineral has been made. 
This has resulted in the location of a few 
important deposits where detailed pros- 
pecting has revealed the mineral to occur 
in quantity. The composition and dis- 
tinguishing characters of this mineral, its 
mode of occurrence and origin, localities 
in Mysore State where it is found and its 
industrial uses are briefly described in this 
note. 

Composition & Distinguishing Characters 

Table I gives chemical analyses of ver- 
miculite from (1) Bageshpura and 
(2) Malavanghatta. 



TABLE I 



(1) 

(2) 

SiO, 

A1,0, 

3810 

36*06 

17*24 

20*48 


8*24 

1*82 

16*91 

8*12 

CaO 

8*20 

3*54 

MgO 

15*40 

12*05 

K.O 

... 

0*12 

Na,0 

MnO 


Tr. 

TiO, 


0*64 

H.O 

17*12 

7*82 


100*71 

100*64 


The variation in chemical composition 
seen is probably due to the varying degree 
of alteration of the original biotite and to 
its being intimately mixed with talc and other 
hydrous ferro-magnesian silicates. 

The mineral is generally brown in colour 
with a bronzy metallic lustre, but shades 
of dark-green are also common, It looks 
like any piece of mica but is inelastic and 
brittle. It is soft and has a soapy feel. 


On application of sudden heat, it expands 
ten to fifteen times its original volume. 
This property serves to distinguish it from 
the rest of the micas. The expansion 
is followed by a change in colour from 
brown to a pleasing silvery or golden- 
yellow colour. The specific gravity of the 
unexpanded material varies from 2*5 to 
2*6. This gets reduced to 0*1 on expansion. 
The swelling of vermiculite on heating is 
explained as due to the release of water 
between the cleavage flakes and the soapi- 
ness and oiliness as due to the presence 
of free alkalies on cleavage faces. 

Mode of Occurrence & Origin 

Vermiculite is generally found in the 
neighbourhood of altered ultrabasic rocks 
like peridotites and amphibolites. The 
presence of vermiculite on the surface is 
indicated by the presence of slippery soil 
composed of mica flakes. When closely 
examined, it is seen that these mica-like 
flakes are crowded along the borders of the 
ultrabasic mass in contact with intrusive 
bodies of igneous rock. At Bageshpura, ver- 
miculite is found developing in an amphi- 
bolite at contact with an intrusive pegma- 
tite. Glistening, bronze-coloured, mica-like 
flakes are crowded together at these 
contact zones giving the appearance of an 
altered mica schist. Where bands of amphi- 
bolite occur in the form of thin ribbons 
and caught-up patches in the pegmatite 
and gneiss, the alteration to vermiculite 
is complete, but where the amphibolite 
bands are several feet in thickness, vermi- 
culite is seen developing only along the 
edges of the amphibolite mass. At Mala- 
vanghatta and at Chunchankatte, vermi- 
culite is seen developing at the edges of a 
coarsely crystalline hornblende schist at 
contact with a muscovite-bearing pegmatite. 
In all these three localities, apatite occurs; 
as grains and lumps in the vermiculite 
zone. It is of interest to note that apatite 
is found in appreciable quantities asso- 
ciated with vermiculite in the well-known 
deposits at Libby, Montana and at Pala- 
bora in Transvaal. The presence of apatite 
points to the hydrothermal nature of the 
alteration. 

It is generally recognized that pegma- 
tites intruding ultrabasic rocks get de- 
silicated and the excess alumina in the 
intruding mass crystallizes as corundum at 
contact with the ultrabasic. The desili- 
cation has its effect upon the ultrabasic 
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rock too as much of the silica is absorbed. 
The result is that the serpentine of the 
ultrabasic rock gets converted into talc 
and phlogopite as a result of the addition 
of silica abstracted from the pegmatite. 
The large amount of water released by the 
transformation o*f serpentine to talc would 
probably effect the alteration of phlogo- 
pite to vermiculite. The development of 
vermiculite in the ultrabasic rocks at con- 
tact with corundum aplites and pegmatites 
is commonly noticed in all corundum 
areas. It is, therefore, clear that vermi- 
culite is a contact mineral developed in 
ultrabasic rocks at contact of intrusive 
pegmatites and gneisses. Weathering by 
itself seems to have little action in the 
formation of vermiculite. 

In the case of hornblendic rocks, the 
hornblende appears to have got transformed 
into biotite at contact of intrusive pegma- 
tites and gneisses. Further alteration of 
the biotite through hydrothermal action 
of water and other dissolved gases 
seems to have resulted in the formation of 
vermiculite. 

Occurrence 

Bageshpura Area — The country to the 
east and north-west of Bageshpura, a 
railway station on the Mysore-Arsikere 
line, exposes a highly cut-up ground com- 
posed of kaolinized granites and pegma- 
tites with intercalated lenses of altered 
ultrabasic rocks which at places are 
corundum bearing. The contact zone of 
the ultrabasic rock with the pegmatite shows 
the formation of tiny flakes of bronze- 
coloured vermiculite. The development of 
vermiculite is strong only at the contacts 
while the interior of the ultrabasic mass 
remains talcose and actinolitic. 

A number of bands of these ultrabasic 
rocks can be traced amid the gneisses in 
the area, showing a greater or lesser deg- 
ree of development of vermiculite along 
contact zones. So far, no single prominent 
band several yards in width and hundreds 
of feet in length has been traced. Pros- 
pecting has shown some of the bands to 
pinch out at depths. The area over which 
the bands are distributed is very large 
and a careful and systematic search is like- 
ly to reveal larger and better deposits of 
the mineral than hitherto found. Vermi- 
culite in this area could be collected as a 
by-product of kaolin mining. In one loca- 
lity near the Appenballi temple, bluish- 


green crystals of apatite are seen distributed 
uniformly in the form of grains throughout 
the vermiculite zone. 

Channarayapatna Area — Specimens col- 
lected by the late Sri P. Sampat Iyengar 
as biotite schist from near the apatite 
occurrences at Malavanghatta, a village 5 
miles east of Channarayapatna, Hassan 
district, were found to possess the characters 
of vermiculite. This occurrence was taken 
up for detailed prospecting early this year. 

The deposit of vermiculite is situated 
in a small water course about three furlongs 
NNE. of Malavanghatta. It is seen as a 
highly crumpled schist band on tne surface 
and is twisted about in all directions. It is 
about 30' wide and can be traced for a 
distance of about 200'. On account of the 
folding, the width of the band appears to 
be more at a few places. The parent rock 
which has given rise to the vermiculite 
is a hornblende granulite. There are a few 
thin pegmatite veins but no regular out- 
crops. Nearby is an east- west running 
hornblendic dyke and a band of highly 
actinolitic and talcose ultrabasic rock which 
too shows vermiculite in patches. Pros- 
pecting pits have reached a depth of 20' 
and show vermiculite right through to 
this depth. In the vermiculite zone, here 
and there are a few lumps of greenish apatite 
and also unaltered islands of bluish-green 
hornblendic rock. Vermiculite from this 
area is dark and looks like biotite. In the 
neighbourhood there are several other minor 
occurrences of vermiculite in the form of 
thin ribbons and lenses. 

Chunchankatte Area — Good specimens of 
vermiculite have been obtained from near 
Chunchankatte, 9 miles WNW. of Krishna- 
rajanagara, Mysore district. The vermi- 
culites from this area are bronze-yellow 
to dark-green in colour. In hand specimens, 
a few crystals of light-green apatite can be 
recognized. Vermiculite has developed in 
a coarsely crystalline hornblende schist at 
contact with a muscovite-bearing pegma- 
tite. The vermiculite band is about 3' 
wide and is traceable on the surface for a 
distance of about 1,000'. There are several 
other minor bands by its side. The deposit 
has not yet been prospected. 

Nidavanda Area — The highly cut-up 
ground to the north and north-east of 
Appagondanhalli, about 4 miles ENE. of 
Nidavanda Railway Station, shows up 
kaolinized gneiss with caught-up bands 
and shreds of black and green hornblendic 
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rock in all stages of alteration. The borders 
of these schist inclusions in contact with 
the gneiss or pegmatite show incipient 
development of flakes of vermiculite. Some- 
times they are in the form of minute brown 
flakes distributed uniformly throughout the 
mass, and at others in the form of large 
plates crowded together in narrow mar- 
ginal zones. Most of the occurrences are 
thin and no large development was noticed. 
The area is extensive as at Bageshpura 
and further search may reveal some wwk- 
able deposits. 

Pavagada Area — It was in this area that 
vermiculite was first noticed. East of 
Nagalmadike and Bugadur, very near the 
State border, are a few corundum pits round 
which are seen a number of glistening flakes 
of bronze-coloured vermiculite. The loca- 
lity is far in the interior and devoid of all 
communications and as such prospecting 
was not taken up. 

World Occurrences 

The earliest known deposit of vermi- 
culite is probably the one at Libby, Mon- 
tana, U.S.A., and this deposit has been 
described as a hill, 1,000' high, and almost 
a square mile in extent, wholly composed 
of vermiculite. Vermiculite has developed 
in an altered peridotite in contact with 
syenite and the rock is stated to contain 
up to 7 per cent of apatite. 

The other well-known deposit of vermi- 
culite is in the Palabora district of Transvaal, 
where it was first considered to be merely 
an accessory to apatite. Exploratory work 
revealed the deposit to extend over an area 
of nearly 3/4 mile and to a depth of nearly 
80' in places. Vermiculite in this area is stated 
to occur in the form of platy aggregates 
capable of easy sorting and grading. The 
reserves are estimated at 1,000,000 tons. 

Important Russian deposits are near 
Bulduin in the Ural Mountains. The 
deposits are stated to be of considerable 
extent and of commercial quality. 

Vermiculite is described to occur at 
Bulong, east of Kalgoorli and at Yellowdin 
and Young river in Australia. 

The world resources of vermiculite, it 
would appear, are limited. 

Industrial Uses 

The uses of vermiculite are based upon 
its property of being extremely light and 
at the same time somewhat refractory with 
low conductivity to heat and sound. 


Exfoliated vermiculite weighs only 6 to 
8 lb. per c. ft. as compared with sand which 
weighs 100 lb. and is, therefore, extensively 
used in .concrete work in place of sand to 
save weight. Vermiculite concrete weighs 
only 25 to 50 lb. per c. ft. compared to ordi- 
nary concrete which weighs 130 to 150 lb. 
This effects considerable savings because 
of reduced columns and beam sections and 
of lighter foundations. The property vermi- 
culite has of holding small pockets of 
air between non-conducting fibres or plates 
makes it a good insulator. It is, therefore, 
used as an aggregate in insulating plaster 
and concrete. Vermiculite concrete, on ac- 
count of its light weight and insulating 
properties, is used in making panels for 
prefabricated houses, roof decks, etc. An 
inch of vermiculite plaster is stated to give 
4 times the fire-proofing effect of ordinary 
plaster. It is reported that an insulating 
block of vermiculite bonded with 25 per 
cent of colloidal magnesium silicate with- 
stands a temperature of 2,000°F. Vermi- 
culite concrete bricks are used for lining 
furnaces to withstand temperatures up to 
1,600°F. Lining domestic stoves with 
vermiculite concrete is stated to lead to 
decreased fuel consumption. 

Because of the continuous channels con- 
nected witb small pores which expanded 
vermiculite provides, it is greatly useful 
for sound insulation and is extensively 
employed in radio studios, theatres and 
libraries to improve acoustics and reduce 
noise. Monolithic cast in situ sets of sound- 
absorbing panels for aeroplane engine test- 
ing sheds have been made out of vermiculite 
concrete. 

A new building material, Pyrok ", has 
been developed in Great Britain from 
vermiculite. It consists of vermiculite bond- 
ed by a mixture of lime and cement. It 
is a surfacing material which is water- 
proof and fire resistant and adheres strong- 
ly to any surface including wood, steel, 
asbestos and cement, and is free from the 
usual cracks evident in plaster. It is 
finding application in the ship-building 
industry as a coating to the underside of 
steel decking. 

During the recent war, tankers that were 
likely to be exposed to bombing attacks 
had slabs and blocks of vermiculite concrete 
placed on their decks. 

Expanded vermiculite has a very pleasing 
golden-yellow colour like that of gold dust 
and the powdered material is used in wall 
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paper decoration. Another use of vermi- 
culite is as a lubricating agent. It is 
reported that it does not abrade and the 
powder has lubricating properties similar 
to graphite. New uses are still being dis- 
covered and with the passing of years 
vermiculite is tending to occupy a leading 
position among the industrially important 
minerals. 

Production Sc Costs 

The following information relating to the 
production and value of vermiculite produced 
in the United States of America is extracted 
from the Minerals Year Book ( 1946 ) : 

Screened and cleaned vermiculite 
averages $8 to $12 per short ton. Recent 
information obtained from exfoliators places 
the loss of weight on expansion at about 
5 per cent. Assuming an average price of 
$75 per ton the total value of exfoliated 
vermiculite sold in 1946 would be approxi- 
mately $6,155,000." Table II gives figures 
of screened and cleaned vermiculite sold or 
used by producers in the United States 
for the years 1935-39 and 1940-46. 


TABLE II 


Year 

Quantitv, 

TONS 

Value, 

1 

19?l6-39 (average) 

18,486 

180,297 

1940 

22,299 

137,698 

1941 

23,438 

125,444 

1942 

57,848 

319,931 

1943 

46,645 

471,595 

1944 

54,116 

541,744 

1945 

64,808 

648,077 

1946 

86,390 

867,973 


Future Scope 

Considerable amount of work remains 
to be done in the direction of an intensive 
survey of large tracts of country covered 
by ultrabasic rocks intruded by acid and 
basic intrusives with a view to locating 
commercially important deposits of vermi- 
culite. Laboratory experiments have to 
be conducted on a large scale to find out 


the behaviour of local vermiculite under 
different temperatures. As the amount of 
expansion on heating is a criterion for 
establishing the market value of vermicu- 
lite, maximum expansion will have to be 
ensured by cleaning and grading the product 
first and subjecting it to the right tempera- 
ture. A suitable plant will have to be 
designed for cleaning the mined product 
and subjecting it to the right temperature 
to ensure maximum exfoliation. 

Again, in making use of vermiculite in 
concrete, experiments have to be ^conducted 
regarding the method of mixing, the pro- 
portion in which the different materials 
have to be mixed and similar related matters. 
Such concrete slabs will have to be then 
tested for their acoustical and sound-proof- 
ing properties. The use of vermiculite 
concrete in building structures has to be 
actually demonstrated by building experi- 
mental units. For insulation of hot pipes 
and as loose fill round boilers, vermiculite 
will find increasing use. The use of vermi- 
culite in prefabricated houses in the 
form of precast slabs has to be investi- 
gated and a workable formula regarding 
large-scale manufacture of such slabs 
arrived at. 

Experiments on these and other similar 
lines have to be carried out by our research 
institutions on the basis of which a flour- 
ishing vermiculite industry could be built 
up in this country. The world supply of 
the mineral appears to be short compared 
to the demand. A well-planned explora- 
tion of the area covered by ultrabasic rocks, 
it is hoped, will reveal large and better 
deposits than hitherto found and will make 
this country not only self-sufficient in 
respect of this wonder mineral but also 
permit of export outside. 
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Inter-Crystalline Failure 
of Bullet-proof Armour Plate 

B. R. NIJHAWAN 

National Metallurgical Laboratory, Jamshedpur 


T he present work concerns armour 
plates made of nickel-chromium 
alloy steels which had developed 
cracks after leaving the assembly 
sheds. The standard procedure of sub- 
jecting the plates to specified ballistic fire 
tests and thorough examination for any 
cracks before and after assembly had 
strictly been adhered to and no cracking 
was discovered until much later. Fig. 1 
shows one of the armoured carriers with a 
cracked plate. Except the side X, the other 
three sides had been welded. Side X was 
riveted and in the majority of armour plate 
failure cases, cracking started from side X. 
Only in one case cracking started from 
side Z. Cracking, as it generally occurs, is 
shown in Figs. 1 and 2. It will be noticed 


that cracking started from the welded side 
A ( Fig. 1 ) and the 3 welded sides were 
crack free. 

Table I gives the chemical composition 
of the cracked plates. 

Fig. 3 shows a typical crack passing 
through the bulge caused by bullet fire 
during the ballistic test. This crack had 
developed after the assembly of the plate 
into an armoured carrier and was not 
observed during any of the inspection 
stages. 

Physical Properties 

The above set of plates were tested for 
bend, Izod impact and ballistic tests using 
stronger ammunition than that specified. 
The results are given in Table II, 



Fig. t — Shows the cracked hull of an armoured car ; position of cracks shown at A and A|. 
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TABLE I — CHEMICAL COMPOSITION OF CRACKED PLATES 


Plate 

Carbon 

Manganese 

Sulphur 

Phosphorus 

Nickel 

Chromium 

Molybdenum 

No. 

o/ 

/o 

% 

% 

O/ 

/o 

O/ 

/o 

% 

% 

1 

0-41 

0-57 

0012 

0 026 

4-60 

1-57 

0-26 

2 

0-40 

0-56 

0 011 

0 032 

4-33 

1 .'»3 

0-44 

3 

0-41 

0-51 

0011 

0 022 

0-20 

1 • 38 

0-22 

4 

0*40 

0-5« 

0 010 

0 036 

4 39 

1-43 

0 31 

5 

0-39 

0-54 

0010 

0 036 

4-38 

1 46 

0-34 

0 

0*37 

0-48 



4 33 

1-39 

0-43 


TABLE II — PHYSICAL PROPERTIES OF CRACKED PLATES 


Plate 

No. 

Actual thick- 
ness, 

Bend test 

IZOD IMPACT 
TEST, 

Firing 

TESTS 

ANGLM OP BEND 


,, “ *— — N 


in. 

BEFORE FRACTURE 
deg. 

ft./lb. 

With 12 inni. ammunition 
( as specified ) 

With 14 mh> ammunition 

1 

0-487 

0-492 

* 68 

6, 5 ’ 6 

Test 0 . K.; no cracking from 
bullet mark 

0. K.; no cracking 

2 

0-r>02 

0-505 



Test O.K.; slight cracking at 
bullet mark and near a Brinell 
impression developed in storage 

Slight cracking on the 
other side 

3 

0-484 



Test 0 . K.; slight cracking devel- 

Slight cracking on the 


0-487 

35 


oped at bullet mark 

other side 

4 

0-495 



Test O.K.; slight concentric 

Bulging and slight crack- 


0-490 

75 

5, *6,‘ 5 

cracking at the bullet mark on 
the other side 

ing on the other side 

5 




Test O.K.; slight cracking at 
the bullet mark on the other 
side during storage 

No cracking at the bullet 
mark 

6 

0-492 



Slight cracking developed at 

Cracking on the other side 


0-497 

53* 

11, 1*2,* 10 

the bullet mark 

with slight bulging 


unwsldbo Sioe a 



Fig. 2 — Shows the starting of the crack 

FROM THE UNWELDED SIDE OF THE ARMOUR PLATE. 


It was considered necessary to examine 
along with the cracked plates some more 
plates of 12 mm. thickness which had with- 
stood the ballistic tests and had developed 
no cracks so far. Tables III and IV re- 
present the properties of a typical uncracked 
plate. 

It will be observed that the cracked plates 
exhibit almost the same physical properties 
as the sound glate No. 7. 

Surface Hardness of Plates 

It can be gathered from Figs. 4-7 that the 
surface hardness of plate No. 1 was fairly 



Fig. 3 — Shows cracks passing through a 

BULGE BY BULLET FIRE ; A ; CRACK ; B : BULLET 

mark. ‘ 
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TABLE III — CaiBMIGAL COMPOSITION OP UNGRAGKED PLATE 


Plate 

No. 

Car BO 

% 

Manganese 

% 

Silicon 

% 

Sulphur 

% 

Phosphorus 

% 

Nickel 

% 

Chromium 

% 

Molybdenum 

% 

7 

0-32 

0-51 

0.139 

0001 

0 020 

434 

1-30 

0-38 


TABLE IV -- PHYSICAL PROPERTIES OP 
UNCRACKED PLATE 


Plate 

No. 


7 


Bend test, 

ANGLE OF BEND 
BEFORE FRACTURE 

deg. 


52 


IZOD IMPACT 
VALUE 


7, 8. 8 


Surface 

Brinell 

HARDNESS 
values AT 

VARIOUS POINTS 

440-470 


uniform at about 460 Brinell. Fig. 4 shows 
the variation of surface hardness along the 
cracked edge of the plate. The extreme 
variation at the gas cut edges is caused by 
the application of heat and sudden cooling 
after gas-cutting and bears no relation to 
the cracking of the plate. 

Plate No. 2 showed appreciable variation 
in the surface hardness ranging from 432- 
467 Brinell. Fig. 5 shows the variation of 
hardness along the cracked edge which rises 
up to 481 to 487 Brinell. 

Plate No. 3 showed considerable variation 
in the surface hardness between 450-490 
Brinell. Fig. 6 illustrates the extreme 
variation and increase in the surface hardness 
along the cracked edge of the plate and the 
edge adjacent, the maximum value attained 
being 540-586 Brinell. 

Plate No. 4 exhibited a surface hardness 
variation from 415-451 Brinell. 


Plate No. 5 showed a surface hardness 
between 450 and 468 Brinell. The surface 
hardness of Plate No. 6 varied between 467 
and 488 at various points. Fig. 6 illustrates 
the variation in hardness along the cracked 
and the welded edges of the plate. 

Plate No. 7 gave a value of 454 Brinell. 

Fig. 7 shows the relationship between 
the hardness of the plates and observed 
cracking. 

Macro-examination — Macro-examination 
was done on small pieces of the cracked and 
sound plates. 

Practically all the macro-reagents, designed 
to bring out the heterogeneity of the material, 
were employed but, with the exception 
of scabbiness and local ghost-streaks on the 
surface of the plates, no macro-segregation 
of the plate was observed. 

Micro-examination — The micro-structures, 
in general, were sorbitic, consisting of fine 
coalesced carbide in a ground-mass of ferrite 
( Fig. 8 ). In some cases the arrangement 
of the carbide retained, to varying degrees, 
the parent appearance of the transformed 
martensitic structure of the hardened steel 
( Fig. 9 ) ; whilst in the other cases uniform 
sorbitic structures of varying granular fine- 
ness were, observed. All the plates exhibited 


VICKERS PYR/^MtD m^DNESS NUAfdmmL CJfA^CA£^ 
II FLdXES . . 

4 . 







C.OPC 

4^0 MfQl 

«»>• 


tfoi 




PLATS 2.{ 


PLATS 




I¥£LC£0 5 /^ 



Fig. 7 






364 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 9 



Fig. 8 — Nital etch showing the micro- 
structure OF THE ARMOUR PLATE. X 100. 

micro-banding as shown in Fig. 10. The 
banding is believed to be due to hetero- 
geneity and lack of opportunity for inter- 
dendritic diffusion in the ternary Ni-Cr-Mo 
alloy steels. A transverse section through 
one of the segregated zones known as 
“ghosts" is illustrated in Fig. 11. The exis- 
tence of such abnormalities within the mass 
is a source of weakness. 

Types of Crackings 

The following represent the different types 
of cracking classified on the basis of their 
origin : 

1. Gas-cut Cracking — This develops as a 
result of gas- cutting a plate which, owing to 
imperfect or lack of annealing treatment, 
possesses considerable hardness. The cracks 
originate at various points on the edge and 
progress inwards in a straight line, traversing 
the whole section of the plate. Fig. 12 
shows the surface of such a gas-cut crack 
which is generally about 1"' to 1*5'' in length. 
The micro-structure is substantially altered 
at the edge of the gas-cut crack. Gas-cuiting 
cracks are mostly trans-crystalline and are 
due to sudden cooling from high temperature ; 
these are not caused by the gas. 

% llair4ih^ Cracks — Numerous investi- 
gations regarding the origin, nature and 
prevention of hair-line cracks in nickel- 
chromium steel have been conducted by 
sever^ workers. It has been observed that 
hair-line cracks are formed within the mass 
of the material during the cooling of steel, 


and the rate at which the steel passes 
through the 200®C. region is the determining 
factor. 

It is also suggested that formation of hair- 
line cracks does not occur immediately with 
the production of -the material but follows 
storage at room temperatures. This apparent 
induction period is explained as due to the 
slow rate of diffusion of hydrogen in steel. 

In the present investigation, hair-line 
cracking was observed in plate No. 3, the 
cracks running within the section of the 
plate Y-V away from the edge. Under 
high magnification, it was observed that 
these cracks were inter-crystalline in nature 
as shown in Fig. 13. Other examples of 
hair-line cracking met with in this work 
are shown in Figs. 9 and 14. 

Cold Work Cracking ( Brinell & Bullet- 
cracking) — A piece was cut in plate No. 3 
on whose surface, next to the cut edge, a 
Brinell hardness test was taken during 
routine testing. The piece was given a 
microscopic polish on the sides and examined 
for hair-line cracks. On the side of the 
Brinell impression, a fine crack was noticed 
to start from the latter’s impression and 
proceed downwards. This is shown in 
Fig. 15. The crack was observed to be 
inter-crystalline and exhibited no alteration 
of micro-structure in its vicinity. The 
hardness in this case was 460-467 Brinell. 



Fig. 9 — Nital etch, showing the sorbite 

STRUCTURE AND INTER-CRYSTALLINE CRACKING 
OF ARMOUR PLATE. X 300. 
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Fig. 10 — Cupric etch, showing micro-band- 
ing IN ARMOUR PLATE. X 300. 



chloric acid etching. It is possible that during 
the hot-etching treatment the crack further 
opened out or cracks may actually form 
during the hot-etching treatment itself owing 
to the release of the strain in the material 
in the vicinity of a Brinell impression. This 
occurs only when the hardness is over 400 
Brinell ; below this range hot-etching treat- 
ment does not give rise to Brinell-cracking. 
Brinell-cracking is, therefore, the cracking 
that develops instantaneously or during 
storage after Brinelling, and without the aid 
of hydrochloric acid hot-etching treatment. 

In a few cases, Brinell-crackin| developed 
during storage, i.e. 10 lo 12 hr. after Brinell- 
ing, but generally it is instantaneous. As will 
be shown later, Brinell-cracking results only 
when the hardness of the ste^l is above a 
certain range. Below that range no ins- 
tantaneous or storage cracking develops 
after Brinelling. Examples of Brinell- 
cracking are shown in Fig. 15. 

Similarly “ bullet-cracking ", namely crack- 
ing which develops in the section of the 
material instantaneously or some time after 
the bullet impact, was also observed. 
For this cracking, a certain hardness range 
had to be exceeded. In all such cases of 
bullet-cracking, the material had passed 
the ballistic fire test, having withstood 
penetration, flaking or surface radial-cracking 
at the bullet impression on both sides of the 
plate. An example of the above bullet- 
cracking in plate No. 7 is shown in Fig. 16. 
It is evident that bullet-cracking opens out 
considerably on hot hydrochloric acid etching 
treatment. In another case ( high nickel 
plate, 4*5 per cent Ni.), a deep surface crack 
passing through the bullet hole developed 
in storage. This might have been initiated 
from internal bullet-cracking opening out 
at the surface eventually. Fig. 16 shows 
this type of storage-cracking. 


Fig. 11 — Transverse section through 
“ghost" in armour plate. X 100; A: micro- 
banding ; B : high nickel areas ; C : low nickel 
areas. 


The type of cracking described above is 
designated Brinell-cracking ". 

Another piece from the same plate was 
given a Brinell test and etched in SO per cent 
aqueous solution of hydrochloric acid at a 
temperature of 70X, for ^ hr. The Brinell 
cracking which developed thereby is shown 
in Fig. 15. Similarly, the surface of the piece 
developed Brinell-cracking after hot hydro- 



Fig. 12 — Gas-cut crack in armour plate ; 
A : edge of the plate ; B : gas-cut crack. 
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Fig. 13 — Nital etch shoeing inter-crys- 
talline CRACKING IN BULLET-PROOF ARMOUR 
PLATE. X 300. 

All the above test plates had received a 
preliminary heat treatment. They were first 
annealed at 630®C, after rolling, then nor- 
malized from 840X. and air hardened. This 
was followed by tempering at 400°-425X. 
and air cooling. 

It was observed that a plate which had 
received the above treatment with a resultant 
hardness of over 430-450 Brinell may be 
liable to '' BrineU-cracking It is difficult 
to define a strict range of Brinell-hardness 
with regard to BrineU-cracking. A plate 
with a hardness of less than 410-420 Brinell 
was observed to be immune to BrineU- 
cracking. Those plates, which were sus- 
ceptible to BrineU-cracking, were equally 
prone to bullet-cracking. 

Experiments were undertaken to study 
the effects of annealing and furnace cooling 
from 860°C. in relieving stresses in the 
material following normalizing at 860X. 
and tempering at 425 X. by air-cooling. It 
was shown that annealing at 860®C. did not 
impart immunity to BrineU-cracking which, 
as before, depended upon the final hard- 
ness of the material acquired after subse- 
quent normalizing and tempering treat- 
ments. The 860°C. annealing treatment did 
not soften the hard, cracked plate so much 
as the sub-critical 630X. annealing treat- 
ment did, which shows the hardening effects 
of alloying elements like nickel, chromium 
and molybdenum even with rates of cooling 
so slow as the furnace cooling. Typical 
expeiimental i^ults are given below. 


Pieces annealed at 860X. ( Table V ) were 
normalized and tempered and tested with 
the following results : 



TABLE V 


Plate 

Brinell 

Brinell 

Brinell 

No. 

HARDNESS 

HARDNESS 

HARDNESS 


BEFORE 

AFTER 

AFTER 


ANNEALING 

ANNEALING 

AT 860"C. 

ANNEALING 

AT 680°C. 

2 

444; showed 

420 ; absence of 

311 ; no Brinell- 


BrineU-cracking 

BrineU-cracking 
(11 hr. soak- 
ing ) 

400 ; absence of 

cracking ( 11 hr. 
soaking ) 

3 

488 ; showed 

203 ; no BrineU- 


BrineU-cracking 

BrineU-cracking 
( 11 hr. soak- 
ing) 

388 ; absence of 

cracking ( 11 hr. 
soaking ) 

0 

467 ; showed 

203 ; no BrineU- 


BrineU-cracking 

BrineU-cracking 
( 11 hr. soak- 
ing ) 

410 ; absence of 

cracking ( 11 hr. 
soaking ) 

7 

454 ; showed 

280 ; no BrineU- 


BrineU-cracking 

BrineU-cracking 
( 11 hr. soak- 
ing) 

cracking ( 11 hr. 
soaking ) 


The piece from plate No. 3 which had been 
tempered at 425°C. ( Table VI ) was heat 
treated as follows : 



TABLE VI — 

SOAKING PERIOD - 

- 11 HR. 

Plate 

Brinell 

Brinell 

Brinell 

Remarks 

No. 

HARDNESS 
AFTER 
ANNEALING 
AT 800°C. 

HARDNESS 
AFTER 
NORMALIZ- 
ING FROM 

860X. 

HARDNESS 
AFTER 
TEMPERING 
AT 425 ^ 0 . 


o 

420 

405 

406 

Brinell • cracking 
was noted af- 
ter normalizing 
from 860*C No 
BrineU-cracking 
after tempering 
at 425"C. 

3 

400 

488 

415 

do 

0 

388 

488 

415 

do 

7 

406 

488 

415 

do 



Fig. 14 — Nital etch showing inter-crys- 
TALLINE failure OF ARMOUR PLATE. X 300. 
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Fig. 15 — Brinell-cracking ; A : storage cracking; B: crack free; C: micro-banding. 


The piece from plate No. 3 which had 
been annealed at 630X. ( Table V ) was 
heat treated as follows. 

These two renormalized pieces ( Tables 
VII and VIII ) were again tempered at 425 °C. 
with the following results ( Table IX ) : 


table Vli 


Plate 

No. 

3 

Brinell 

hardness 

after 

TEMPERING 

AT 425“C. 

41& 

Brinell 

HARDNESS 

AFTER 

RENORMALIZING 
FROM 860"C. 

495 

Remarks 

Again exhibited 
Brinell-cracking 
after renormalizing 


TABLE VIII 


Plate 

Brinell 

Brinell 

Remarks 

No. 

HARDNESS 

HARDNESS 



AFTER 

AFTER 



ANNEALING 

RE-NORMALIZING 


AT 630X. 

FROM 860"C. 


3 

293 

492 

Exhibited Brinell- 


( no Brinell- 


cracking after 


cracking ) 


normalizing 


TABLE IX 


Plate Brinell Brinell Brinell Remarks 

No. HARDNESS HARDNESS HARDNESS 

OF PIECE OF PIECE AFTER 

(Table VIII) (Table VII) tempering 
AFTER after AT 425®C. 


NORMALIZING NORMALIZING r 


(a) FROM 

(b) FROM 

(a) 

(b) 

860°C. 

860X. 

492 

496 

415 

415 Exhibited 


Brinell-crack- 
ing after tem- 
pering in both 
cases, (a) & (b) 


The above experiments show'that Brinell- 
cracking is independent of the mode of pre- 
annealing treatment of the piece, and 
demonstrate its relation to the resultant 
final Brinell hardness of the material. 

Temper Brittleness 

It has been recorded that nickel-chrome 
steels, when tempered between 250°-450X. 
and air cooled, show minimum values in 
respect of Izod impact toughness. This 
phenomenon is termed temper-brittleness. 
Below and above this temperature range 
the Izod impact toughness exhibits a con- 
sistent rise. Even when a higher tempering 
temperature like 550°C. is employed, low 
impact values are obtained if the steel is 
allowed to cool slowly after tempering, as 
in air cooling ; but if it is quenched in oil 
or water from the higher tempering tem- 
perature, better impact values are obtained. 
The mode of cooling after tempering from 
temperature within the “temper-brittle 
ness “ range or from below it does not 
materially affect the impact toughness value. 
The slower the post-tempering cooling 
from higher temperatures, the lower is 
the final impact value and vice versa. 
The hardness of the differently post- 
tempered, cooled pieces will be practically 
the same. 

As has been shown earlier, the plates under 
investigation possess Izod impact values of 
5 to 10 ft./lb. 
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Fig. 16 — Bullet-cracking ; A: crack devel- 
oped DURING STORAGE ; B : BULLET HOLES ; C : 

bullet-cracking. 

It was thought necessary to investigate 
whether an improvement in the impact 
values of plates could be effected by varying 
the tempering temperature above the temper- 
brittleness temperature range and below it 
and by varying the mode of cboling there- 
after, without materially affecting, as far as 
possible, the degree of hardness of the 
material. 

A piece from cracked plate No. 3, which 
had received the annealing treatment shown 
in Table VI, was renormalized from 860X., 
after which it attained an hardness of 500 
Brinell. It was then tempered at 550X. 
for hr. and cooled in an air-blast. It 
showed an Izod impact value of 19-36 and 
20 ft./lb., i.e, an average of 19*6 ft. /lb. and a 
hardness of 370 Brinell. The final hardness 
was on the low side. This heat-treatment 
was termed X 1.’’ 

Another piece of plate No. 3 which had 
received the heat-treatment indicated in 
Table V was renormalized from 860X. to 
give a hardness of 492 Brinell. It was then 
teihpered at 550X. for hr. and oil- 
quenched. It gave an Izod impact value of 
32; 24 and 28 ft./lb., i.e. an average of 28 
ft./lb. The final hardness was 375 Brinell, 
again on the low side. This heat-treatment 
was termed X 2. 

The treatments X 1 and X 2 showed that 
pre-annealing treatment at 860'’C. or 630X. 
gives practically the same final hardness 
after normalizing from 860X. 

. It was regarded necessary to repeat these 
tempering experiments with a view to get a 
higher final hardness. 

. Two specimens were obtained from the 
piece which had received the heat-treatment 
X 1. Both were renormalized from 860X. 
thereby hardi^ing them to 495 BrineU. 
Both were tempered at 500X. for | hr. but 
one was cocded in air-blast and the other 
oil-qu^ohed from the tempering temperature. 


The former gave an Izod impact value of 11 
and IS ft./lb. and hardness of 420 BrineU 
and did not exhibit Brinell-cracking. The 
latter possessed an Izod impact value of 
14 and 20 ft./lb., and hardness of 410 Brinell 
and was also free- from Brinell-cracking. 

The piece from heat-treatment X 2 was 
similarly hardened from 860°C. and tem- 
pered at SOO^C. followed by water quenching. 
This gave a hardness of 430 Brinell and an 
average impact value of 20 ft./lb. and was 
immune to ** Brinell-cracking The hard- 
ness of 430 Brinell and Izod impact value 
of 20 ft./lb. are in contrast to 5 to 6 ft./lb. 
Izod impact value previously obtained 
{ Table II ). 

It was thought that by proper normalizing 
at 860*^0. and tempering at S00°C. and by 
suitable adjustment of their operational 
details, such as soaking period and the 
subsequent rate of cooling, a final hardness 
of 450 Brinell or over and an improved Izod 
impact toughness could be conferred to- 
gether with immunity to Brinell-cracking 
of the material, which is susceptible to 
Brinell-cracking after tempering at 400°- 
425X. 

By tempering above the temper-brittle- 
ness range, i.e. above 500X., there is a 
risk of the softening of the plate to 400-450 
Brinell or below ; a hardness of 450 Brinell 
or over is considered necessary to withstand 
over-matching with angle fire. 

It is, however, plausible to suggest that 
a plate tempered at a higher temperature 
( 500°C ) with its improved beneficial im- 
pact toughness of 20 ft./lb. average, and 
possessing a hardness between 400-450 
Brinell, may be equally good if not better, 
in being able to withstand over-matching 
with angle fire than the present material 
with its poorer Izod impact toughness and a 
hardness of over 450 Brinell. 

Some experiments were performed on 
pieces from plate No. 7, which were re- 
normalized from 860°C. to harden them to 
495 Brinell. These were then tempered at 
400X. within the temper-brittleness tem- 
perature range, followed by water quenching 
in one case and by oil quenching in the other. 
The former possessed 420 Brinell hardness 
and showed an average Izod impact value 
of 8 ft./lb., the latter gave 430 Brinell 
hardness and an average Izod value of 9 
ft./lb. Both possessed immunity to Brinell- 
cracking. Their Izod impact values were 
about the same as in the original 
condition. 
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Specimens from plate No. 3, treated as 
shown in Table VI with a hardness of 415 
Brinell, were renormalized at 860°C., tem- 
pered at about 220°C., followed by oil 
quenching in one case and water quenching 
in the other. The following are the results. 

Another piece from the original cracked 
plate No. 3 was treated as follows. 


storage or in service, owing to the dissipation 
and relief of internal stresses introduced 
into the material during various mechanical 
and heat treatments. 

Conclusions 

The hardness of the armour plates tested 
varied from 460 to over 550 Brinell, and the 


TABLE X 


Plate 

No. 

Initial hardness 
( Brinell ) 

Hardness after 
renormalizing 
FRO rf 860°C., 
brinell 

Tempering treatment 
AT 200“ TO 220°C.; 
MODE OF COOLING AFTER 
TEMPERING 

Hardness after 

TEMPitRING, 

brinell 

Remarks regarding 
Brinell-oracking 

3 

3 

413 

415 

400 

400 

Oil -quenched 
Water-quenched 

40.') 

49.') 

No tendency to Brinell -cracking 
do 




TABLE XI 



Plate 

No. 

Initial Brinell 
hardness 

Hardness after 

RENORMALIZING 
FROM 8(k)°C., 
BRINELL 

Mode of cooling after 
TEMPERING AT 220“C. 

Hardness after 
tempering, 

BRINELL 

Remarks regarding 
Brinell-cracking 

3 

477 

503 

Air-blast cooling 

400 

After tempering showed inuminity 
to Brinell-cracking 


It can thus be inferred that by tempering 
at low temperature, a high degree of hard- 
ness, essential to withstand over-matching 
with angle fire, can be conferred on the 
plate. 

'' Brinell-cracking ” actually implies the 
rupture of material with a high degree of 
hardness under cold-working loads such as 
are involved in Brinelling, bullet fire, ham- 
mering for flattening the plate, shock of 
riveting, fitting up and assembly stresses, 
etc. It is easily understood that such 
minute rupture cracks appear at the edges 
of the plate where cooling occurs more 
rapidly than in the interior after normalizing 
and which are liable to be harder than the 
rest of the plate. It is further evident 
that these minute cracks, once formed, are 
liable to open out in course of time, in 


hardness across various sections of the 
plates exhibited wide variations. 

To prevent cracking of these plates it 
may be necessary to keep the hardness near 
about 420-435 Brinell. In doing so, however, 
resistance to over-matching with angle fire 
may have to be sacrificed. 

If the tempering is carried out at 500°C., 
the final hardness falls down to 410-400 
Brinell or lower, but the impact toughness 
will greatly improve? 

The utmost care and uniformity of opera- 
tion should be ensured during the heat- 
treatment so that a plate is uniformly hard 
all over and has minimum cambering effects. 
The hammering operation for straightening 
and flattening the plate should be limited, 
or be performed skillfully to prevent excessive 
internal stresses. 






REVIEWS 


Trace Elements In Food, by G. W. Monier 
Williams ( Chapman & Hall Ltd., London ), 
1949, pp. 511. Price 30s. 

The book deals with such elements as 
are likely to be present in foods either natur- 
ally or adventitiously. It is surprising to 
note the number of elements which are 
inadvertently introduced in foods and the 
numerous ways in which they find such 
entrance. The use of (a) insecticides and 
fungicides in spraying plants, grains, seeds 
or fruit ; (b) preservatives in canning fruits 
and vegetables ; (c) chemicals in the prepa- 
ration of some foods and beverages are only 
a few of the important sources of some toxic 
and other comparatively innocuous elements 
apjjearing in food. Considerable research 
in food technology has minimized the chance 
of such elements being found in undesirable 
amounts but it is fairly clear that the 
possibility of contamination is not altogether 
removed. A constant watch on the use of 
newly developed methods of processing foods 
is, therefore, absolutely essential. Each of 
the elements included in the book has been 
dealt with in regard to (a) its occurrence in 
food or possible sources of contamination 
when the element is not naturally found in 
foods ; (b) its importance in plant and animal 
life ; (c) the average daily intake by human 
beings ; (d) toxic effects, if any, of excess in- 
take when it occurs ; (e) absorption and 
metabolism, and last but not the least ; (f) 
methods of estimation in biological materials. 

Under each of the above headings the 
treatment of the subject is adequate and the 
arrangement of matter conveniently disposed. 
The author's previous experience in food 
research has provided the necessary back- 
ground enabling him to do full justice to this 
important subject. The analytical portion 
of each chapter especially is of ^reat value 
since it presents a critical review of the 
methods most suitable for analysis of trace 
elements in foods. There was an urgent 
need of a book of this type in English in 
which all the relevant information on the 
occurrence, physiology, toxic, effects and 
methods of analysis of trace elements in 
foods was presented for ready reference. 
Those interested in food research must feel 


grateful to Dr. Monier Williams for making 
good that need in so capable a manner. 
There is ample reference material given at 
the end of each chapter and a suitable index 
is appended at the end. 

V. N. P. 

The Periodic Partial Failures of Ame- 
rican Cottons ; Their Causes & 
Remedies, Sciehtific Monograph 

No, 2 ( revised second edition ), by R. H. 
Dastur ( Indian Central Cotton Commit- 
tee, Bombay), pp. ix 4-172. Price Rs. 6. 

In this revised second edition of the 
monograph by Prof. R. H. Dastur, the 
original title has been modified by the omis- 
sion of the words “ in the Punjab " as it 
includes 2 additional chapters on the 
investigations conducted in Sind. As the 
first edition of this monograph was reviewed 
in this Journal, reference will be made only 
to the work carried out in Sind. 

Since their introduction into large-scale 
cultivation in Sind, after the completion of 
Lloyd Barrage in 1932, the Sind- American 
cottons have also been reported to suffer 
from bad opening of bolls, although damage 
on the same extensive scale, as in the 
Punjab, rarely occurred. The same causes 
and remedial measures, as in the Punjab, ap- 
peared to hold good for the “ bad opening " 
of bolls in Sind. The climate of the southern 
and eastern tracts which constitute the 
major area under American cottons in Sind 
is, however, comparatively mild and to 
this is attributed the absence of extensive 
damage due to ** bad opening 

Prof. Dastur has also investigated the 
conditions associated with red leaf disease. 
He thinks that there may be several different 
causes of red leaf disease as the leaves of 
hirsutum cottons have a tendency to redden 
whenever they become senescent either pre- 
maturely or at the end of the life cycle. 
The red pigment also develops in the leaves 
of hirsutum cottons as a result of injury to, 
and subsequent death of cells caused by, 
jassids. Prof. Dastur's investigation deals, 
however, with the red leaf occurring in Sind 
in absence of jassid injury. Though the 
yellow red leaf was associated with light 
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sandy soils, both in Sind and in the Punjab, 
Prof. Dastur attributes its frequent and wide- 
spread occurrence in south and east Sind to 
high night temperatures during the fruiting 
period which hastens the maturation of the 
crop. Under these conditions bolls opened 
in 32 to 40 days after setting as against 45 
to 70 days required in the middle Sind and 
the Punjab and thus the rapid maturation 
of the crop rapidly depleted the leaves of 
nitrogen and they turned yellow and sub- 
sequently red, particularly in light sandy 
soils ( over 60 per cent sand ) deficient in 
nitrogen. In another type of leaf-reddening- 
thc green colour changed to red without the 
intervening yellow and it occurred in com- 
paratively heavy soil. Manuring with nitro- 
gen did not ameliorate this condition as it 
did in the case of “ yellow red It is un- 
fortunate that further work in this direction 
could not be continued. 

To conclude in the words of Sir John Rus- 
sell : The monograph represents the results 
of years of patient scientific work honestly 
and competently carried out, and it cannot 
fail to help the growers and to stimulate 
scientific inquiry in connection with other 
crops also." 

R. D. Asana 

Growth Substances & Their Practical 
Importance in Horticulture, by H. L. 

Pear.se, Technical Communication No. 20 
( Commonwealth Bureau of Horticulture 
& Plantation Crops), 1948, pp, 233. 
Price 12s. ()d. 

In this publication Dr. Pearse has pre- 
sented a balanced review of widely dispersed 
literature on the application of synthetic 
growth substances in the propagation of 
plants, in improving seed and producing 
seedless fruit, in preventing pre-harvest drop 
and as selective herbicides. The application 
of other effects of growth substances, viz. 
on bud inhibition, flowering in pine-apple, 
healing of wounds, abscission and on ripening 
of fruit in storage is also discussed. Other 
useful features of the book are an exhaustive 
index of results obtained with cuttings of 
various species ( on rooting ) and a list of 
references. 

Students and research workers owe a debt 
of gratitude to Dr. Pearse for the pains 
taken by him in compiling an exhaustive 
source of information on this fast-developing 
branch of applied plant physiology. 

R. D. Asana 


Ultrasonics, by Benson Carlin ( McGraw- 

Hill Book Company), 1949, pp. xi-f270. 

Price $5.00. 

The book under review deals with the 
engineering aspects and application of ultra- 
sonics. The subject dealt with in this book 
is covered in 10 chapters as under. 

Chapter I and II deal with ultrasonic 
waves, including ultrasonic propagation, 
refraction and generation. Different modes 
of cuts of quartz crystal used in the genera- 
tion of ultrasonic waves are described in a 
general way in chapter III. Description 
of crystal holders for ultrasonic use follows 
in the next chapter. After a general des- 
cription of resonance and reflection pheno- 
mena in chapter V, chapter VI continues 
with continuous wave ultrasonic systems. 
Chapter VII gives an account of pulsed 
ultrasonic systems. Dispersion and coagu- 
lation, degassing, some of the chemical 
effects and applications in metallurgy are 
enumerated in the chapter following ( VIII ). 
Elementary description of magnetostriction 
is given in chapter IX. The book closes 
with a chapter on practical considerations 
in the application of ultrasonics, such as 
testing raw materials, finished materials, 
measurement of thickness, its use in tele- 
vision, signalling, medicine, etc. 

While the book cannot claim to cover the 
important fundamental researches made 
in the last 15-20 years, especially on the 
optics of ultrasonics, yet it gives, in a sketchy 
way, a description of a few of these results. 
The book is very weak on the theoretical 
treatment of the subject as a whole, but it is 
very comprehensive in the description of 
minor details, not readily found in other 
books, which are nevertheless very useful 
for the experimenter ; as for example, 
whole chapters have been devoted to the 
description of crystals and crystal holders 
for use in ultrasonic investigation, while 
useful hints on crystal plating, crystal 
cleaning, etc., are also to be found in this 
volume. 

On the whole, one would find that 
this book rather supplements the well- 
known treatises on the subject by Berg- 
mann and by Heidemann ; and, though 
the treatment of the subject is elementary, 
the book is an useful addition and can be 
read with advantage, particularly by the 
beginner. 

S. Parthasarathy 
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Introductory Notes on Chromatography, 

compiled and published by the British 

Drug Houses, Ltd., 1948, pp. 40. 

This booklet provides a convenient 
means of introducing the subject of chro- 
matography to those who have not hitherto 
given it any particular attention. While 
the treatment in general has necessarily 
been cursory, some of the applications, viz. 
separation and purification of vitamins, 
alkaloids, vegetable and mineral oils, and 
amino acids, have been described with more 
detail than one might expect to find in a 
monograph of this nature. 

Part I of the mpnograph is devoted 
to general principles of chromatography. 
The subject-matter has been briefly but 
lucidly dealt with. Apparatus employed 
and procedural details are mentioned 
briefly. Adsorbents in particular have 
been very well described and the material 
under this head is useful in the selection 
of proper adsorbents. These adsorbents 
are readily available from the 
Ltd, Solvents and eluants are included in 
this part. 

Part II deals with applications of chro- 
matography under the following heads : 
vitamins, pharmaceuticals, carotenoids, vege- 
table and mineral oils, amino acids, miscel- 
laneous organic* compounds and inorganic 
ions. The last item under this head 
is of particular ^ interest. What has 
been described in this part gives a 
very good idea of the utility and future 
possibilities of the principle of chromato- 
graphy. 

The booklet, with useful references and a 
list of standard works on the subject, is a 
handy and useful publication. Research 
workers may obtain copies of this booklet 
free of charge on application to British Drug 


Houses {India) Ltd,, Ballard Estate, Post 
Box No. 1341, Bombay 1. 

A. K. 

Isotopes & Their Application in the 

Field of Industrial Materials, by Dr. 

Paul C. Aebersold (A.S.T.M. Headquarters, 

Philadelphia), 1948, pp. 28. Price $1. 

The 1948 A.S.T.M. Edgar Marburg Lec- 
ture by Dr. Paul C. Aebersold, Chief of the 
Isotopes Division, Atomic Energy Commis- 
sion, has now been published in the form of 
a 28-page booklet. 

The author, after some general comments 
pointing to the significance and inter-relation 
of atomic energy and industrial materials, 
where he states, among other things, that 
science and industry are mutually dependent 
for progress and support and are stimulating 
to each other, discusses general research 
dividends, useful atomic power, induction 
of chemical and physical effects, and finally 
in some detail the applications of radioactive 
and stable isotopes. He points out that 
radio-isotopes of most of the elements can 
now be made in the atomic pile and that pro- 
duction at Oak Ridge is sufficient to meet 
American domestic needs with some over. 

The author covers isotope properties, 
production, and measurement, with pertinent 
references to facilities and safety precautions. 
There is, also, a section devoted to the basis 
for isotope applications. Quite a portion 
of the lecture covers the use of these materials 
as tools ior analysis with numerous specific 
applications. There is a discussion on stable 
isotopes and the lecture closes with general 
conclusions. 

This 28-page booklet, in heavy paper 
cover, can be procured from A.S.T.M. Head- 
quarters, 1916 Race St., Philadelphia 3, Pa. 

A. K. 



Evaluation of Paint Films 


S. M. DAS GUPTA & K. K. PURI 
Applied Science Department, Delhi Polytechnic, Delhi 


T he final rating of a paint film from a study 
of its behaviour under various weathering 
conditions such as light, humidity, and 
temperature changes is an important 
problem for the paint industry. In this 
paper, a method is reviewed which may be of value 
in correlating different types of failures. 

The worth of a paint film is judged by its pro- 
tective and decorative power. The protective 
power is evaluated from the ratings of certain 
defects or failures which are due to the weathering 
action of surrounding atmosphere. They are : 
checking, cracking, flaking, or peeling, erosion, 
scaling, mildew attack and chalking. The decora- 
tive power, on the other hand, is evaluated by 
colour, gloss; dirt accumulation and chalking. 
The study of the durability of a paint film has 
hitherto been made from a qualitative point of 
view, and durability has been expressed in vague 
terms, e.g. good, fair, bad, etc. It is not, therefore, 
possible to understand or reproduce the results 


obtained by other workers. Holley^ and Brown* 
have pointed out the diversity and lack of uniformity 
in reporting outside exposure tests. Some paint 
tecjinologists denote, by arbitrary figures, the dif- 
ferent types of failures. Although long experience 
in the field is of some value in such reporting, their 
reproducibility and intrinsic value are doubtful. 
Paint technologists, therefore, requiie a reliable 
and reproducible quantitative method of expressing 
exposure test results. Typical paint failures being 
many, a method of expressing durability by one 
quantitative figure would be invaluable. 

Many attempts have been made by various 
workers for evolving a satisfactory method but 
without success. The Federation of Paint & 
Varnish Production Clubs^ { U.S.A.) has evolved 
a method for expressing paint failures on a quan- 
titative basis. After careful scrutiny, paint 
failures have been classified into 6 groups and 
indicated by 0, 2, 4, 6, 8, 10, according to the degree of 
failure ; 10 indicating no failure and 0 indicating 
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Fig* 1 -^Nomograph for analysing test fence exposure data. 
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complete failure. Photographic illustrations of the 
degrees of failures of each type have been published 
in the form of a manual with the help of which the 
film under examination can be compared for 
various types of failures such as checking, cracking, 
peeling, etc., and for the degree of failures. Quanti- 
tative values may then be assigned for each type 
of failure. These figures although approximate are 
specific in nature and can be reproduced. It would 
be desirable if all the workers in this field in India, 
whether in industry or in research institutions, 
adopt this procedure and take photographs under 
typical Indian conditions. This will eliminate the 
ad hoc methods of recording paint failures. 

Such pictures, however, do not indicate the 
ultimate worth of a paint film. A single variable, 
correlating all the types of failures will provide a use- 
ful measure. Garlock and McMullen^ have evolved 
a nomograph for analysing test fence exposure data 
from which the durability of a paint film may be 
assessed by one single variable from the different 
numerical values for different types of paint 
failures®. The nomograph is reproduced in Fig. 1. 
It is established on the following basic relative 
values : crack is twice as serious as check ; peel, 
scale or flake is twice as serious as crack ; erosion 
is two-third as serious as peel or scale. Colour 
and dirt are equally serious, chalk is less serious 
than colour with high ratings and more serious 
with low ratings. 

The method of using the nomograph is as follows : 

1. If crack and check are both present, use the 
lower rating ( column 1 ). 


2. Find rating of erosion, scale or peel on ap- 
propriate scale (column 3 ). 

3. Combine ratings on column 1 and 3 to 
derive P ( column 2 ). 

4. Combine the lower of dirt or colour rating 
( column 5 ) with chalk rating ( column 7 ) to 
derive D ( column 6 ). . 

5. Combine ratings P ( column 2 ) and D 
( column 6 ) to derive final rating U ( column 4 ). 

The procedure will be clear by the following 
example : 

Suppose by comparing the test paint film with 
the standards ( photographs ), the following values 
are obtained for degrees of failures ; crack, 5 ; 
peel, 5 ; colour, 8 ; chalk, 7. The final rating (U) 
from the nomograph is 4f. As this figure lies 
between 4 and 6, the paint film is in a bad condition, 
and repainting is indicated. 
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Symposium, on Microwaves 


At the instance of the Radio Research Committee, 
the Council of Scientific & Industrial Research has 
decided to hold a symposium on Microwaves on 
8th and 9th October 1949 at Delhi under the 
chairmanship of Prof. M. N. Saha. The following 
13 study groups, in charge of a specialist in each 
field, have been formed to make a comprehensive 
study of different aspects of the subjects and a large 
number of scientists are expected to present papers 
at the symposium : 

1 Microwave Spectroscopy — Prof. S. K, 
Mitra 

2 Radio Emission from the Sun — Dr, 
H. Rakshit 

3 Radar Meteorology — Dr. S. C. Roy 

4 Super-refraction — Mr. M. R. Sarwate 

5 Microwave Propagation and Electron 
Circuitry — Dr. N. B. Bhatt 

6 Radar in Defence — S/Ldr. T. T. Joseph 


7 Effect of Different Types of Obstacles on 
Microwave Propagation — Dr. S. S. 
Banerjee 

8 Semi-conductors and Crystals — Dr. K. R. 
Dixit 

9 Microwave Dielectrics — Prof. P. C. 
Mahanti 

10 Nuclear Studies with Microwaves — Direc- 
tor, Institute of Nuclear Physics, 
Calcutta 

11 Thermal and Fluctuation Noise — Dr. 
D. S. Kothari 

12 Application of Microwaves in Television and 
Broadcasting — Mr. B. V. Baliga 

13 Frequency Modulation — S* P. Ghosh 

It has also been decided to hold on this 
occasion an exhibition of radar' and microwave 
equipment in use in the various Government 
Departments. 
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Barium Chemicals 

from Barytes 

THnChemical Products Corporation , 
Cartersville, U.S.A., operates a 
specialized plant for the manufac- 
ture of barium chemicals from 
barytes. Low-cost production haft 
been facilitated by the availability 
of good-grade barytes. Most of 
the plant is of the open-air type 
with only the finishing stages and* 
storage undercover ( C.T.J 1949, 
124 , 541 ). 

The barytes is reduced to 
barium sulphide by the conven- 
tional coke-furnacing method and 
from this are produced 2 grades of 
barium carbonate and also barium 
chloride. The hydrogen sulphide 
liberated in the process is used for 
the manufacture of sodium and 
ammonium sulphides. The hydro- 
chloric acid needed for the manu- 
facture of barium chloride is made 
by chlorination of benzene, the 
products also manufactured being 
mono-chloro benzene and ortho- 
and /?am-dichlorobenzene. 

Barytes used analyses to 96 per 
cent barium sulphate with 0.6 per 
cent iron and traces of other 
impurities. The ore is sized below 
12 mesh, with as little of — 200 
mesh as possible. Extreme care 
is exercised in the maintenance of 
a reducing atmosphere in the kiln. 

Two types of barium carbonate 
are manufactured:" free flowing " 
and " sulphur free ”. The latter 
material packs much more easily 
than the former. 

In the manufacture of " free 
flowing " grade, flue gas from the 
boilers containing 11 per cent 
carbon dioxide is introduced into 
tanks containing barium sulphide 
liquor which has been filtered in a 
cast-iron plate-and-frame filter 
press. Steel equipment, with the 
exception of pumps and pipe-lines 
which are of Monel metal, is 
employed. 

" Sulphur free ” type is obtain- 
ed by adding soda ash, in dry form, 
to hot barium sulphide solution. 
Addition is made until there is a 
slight excess of soda ash. The 
slurry is boiled and weak sodium 
sulphide solution is decanted off 
and filtered on an Oliver filter. 
The filter cake is repulped in water 
and finally washed on an Oliver 
filter free of sulphides; 
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A 20°B6. barium sulphide solu- 
tion containing the water-insoluble 
constituents from the kiln is used 
in the production of barium 
chloride. Hydrochloric acid is 
pumped in under slight pressure 
by a Duriron pump and acid 
addition is continued till a pH of 
about 5 is reached. More slurry 
is pumped in until the pH is 7 and 
all ferrous iron has been precipita- 
ted. The solution is brought to 
boil, decanted and filtered on an 
Oliver filter. All pumps, pipe- 
lining and fillings are either 
rubber-lined or constructed of 
Monel metal. Tanks are brick- 
lined, using an acid-proof cement. 

The barium chloride solution is 
concentrated to 32°B6. in batch- 
type evaporators ( containing 30 
per cent BaCl, .2Hj O ), filtered 
through a wooden plate and frame 
press and crystallized in a batch- 
type vacuum crystallizer. The 
liquor is then pumped to a Monel 
vacuum pan and the crystals arc 
dewatered and washed free of 
adhering mother liquor by cold 
water and finally fed to a rotary 
dryer. A low-temperature flame 
or hot air is employed to produce 
the crystalline type containing 2 
molecules of water of crystalliza- 
tion. 

Fish- liver Oil Extraction 

Techniques 

The Canadi.\n fish-liver oil 
industry adopts’ a number of 
processes for rendering oil from 
fish livers. Livers are rendered 
by the well-known process of cook- 
ing them by live steam and then 
skimming off the freed oil which 
rises to the top. At some plants, 
the " foots " remaining after the 
free oil has been skimmed off and, 
which still contain much oil, are 
hot pressed in canvas bags placed 
between wooden Ix^ards. The mix- 
ture of oil and water squeezed out 
( 20 per cent oil ) is then separated 
in settling tanks. Only low pres- 
sures can be used and the opera- 
tion is slow. Another way of 
recovering oil from the " foots " is 
by alkali digestion ( caustic soda 
or sodium carbonate ) whereby the 
proteins are broken down and the 
oil is set free. 

A novel patented process of cod 
liver manufacture practised on a 


large scale is the " flotation " 
process. Livers, collected over a 
wide area in metal drums and 
filled with replaceable lids. The 
livers are preserved by the addi- 
tion of " aquacide ", which is a 
patented mixture of paraldehyde 
and sodium bicarbonate. This 
partly denatures the liver proteins 
and helps in the extraction process. 
This process is only applicable to 
fresh livers. The ratio of preser- 
vative to livers and the freshness 
of original livers are important 
factors. 

After draining off the excess 
preservative, the liver are reduced 
to a very fine pulp, almost of 
colloidal dimensions, and passed 
on to a series of tall cylindrical 
flotation tanks, provided with 
stirring mechanism. The vessels 
are fitted with sight glasses and 
pipes for letting in warm water 
( 120°E. ) at various levels. It is 
claimed that the rate and time of 
addition of water and the speed 
of stirring are all critical factors. 
At first no free oil is seen, but 
suddenly the emulsion breaks up 
and free oil settles rapidly at the 
top, from where it is floated off. 
The yield is stated to be almost 
quantitative. 

In another patented process 
raw livers are mixed with dried 
sugar beet residues using a paddle 
beater. The proportion is 13 lb. 
of beet residues, in the form of 
shreds, to 100 lb. of liver mince. 
Within a few minutes the mix is 
ready for pressing. The mixture 
is placed in cloth bags and pressed 
between wooden boards in a hand 
screw-press. The yield is equal to 
that obtained by steam rendering. 

.\ novel process for removing 
water is by allowing the oil to fall 
in a thin film over a heated surface 
( 170'^F. ) in a high vacuum. 
The time of heating is only a few 
minutes and the process is said to 
assist deodorizing also. 

In one case alkali refining is 
carried out with solid magnesia, 
added to the hot oil along with 
a bleaching earth, combining the 
processes of neutralization and 
bleaching. Steam distillation under 
reduced pressure at a tempera- 
ture of about 180°F. is employed 
to deodorize the oils. After blea- 
ching. the oil is chilled to 32''F. 
and pressed to remove stearine. 

Many firms render shark and 
dog-fish liver oils with live steam, 
but employ centrifuges instead of 
gravity settling to recover the oil. 

In the case of halibut and ling- 
cod -group of fish in. addition to 
alkali digestion proi^ess. acid diges- 
tion and enzyme digestion are also 
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employed. Pepsin or papain is 
usually employed ( Food Manuf ac- 
mre. 1948, 23, 359 ). 

High-strength Plaster of Paris 

A. PROCESS FOR MAKING A LOW- 

water demand ( or low consis- 
tency ), high-strength plaster of 
Paris of definite and controllable 
crystalline dimensions has been 
developed ( Jnd, Eng. Chem., 1949. 
41 , 1061 ). The operation con- 
sists in autoclaving for 1 hr. or 
more, finely ground gypsum in the 
presence of 01 to 0*2 per cent 
soluble succinate, malate, citrate 
or maleate. removing the water 
and regrinding the product. 

Although gypsum slurry, when 
heated in an autoclave, yields 
plaster of Paris, the product is 
extremely fluffy, has little strength 
when set and possesses an ex- 
tremely high consistency. The 
addition of malates or succinates 
produces better results and gives 
products with improved properties . 

finely ground English gypsum 
( 95 per cent through 325 mesh ) 
of 99*9 per cent purity was auto- 
claved in a stainless steel gas-fired 
autoclave. The slurry consisted 
of 1 litre of water to 1 kg. of 
gypsum. Gypsum from various 
sources produced plaster of vary- 
ing consistency and strength. The 
main impurity was limestone. 
The catalyst, sodium succinate, 
was found to be equally effective 
over the range 0*05 to 0^ 40 ; but at 
1 per cent plaster made never took 
a hard set. The consistency of 
the plaster was minimum between 
135°C. and 142°C. when English 
gypsum was autoclaved with 0*2 
per cent succinate for 1 hr. 
Grinding has a considerable effect 
on the consistency and powder 
density of the plaster. 1 hr. of 
ball milling dropped the consis- 
tency from 59 c.c. to 41 c.c. and 
raised the powder density from 
1*09 gm. /litre to 1-29 gm. /litre. 
Over 2 hr. of milling caused a rise 
in the consistency and lowering of 
powder density. 

Plasters with compressional 
strengths as high as 3,300 Ib./sq. 
in. have been obtained in the case 
of Oklahoma gypsum using 0*2 
per cent succinate and heating for 
1 hr. at urc. 

Fractionation of Starch 

The separation of starch into 
its components, amylose and amy- 
lopoctin. i^ now carried out by the 
use of thymol and cyclo-hexanol 
(./. Chm. Sec.; 1948. p. 1687). 
Thymol precipitatesninylose from 


its solutions, while amylopectin 
remains in solution. Cyclo-hexa- 
nol is recommended as a fractiona- 
ting agent in place of thymol when 
the remaining component, namely 
amylopectin, is desired in a purer 
condition. Cyclo-hexanol-amylose 
contains a higher proportion of 
amylopectin than thymol -amylose. 

In the thymol method, the 
starch is dispersed as completely 
as possible in boiling water to 
which 0*1 per cent sodium chlo- 
ride is added and undispersed 
material is removed before the 
addition of thymol. The concen- 
tration of starch should not exceed 
3 per cent in the presence of ions 
or 1 per cent in their absence. 
Powdered thymol, about 7 per 
cent on the weight of starch, is 
added to the starch solution and 
the precipitation is usually com- 
plete within 48 hr. The precipi- 
tate should not be left with the 
mother liquor for more than 60 hr. 
The amylose-thymol complex is in 
a more readily separable form if it 
is precipitated at 30 °C. The 
amylose precipitate is best freed 
from its amylopectin solution by 
repeated washing with water 
saturated with thymol. Average 
specimens of thymol-amylose and 
amylopectin from potato starch 
show blue values of 1 *0 to 1 *2 and 
0*21 to 0*23 and are hydrolysed 
by )3-amylase to the extent of 
96 to 99 per cent and 47 to 62 per 
cent respectively, 

A 1 per cent paste of potato 
starch, to which a trace of sodium 
chloride had been added, was 
allowed to stand for 3 days at 
30°C, in *the presence of suffitient 
cyclo-hexanol to maintain a satu- 
rated solution throughout this 
period. The insoluble cyclo-hexa- 
nol-amylose complex was removed 
by passing the suspension thrice 
through a Sharpies super centri- 
fuge ( 25,000 r.p.m.). The amylose 
fractions were washed with water 
saturated with cyclo-hexanol. The 
blue values of average specimens 
of thymol-amylose and cyclo- 
hexanol-amylose are? 1*1 and 0*9 
respectively, the values for corres- 
ponding amylopectins being 0*22 
and 0*18 respectively. 

Molecular Weight 

Determination Using 

Micro Quantities 

A method for the determina- 
tion of molecular weights of 
chemical compounds using quan- 
tities less than 1 mg. has been 
described (Caw. J. Res., 1949, 
27, 151 ). The method depends 
on the accurate measurement of 


the difference in vapour pressure 
between a solution of the un- 
known compound and the pure 
solvent. This has been accom- 
plished using a modified mercury 
U-tube monometer in a specially 
designed apparatus which can be 
easily fabricated in a laboratory. 
The results obtained indicate that 
the difference between the experi- 
mental and theoretical molecular 
weight is of the order of 2 per cent. 
The solvents employed should 
have relatively low vapour pres- 
sure and experiments should be 
carried out a few degrees below 
the room temperature. '' 

About 0*5 c.c. of solvent and 
solution samples are employed. 
The sample-holders are placed in a 
thermostat and the samples are 
freed of dissolved gases by vacuum 
distilling ( ICh* mm. ) the solvent 
to the traps and back to sample- 
holders several times, using a 
suitable refrigerant to prevent loss 
of sample. Both solvent and 
solution were stirred by placing 
small, glass enclosed, Alnico mag- 
nets in the sample-holders and 
rotating a large horse-shoe magnet 
slowly under the thermostat. For 
ordinary work, precise thermo- 
static control is not required but 
it is necessary that both solvent 
and solution are kept at the same 
temperature. 

The molecular weights of subs- 
tances like mannitol, triphenyl 
phosphate and stearic acid have 
been determined using water, 
absolute alcohol and acetone 
respectively as solvents. An im- 
portant consideration is the chemi- 
cal stability of the solvent. 
Acetone in particular should be 
employed with care. 

The method, as described, 
should be of considerable help 
especially where the amount of 
material available is limited. Once 
the apparatus is set up, the 
assembly is permanent, and a 
determination may be made in 2 
to 3 hr. The samples are com- 
pletely recoverable. 

Wire- screen Packing for 

Fractionating Columns 

An efficient, inexpensive wire- 
screen packing for fractionating 
columns is described ( Ind. Eng. 
Ghent., 1949, 41, 1056). It is 
easy to fabricate, requires no 
welding, grinding, and precise 
fitting, or pre-assembly of parts. 
Ordinary metal or glass tubing 
with uniform bore can be used 
with the packing. The operating 
charactei i 3ties compare favour- 
ably with other types of screen- 
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packed columns which require 
much more skill, precision and 
expense in fabrication. 

Columns of heavy-walled pyrex 
tubing, 0*625'", V and 2^ were 
employed. The wire screen was 
of stainless steel, phosphor bronze, 
brass or copper ; the last 2 are less 
satisfactory because of their poor 
elasticity and tendency to relax 
under mild heat. 60 X 60 or 80 X 
80 screen mesh was employed. 
Circular portions of the screen 
mesh are cut out, a portion of a 
circle being cut off from the edge 
of each disc of about one-third the 
diameter of the disc. This por- 
tion serves as a vapour passage in 
the assembly. The diameter of 
the screen discs should be 5 to 10 
per cent greater than the diameter 
of the tube in which they are 
assembled. The close contact 
between the edges of the discs 
and the wall of the tube is impor- 
tant ; otherwise liquid reflux 
would leak through and channel 
down the side of the tube. 

The assembled unit or cell con- 
sists of 2 discs bowed in opposite 
directions ( with their concave 
sides together ) and having their 
vapour openings on the opposite 
sides of the column. In order to 
be doubly sure that a tight seal 
is obtained and that the cells are 
held firmly in place, split rings, 
similar to piston rings, are placed 
above and below each cell. These 
rings are made of stainless steel or 
phosphor bronze. Thus the assem- 
bled packing consists of a series of 
such cells so placed that each 
touches those above and below, 
providing a continuous screen 
surface over which the reflux flows 
and a zig-zag open pathway, 
through which the vapour passes. 

Like other types of screen - 
packed columns, it is essential that 
the packing be thoroughly and 
uniformly wet before beginning a 
distillation. This is accomplished 
by a short period of boil-up under 
total reflux. Maximum plate effi- 
ciency was obtained at low boil-up 
rates. 

G.E.G. pH Meters 

Commercial pH meters for the 
measurement of hydrogen ion con- 
centrations with the aid of a glass 
electrode fall into two main 
groups, deflectional /)H meters and 
potentiometric instruments. The 
deflectional pH meter has the 
merit of simplicity but has low 
accuracy, generally of the order of 
i0*l pH unit. Furthermore, the 
calibration is liable to change with 
time and may be accidentAlIy des- 
troyed by over-load. 


The potentiometric pH meters, 
however, may be calibrated to a 
very high degree of accuracy and 
will retain their calibration unim- 
paired by age or over-load. Un- 
fortunately, potentiometric ins- 
truments usually have at least 6 
controlsrequiring adjustment dur- 
ing measurement and increased 
accuracy could only be obtained 
at the expense of convenience. 

The recent G.E.C. meters incor- 
porate a patented circuit in which 
the number of controls needing 
adjustment during use has been 
reduced to 3, without sacrificing 
the high accuracy, permanence of 
calibration and robust construc- 
tion of potentiometric instruments. 

The new instruments are cali- 
brated over the range 0-14 pH 
units with an accuracy of 0*01 pH 
unit for the portable model and 
0*05 pH unit for the bench model. 

Design of the instruments cen- 
tres around a potentiometer circuit 
where the usual potentiometer 
resistance is controlled by 2 dials, 
one scaled in steps of 1 pH unit 
and the other subdivided to 0*01 
pH. Indications are read through 
an aperture in the panel as a 
straight line of figures. An elec- 
trometer valve and two standard 
Weston cells are enclosed within 
the case and a sensitive galvano- 
meter is mounted on the panel. 

The electrodes of the hydrogen 
ion cell, usually a glass electrode 
and a calomel electrode, are con- 
nected to the two terminals. 

Automatic compensation for 
changes in the E.M.F. of the glass 
electrode, due to temperature 
changes in the solution being test- 
ed, are compensated by means 
of the temperature compensator, 
which is immersed in the solution. 
This temperature-sensitive ele- 
ment consists of a boat of oxides, 
C OS'" in diameter and sealed into 
the drawn-out tip of a glass tube. 
This form of compensator has the 
advantages over other types that, 
owing to its small dimensions and 
heat capacity, it will respond 
instantaneously to temperature 
changes and can be used when 
only a few drops of solution are 
available. 

In order to compensate for the 
changes which take place from 
time to time in the so-called 
“ asymmetry potential " of the 
glass electrode, an asymmetry con- 
trol is provided, if, when using 
a buffer of known pH value, an 
incorrect reading is obtained, the 
dials are set to the correct reading, 
and the asymmetry control is 
adjusted until the galvanometer 
is undeflected. Subsequent read- 


ings will, in general, be correct for 
a period of 12 to 24 hr., after 
which a further change in the 
asymmetry potential of the glass 
electrode may occur. 

The temperature compensator 
is normally connected in the cir- 
cuit by means of a plug which is 
inserted in a socket on the panel. 
On withdrawing the plug, the 
circuit connections are automati- 
cally rearranged in such a manner 
as to convert the instrument into 
a millivoltmetrr having a range of 
1 ,400 millivolts and an accuracy of 
il millivolt. Within this range, 
no difficulty will be e> perienced in 
measuring the E.M.r. of a cell 
having an internal resistance of 
1 ,000 meghoms. ( Contributed ) 

Palm Gandy Manufacture 

A simple method for the pre- 
paration of palm candy directly 
from palm juice is described 
( J. Indian Chem. Soc., Ind. 
News Ed., 1948. 11 , 147). For 
its manufacture, the juice col- 
lected should not have under- 
gone any fermentation. To pre- 
vent fermentation, 1 p>er cent 
formalin ( 10 c.c. ) or 10 c.c. of 
10 per cent lime emulsion is 
added for a pitcher holding 1 
litre of juice. A mixture of 
10 c.c. of 1 per cent formalin and 
1 c.c. of lime emulsion has been 
found effective when the atmos- 
pheric temperature is above 30°C. 

The juice is boiled in an iron 
or aluminium pan and concen- 
trated to about half the volume. 
Any scum formed is removed and 
the concentrated juice filtered 
through a bed of activated char- 
coal ( from paddy husk ). It is 
boiled again to remove any scum 
that may be formed and filtered 
through a linen cloth or a cotton 
plug. Milk ( 1:5 ) is added to the 
boiling juice and temperature 
raised to 110°C. while stirring. 
The thickened mass is transferred 
to an enamelled can containing a 
few palm candy crystals. The 
depth of the juice in the can must 
be at least 3^" to V. The can is 
kept immersed in hot water and 
allowed to remain for 10 to 12 
days. After this period the mother 
liquor is drained off and the palm 
candy crystals can be easily 
scraped off. The brownish crys- 
talline and moderately hard candy 
contains 93 per cent sucrose and 
1 per cent glucose. 

New Use for Gypsum 

One of the recent industrial 
applications of gypsum is in the 
building industry. Messrs Bell- 
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rocA ConstfucHon Ltd,, Chertsey, 
Surrey . have devised an ingenious 
plaster panel which is both the 
building and the load-bearing 
unit {BvdL Imp. Insi., 1948, 46 
387 ). The panel consists of a 
honeycomb of hexagonal cells of 
gypsum plaster and fibre which 
is then faced on either side with 
a moulded gypsum plaster layer. 
It is the honeycomb reinforcement 
that largely contributes to the 
load-bearing capacity of these 
panels. 

The panels used are of conve- 
nient sizes, i.e. are 3' X 4' x 4^ and 
5'x3'x4^. A wall for a single- 
storey structure can be rapidly 
built in two lifts. When two 
anels are butted together, the 
alf cells along the vertical edges 
of both panels form he»cagonal 
cells similar to those in the inte- 
rior of the panels but, as the 
honeycomb core is slightly re- 
cessed from the edge, an open 
connecting passage is formed 
throughout this vertical row of 
cells.,, The edges of the adjoining 
faces of the panels and the base 
are sealed with plaster, using the 
thumb or a trowel. This seal 
sets in a few minutes and then 
liquid plaster is poured down the 
vertical connecting passage, com- 
pletely filling all cells in the row 
and forming a solid vertical- 
keyed joint as well as a solid base 
plate bedding the wall to the 
foundation. The joints of the 
second lift are sealed a^d filled 
with plaster poured down the 
vertical passages ; in practice the 
horizontal joints fill when the 
vertical ones are poured. The 
half cells along the top of the wall 
are also filled level with plaster, 
which forms a beam to carry the 
ceiling and roof. The poured 
plaster thus sets and forms 
columns and beams uniting the 
panels into a monolithic struc- 
ture by a frame-work of solid 
elements. 

To form a ceiling or flat roof, 
inverted T-joists of a suitable 
load-bearing capacity to bridge 
the span to be carried are laid, 
and the panels placed in position 
resting on the flanges of the T- 
joists. Alternatively, a support- 
ing grid for celings or roofs can 
be formed by using panels with 
rebated margins to all 4 upper 
edges. When such panels are 
butted together, only the lower 
faces of the panels meet and the 
rebated margins form troughs, 
bordered by exposed half-honey- 
comb cells. Temporary .supports 
arc placeci under the ceiling, and 
concrete is poured into t^c troughs 


to form a beam frame-work, re- 
inforcement being introduced as 
required. 

By using suitable moulds, any 
desired form of ornamentation, 
picture rails, etc., can be cast on 
one or both sides of the panels. 
Panels can be readily sawn so 
that doors or windows of any size 
can be readily introduced even 
when the building has been com- 
pleted. To fix doors and win- 
dows, wooden block or metal lugs 
are used to provide additional 
ties which enter the exposed cells 
in the panel sides. Joining edges 
are then sealed with plaster to 
prevent leakage and then liquid 
plaster poured in. For multi- 
storied structures, concrete or 
steel columns or beams calculated 
to carry the required load can be 
boxed within the panel. 

Load-bearing test on a wall 
8' x9' and V thick, consisting of 
two lifts each of two panels and 
a half panel at each side, joined 
horizontally with plaster and ver- 
tically with 3 non-reinforced con- 
crete columns 5i'"x 2J'' and pro- 
vided with a reinforced concrete 
beam extending along the top 
of the wall, showed failure at 
61*7 tons, equivalent to a load- 
ing of 6*9 tons per ft. run of wall. 

In another test, a bungalow 
consisting of 3'x4'x4'' panels 
without any concrete reinforcing 
under a superimposed roof load 
of 20 lb. per sq. ft., gave a hori- 
zontal deflection of the walls less 
than 10 per cent of what might 
be considered an acceptable de- 
formation in a load-bearing wall 
of this character. Thus, with 
out reinforcement other than 
plaster, the system is particularly 
well suited to single-storey 
buildings. 

Among the advantages claimed 
for this system of construction ;^re 
speed of erection, low cost, gito 
thermal insulation, and exc^^t 
fire-proof properties : also the ease 
with which electrical wiring and 
all fixtures may be applied. Very 
pleasing interiors can be obtained 
by incorporating in the unit-panel 
moulds, picture rails, skirting 
boards, tiles, panelling, or any 
form of decoration. 

To allow for wear and tear from 
climatic extremes, a system of 
cladding with aluminium sheet 
has been devised. 

The firm has developed a semi- 
portable gypsum calcination and 
grinding plant to produce a ton 
of gypsum plaster per hour for 
a fuel consumption of 5 gal. of oil 
per ton of plaster. 


A New Asbestos Product 

Phospho-asbestos, an inorganic 
thermo-setting compound consist- 
ing of crysotile asbestos fibre and 
orthophosphoric acid, moulded to 
the desired shape under heat and 
pressure, has recently won for its 
inventors the 1948 Edw^ard Long- 
streth Medal of the Franklin 
Institute. According to Asbestos, 
October 1948, it was developed as 
the result of research to find a 
suitable material for such elec- 
trical devices as air circuit break- 
ers, and it is claimed that this 
stonc-Iike product is superior to 
compounds formerly used in res- 
pect to mechanical strength, resis- 
tance to moisture, dielectric 
strength and smoothness of sur- 
face. It can also be used for more 
intricate mouldings. 

If it justifies the claims made 
for it, it should make possible the 
potential conversion of oil circuit 
breakers to air circuit breakers 
with the resultant increase in 
safety ( Bull. Imp. Inst., 1948, 47, 
387 ). 

Insulating Board from Straw 

A NEW PROCESS FOR MAKING 

insulating building boards from 
wheat straw has been recently 
developed by the Bureau of Agri- 
cultural (S' Industrial Chemistry, 
U.S. Department of Agriculture. 
This development promises to 
help straw to compete with sugar- 
cane bagasse and wood-pulp as a 
raw material for insulating boards 
( /. Franklin 1949, 247, 

427). 

The procedure consists of blend- 
ing ordinary straw pulp used in 
making straw-boarcl boxes and 
packing materials with a new type 
of pulp which is relatively less 
expensive and contributes increas- 
ed strength and other desirable 
qualities to the product. 

The new pulp is made by cook- 
ing the straw in water without 
chemicals at atmospheric pressure 
and running it through a “ disc 
refiner ” which breaks down the 
straw fibres intp bundles of fine 
strands. The special properties 
of the pulp are due largely to the 
fact that half of its fibres are rela- 
tively narrow and slightly less 
than r long. By blending the 
two pulps in varying propor- 
tions, it is possible to produce 
boards with a wide range of den- 
sities, greater strength at the 
same density than most com- 
mercial boards made from wood 
fibre and exceptional “ impact 
strength ”. 
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Ductile Cast Iron 

Because of the Inherent limi- 
tations of properties obtainable, 
particularly ductility and tough- 
ness, cast iron is not satisfactory 
for many uses and the more ex- 
pensive malleable iron or cast 
steel must be used. When mag- 
nesium is added to molten cast 
iron, the graphite in the cast iron 
is converted to a spheroidal form. 
This charge greatly improves the 
strength, ductility and elastic 
modulus of the iron. Through 
this development, a low cost 
foundry iron may become avail- 
able, which is easily produced and 
has excellent casting and physical 
properties hitherto found in cast 
steels. 

The production is simple and 
can be applied to all iron com- 
positions melted in the cupola or 
any other type of furnace. One 
method of addition of magnesium 
is the addition of magnesium- 
nickel alloys. This is operative 
with all basic types of cast iron 
including hyper-eutectic, ferritic 
and pearlitic, acicular, and aus- 
tenitic varieties. The ductile cast 
iron is reported to have all the 
advantages of cast iron from the 
process viewpoint : low melting 
point, good fluidity and castability, 
ready mechinability, and low cost. 

Tensile strengths of 85,000 to 

105.000 Ib./sq, in. combined with 
some ductility were reported for 
pearlitic grades of cupola-melted 
ductile iron containing 3*2 to 
3-6 per cent carbon and 1.8 to 
2.8 per cent silicon. In contrast 
to grey iron, strength is only 
moderately affected by section 
thickness ; ductile iron with 90,000 
Ib./sq. in in a K section will 
ordinarily develop about 75.000 
Ib./sq. in. in a 6^ .section. Un- 
der stress the ductile cast iron 
behaves elastically more like cast 
steel than like cast iron, .showing 
a proportionality of strain to 
stress up to high loads, with a 
modulus of elasticity of 25,000,000 
Ib./sq. in. 

Simple annealing of the material 
is reported to develop ferritic struc- 
tures which show up to 15 to 20 
per cent elongation and 65,000 to 

75.000 Ib./sq. in. tensile strength. 
Normalizing and tempering have 
developed a yield strength of 

116.000 Ib./sq. in., a tensile 
strength of 127,000 Ib./sq. in. and 
2 per cent elongation. Quench 
and draw treatments and addi- 
tional alloying can be used for 
higher levels of strength. 

The ductile iron has improved 
endurance properties, much great- 
er resistance to growth and oxida- 


ion at higher temperature and 
excellent casting properties. It is 
as free in machining as grey iron 
of the same hardness but superior 
to grey iron having equivalent 
transverse or tensile strengths. 

Magnesium should be added to 
a slag-free surface of molten iron 
at a time when the laddie is not 
being filled. The magnesium effi- 
ciency is said to improve if the 
laddie is covered during the re- 
action. The magnesium-iron 
should be poured promptly after 
treating, as the effects tend to 
disappear on holding. The addi- 
tion of at least 0-4 and up to 1 
per cent of magnesium is recom- 
mended, depending on the iron 
composition and the residual mag- 
nesium should be 0*03 to 0*10 per 
cent. Total carbon should be 
about 3.0 to 4-0 per cent and sili- 
con 2 to 3 per cent. Addition of 
lithium, zirconium or calcium ren- 
der magnesium ineffective, as does 
graphite after treatment. 

Potential applications for this 
new material arc extensive, par- 
ticularly in automotive, railroad, 
and agricultural machinery, both 
in the as-cast and heat-treated 
form. Machine tools, crank-shafts, 
pumps, compres.sors, valves, and 
heavy industrial equipment could 
utilize its high strength and rigidity . 
Its ductility and probable con- 
sequent thermal shock resistance 
suggest superior performance in 
railroad car wheels and ingot 
moulds. Superior resistance to 
growth and oxidation has obvious 
values in engine, furnace, and 
other parts that are exposed to 
high temoerature ( Ind. Fng. 
Chem., May 1949, p. 7A ). 

Wattle Tannins 

A METHOD EFFECTING ALMOST 
complete separation of wattle ex- 
tract into tans and non-tans has 
been developed at the Leather 
Industries Research Institute, Gra- 
hamstown, S. Africa ( Ind. Che- 
mist, 1949, 25, 285 ). A yield of 
nearly 100 per cent of bulk quan- 
tities of wattle tannin containing 
less than 2*8 per cent impurities 
has been obtained. Work is also 
on hand to fractionate this purified 
wattle tannin into fractions of dif- 
ferent molecular weights. Fur- 
ther researches in this field are 
connected with the difference 
between green and black wattle 
tannin. Analysis of the two tvpes 
has shown that green wattle 
tannin averages 10 per cent 
greater in molecular weight than 
black wattle tannin. Previous 
work at the Institute confirms 
that limited use of bisulphite 


liquors removes the colour dif- 
ferences and enables the use of 
green wattle for making- sati.5fac- 
tory leather. 

Corn Protein Fibre 

The only protein textile fibre 
marketed in America today is the 
one made from zein — the corn 
protein. The fibre is being pro- 
duced by Virginia-Carolina Che- 
mical Carp. {Chem. Eng., 1949, 
56, 154 ). 

The fibre “ Vicara ” is produced 
as a soft uniform fibre, bght-gold- 
en in colour. It is cle . free of 
noils and a crimp can be imparted 
to the fibre to facilitate carding 
and spinning. Its physical pro- 
perties are : .sp. gr. 1'25 ; tough- 
ness index 0*25 gm. cm. /denier/ 
cm. ; shiftness index 2*4 gm./ 
denier /elongation ; tensile strength 

16,000 psi. ; dry tenacity 1 gm. 
per denier. Vicara has an elas- 
ticity comparable to animal fibres, 
is resilient and resists deforma- 
tion. It has warmth equal to 
the finest wool. Laboratory tests 
indicate that its insulating value 
is similar to that of animal fibres 
in a fabric of like construction. 

Vicara is as water-repellent as 
wool and the water repellency is 
permanent at room temperature 
and is not removed by dry clean- 
ing or repeated laundering. It is 
odourless and less inflammable 
than cellulosic fibres and resistant 
to mildew and bacteria and repel- 
lent to moth and carpet beetle 
larvae. It resists the action of 
acids and can be dyed with acid, 
chrome or metachrome colours, 
at boil, in the conventional 
manner used for wool dyeing. It 
is not easily attacked by alkali. 

The fibre can be spun or woven 
on any conventional system and 
can be processed and handled on 
regular textile carding, .spinning 
and weaving equipment. 

Antibiotic from 

Banana & Sweet Potato 

Two antibiotics have been 
isolated from the pulp and skin 
of green and ripe bananas. One is 
active against fungi, specifically 
the fungus causing wilt disease of 
tomato plants. The other, ap- 
parently formed during the ripen- 
ing process, is active against bac- 
teria, and is found in the pulp and 
skin of ripe bananas only. 

The sweet potato plant also 
produces two antibiotics, one of 
which has activity against fungi. 
It not only stops the growth of 
Mycobacterium phei, a non-patho- 
genic relative of the tuberculosis 
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g<6m# 1^ it ( Science News- 
UHer, Aprn 23, 1949, p. 260 ). 

Jut# Industry In Germany 

Thb bios Overall Report No. 1 7 
( H.M.S.O, London, price 6d.) 
deals with the jute industry in Ger- 
many during the period 1 939'! 945. 

With the cessation of jute im- 
ports, alternative materials such 
as paper, regenerated cellulose 
and natu^ly occurring cellulosic 
fibres of European origin were em- 
ployed as substitutes for jute. 
Excellent paper yarn was pro- 
duced from high-strength Kraft 
from Scandinavia and indigenous 
unbleached sulphite paper. A 
typical product of the latter 
variety of 42 gm./sq.m. basic 
weight possessed a breaking bngth 
of 8*400 m. with a stretch of 1*5 
per cent in the machine direction. 
A number of oil-soluble emulsi- 
fying agents, “ Emulphors were 
developed by the I.G. for opening 
and softening of jute. A mixture 
of 75 per cent mineral oil and 25 
per cent whale oil was extensively 
used for oiling jute. 

A report from I.G. deals with 
the use of colourless, water-soluble 
textile sizing agents based on poly- 
vinyl compounds. Highly viscous, 
water soluble, clear, polymeriza- 
tion products of acrylic acid and 
its salts can be obtained by using 
pure colourless acrylic acid as the 
starting material. The properties 
of these products such as solu- 
bility, viscosity, and film-forming 
can be varied within wide limits 
by mixed polymerization with 
water-soluble and non-water-solu- 
ble vinyl and acryl compounds. 
By means of polymerization of 
vinyl compounds with hydroxyl 
groups or acid amide groups cer- 
tain polymerization products are 
obtained which can be hardened 
by treatment with aldehydes. 
Similar products are obtained by 
saponification polyacrylonitrile 
polymers and mix^ polymers. 
These products are of interest as 
sizing agents. 

Phenols and their chloro and 
nitro derivatives were the chief 
agents emjfioyed for the protec- 
tion of starch from mildew attack. 
The products have no affinity for 
the fibre and are easily leached 
out. Mildew-proofing agents, 
marked under the name “ Pre- 
ventols ", most of which are 
chlorophenols, were frequency 
added to starch pastes. It is 
claimed that these products are 
not afiected by reducing or bleach- 
ing^agent;?. ' 

The aiteratioii and adaptation 
of futerSpirming in 


order to spin paper yarns was 
carried out extensively by the 
German jute industry. One in- 
teresting departure in the weaving 
of paper yarns was the weaving 
of a netting fabric on looms based 
on the chenille-loom principle. 

An interesting device not^ in 
connection with the sizing of the 
viscose staple fibre warp was an 
electrical device on the slasher 
designed to compensate for the 
yarn contraction which normally 
occurs at this stage. 

Reasonably clean fibre, of good 
length and appearance, was ob- 
tained from green flax. The 
straw was run through multiple 
fluted rollers, followed by passages 
through low shakers and low scut- 
chers. Green hemp was processed 
on a turbine scutcher. Jute soften- 
ers were employed to knock off 
the hemp bark : the final cleaning 
by means of a hemp hackler gave 
a 15 per cent yield of the fibre. 

Of the rot-proofing treatments 
used, the cuprammonium process 
is the most important. A typical 
treatment consisted of padding the 
cloth through the cuprammonium 
liquor ( 24 gm. of copper per 
litre ) at a speed of 5 m. per min., 
removing the surplus by scraping 
or squeezing, and drying in a hot 
chamber followed by drying cylin- 
ders. Bitumen and one of the 
oppanols (poly-isobutylenes) from 
benzene solutions were em- 
ployed ; a life of 10 years was 
claimed for the treated product. 

A considerable amount of work 
was carried out by the /.G. on the 
waterproofing of textiles. A pro- 
duct marketed under the trade 
name Akanstan N 1139" 
in which formaldehyde-bisulphite 
was used to render the finish more 
resistant to water, contaiiiQ(||iiam- 
monium phosphate, 79 pef^ent, 
sodium formaldehyde-bisulphite, 
20 per cent ; and Soromin N ( a 
mixture of stearethanolamide, 17 
per cent ; sodium sulphate etha- 
nolamide of the fatty acids from 
coconut oils, 38 per cept ), 1 per 
cent. 

Hydrophobic metallic soaps 
were used extensively for the pro- 
duction of water-repellent finishes. 
Aluminium acetate,' formate and 
triformate were all employed in 
the first bath, and the second bath 
consisted of a soapwax emulsion. 
Water-repellent finishes employ- 
ing wax emulsions were also pro- 
duced. It was stated that the 
higher the melting point of the 
wax, the better was the water 
repellency but the difficulty of 
obtaining «a satisffictory emulsiQn 
was correspondingly greater. 


A considerable amount of re- 
search was carried out on the 
infra-red reflectance of coloured 
textiles in connection with the 
subject of camouflage, and \yry 
few dyes showed high absorption. 
Hydron Olive GX was, however, 
exceptionally good. The subject 
is of interest to the jute industry 
on account of the employment of 
jute scrims and hessians as camou- 
flage materials and the develop- 
ment of infra-red photography in 
the detection of camouflage. 

Although the Bundesmann 
water-repellency test was develop- 
ed in Germany, a number of other 
tests were preferred. One of 
these consisted of a water spray 
directed on to the fabric which 
was supported at an angle of 45° 
to the vertical. The spray fell 
75 cm. from a viscose spinneret, 
and the time of use was 30 min. 
The water taken up by the fabric 
( found by weighing ) and the 
time to pearl ( i.e. the time 
when drops spread out on the 
fabric) were noted. The speci- 
men was shaken to remove loose- 
ly adhering moisture before 
weighing. A second method con- 
sisted of the conventional hydro- 
static-head principle, in which 
the water level providing the 
pressure was raised by 10 cm. 
per minute and the pressure at 
which the third drop penetrated the 
fabric was taken as a measure of 
the resistance of the material. A 
hydrostatic bag test " was also 
employed for the testing of tar- 
paulins. canvas, etc. A bag of 
the material was formed and 
filled with water to a height of 
30 cm. The material was satis- 
factory if no water percolated in 
24 hr. 

Pest Control 

The first report of the work 
of the Pest Infestation Laboratory, 
D.S.I.'R., London, has recently 
been published ( Pest Infestation 
Research, 1947, H.M.S. Office, 
London, price 6d). During the 
war, the work of the Laboratory 
was confined to the inspection of 
stored food and the application 
of appropriate control methods to 
prevent infestation. The work of 
the Laboratory involved biological 
studies of insects and physical 
studies of bulk grain. 

One important outcome of the 
work of the Laboratory was the 
" Okrbon dioxide method" for 
estimating the infestation of a 
given sample of grain. This con- 
ifists in* bottling a sample and 
incubating it for 24 hr., after 
which the carbon dioxide content 



September 1949] 


notes & NEWS 


381 


of the air between the grains is 
measured. The grain itself pro- 
duces a negligible amount of car- 
bon dioxide but the insects pro- 
duce a measurable quantity. The 
concentration of carbon dioxide is 
proportional to the number of 
insects present inside the grain. 

It has also been demonstrated 
that ipsects cause grain to heat 
up through the formation of hot 
spots. 

The work on the silo fumigation 
of grain was one of the many prob- 
lems undertaken by the Labora- 
tory. The work included studies 
of the penetration of the gas into 
the foodstuffs, its sorption — 
physical or chemical. — and the 
nature and permanence of residues 
in addition to the toxicity of the 
gas to many insect species. 

Work on warehouse sprays 
resulted in the development of a 
method for pretreating the sur- 
faces to be sprayed which gives a 
greatly increased duration of 
toxicity. The Laboratory was 
amongst the first to report the 
striking toxicity of DDT to house- 
flies. 

The Indian Dairy 

Research Institute 

The Indian Dairy Institute, 
Bangalore, celebrated its Silver 
Jubilee on 8th July 1949. The 
function marks the completion of 
25 years of useful service to the 
country by the Institute. 

The Institute has developed 
from the old Imperial Institute of 
Animal Husbandry and Dairying 
which was started in Bangalore 
25 years ago as a centre for dairy 
education and research. The es- 
tablishment of the Institute was 
an important landmark in the 
history of dairying in India and 
this was the first practical step 
undertaken towards the organiza- 
tion of cattle breeding and dairy- 
ing industry on scientific lines. 

The Military Dairy Farm at 
Bangalore had a large dairy and 
the headquarters of the Imperial 
Dairy Expert was transferred to 
this centre in 1923 and was uti- 
lized as the main educational and 
experimental centre under the 
name " Imperial Institute of Ani- 
mal Husbandry & Dairying 
With the establishment of the 
Institute, a two-year training 
course for the award of Indian 
Diploma in Dairying was also 
Started. During the years 1923- 
32, the activities of the Institute 
were mainly confined to the train- 
ing of students. In 1931 the Insti- 
tute was separated from the 
Indian Agricultural Institute and 


was recognized as an independent 
Dairy Department by the Govern- 
ment of India. A scheme for the 
reorganization of the Institute 
was put forward in 1944, at the 
instance of the Government, 
which envisaged the expansion 
of the research sections, opening 
of a Dairy Science College and 
training of a larger number of 
diploma students. Some of these 
measures have been implemented 
already. 

The Institute has carried on its 
pioneering work of training per- 
sonnel and conducting research in 
dairy science and technology for 
the last 25 years with credit and 
has built up a tradition of its own. 
It has attracted students from all 
over India, Burma, Ceylon and 
Malay Federated States. The 
total number of students who 
have undergone training in the 
institute up to date is 759. Of 
these. 307 are diploma-holders 
and 162 postgraduate workers. 
Many of these scholars have made 
valuable contributions to dairy 
science and technology. 

The Institute, at present, con- 
sists of 4 research sections, viz. 
Dairy Husbandry, Dairy Chemis- 
try, Dairy Technology and Dairy 
Bacteriology. The total number 
of research publications, of im- 
portance to fundamental and 
applied sciences, to-date numbers 
172. 

The staff of this Institute have 
also taken a prominent part in 
organizing the Indian Dairy 
Science Association and in bring- 
ing out a scientific journal. The 
Indian Journal oj Dairy Science, 
which has received international 
recognition. 

The work of the Institute in 
the practical field is considerable 
and valuable. The Institute pedi- 
gree stock of animals, built up 
as a result of careful selection, 
have won a high reputation all 
over India. These animals are in 
great demand for grading up and 
for improving indigenous cattle. 
A centre for artificial insemination 
is being maintained at the Insti- 
tute for the past 3 years and is 
responsible for a great deal of 
pioneering work in rural areas. 
The Institute has carried out work 
on the composition of milk of 
different Indian animals, enzymes 
and vitamins in milk and milk 
products, composition and storage 
of butter and ghee, dahi, khoa and 
other indigenous products, bac- 
teriological quality of market milk 
and on the problems relating to 
clean milk production, micro- 
flora in dahi and butter, methods 


of ghee manufacture, utilization 
of surplus milk and skim milk as 
cheese and khoa and problems of 
long-distance transport of milk 
from village to urban consuming 
centres, etc. These and other 
investigations have made this 
Institute a leading research centre 
in dairy science in- the country. 

Tin Research 

An illustrated booklet pub- 
lished by the Tin Research Institute 
England, reviews the activities of 
the Institute during the year 1947- 
48. An important task recently 
completed is the com^Lvtion of a 
booklet on hot-tinning, which 
will make readily available the 
most up-to-date information on 
all the processes involved. The 
hot-tinning laboratory, which has 
been recently equipped with mo- 
dern industrial-sized plant, plays 
an important part in this field. 
Two machines have been designed 
which will stimulate the rapid 
installation of modern continuous 
strip electro-tinning plants. A 
new 88-page booklet summarizing 
up-to-date information on the 
comjwsition, properties and me- 
thods of using solder has been 
published. The problems asso- 
ciated with the production of 
relatively small chill-castings have 
been solved and attention is being 
devoted to the continuous casting 
of bronze rods and tubes, and to 
the improvement of sand-cast 
bronzes. A comprehensive book 
on this subject is under publica- 
tion. Yet another booklet issued 
by the Institute is on bearing 
metals, and describes the more 
important points to be observed 
in their manufacture to ensure 
good performance. 

Corrosion stations, situated in 
6 widely different parts of Great 
Britain and at 3 points in U.S.A., 
are being used to study the cor- 
rosion-resisting properties of tin 
and tin-alloy coatings under con- 
ditions likely to be encountered in 
service. It has already been 
shown that a thin coating of tin 
on steel is an excellent basis for 
paint and tin or tin-led -solder, and 
is now being applied for this pur- 
pose to the edges of motor-car 
body panels. New methods of 
applying tin locally to steel are 
being investigated. 

Alloy coatings, containing 80 per 
cent of tin and 20 per cent of zinc, 
are being increasingly used for 
protection of steel in the electrical 
field where their good corrosion 
resistance and excellent solder- 
ability are proving advantage- 
ous. Electro-deposited speculum 
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plating, containing about 42 
per cent of tin and SS per cent 
of copper, has been found to pro- 
vide an attractive finish for 
articles. Its advantages are a 
bright silvery-white appearance, 
resistance to wear and freedom 
from tarnishing. A new electro- 
plating bath, which affords a wider 
range of current densities than has 
hitherto been possible with still 
solutions, is under investigation. 

Indian Association for the 

Cultivation of Science 

In presenting the annual 
report of the Association for 1948- 
49, Prof. P. Ray, Hony. Director, 
referred to the progress made 
towards the construction of the 
new research laboratories at 
Jadavpore. An important event 
during the year was the laying of 
the foundation-stone of the re- 
search laboratory building at 
Jadavpore by Dr. B. C. Roy, 
Premier of West Bengal. 

The research activities of the 
three existing research depart- 
ments of the Association’s re- 
search laboratories, viz. X-rays 
and Magnetism, Optics, and Phy- 
sical Chemistry, functioned as in 
the previous year. The Depart- 
ment of X-rays and Magnetism 
concentrated their investigations 
on the study of extra reflections 
in Laue photographs ; X-ray study 
of the glass ; study of the magnetic 
properties of single crjrstals and of 
solutions containing ^ara-magne- 
tic ions ; study of electrical and 
magnetic properties of semi-con- 
ductors ; construction of magnetic 
and electrical apparatus ; and 
production of low temperature. 
Researches in the Department of 
Optics included the study of 
Raman spectra and cis-trans iso- 
merism ; Raman spectra of subs- 
tances in different states ; Raman 
spectra of organic vapours ; fluo- 
rescence of organic compounds ; 
structure of resonance line of 
mercury filtered through mercury 
vapour ; Brillouin components in 
crystals ; and luminescence and 
at^orption of different varieties of 
diamond. The Department of 
Physical Chemistry conducted in- 
vestigations on the following lines : 
fundamental studies on polymeri- 
zation kinetics ; inhibition and 
retardation of vinyl polymeriza- 
tion chain transfer by solvents in 
vinyl polymerization ; cellulose 
chemistry including benzyl cellu^ 
lose and acetyl cellulose ; trial 
experiments on the preparation 
of alkyd xesins from Indian raw 
materials ; solubilization pheno- 
menon ; s(flubility Mid co-solvency 


of metallic soaps ; kinetics of 
halogenation of fatty acids ; and 
dielectric behaviour of substances 
of high molecular weight. 

Professor S. Chapman delivered 
the Ripon Professorship Lectures 
of the Association on “ The Mag- 
netism of the Earth ” on January 
14 and 15, 1949. The Mahendra- 
lal Memorial Lecture was delivered 
on February 23 by Dr. B. S. Guha 
on ” The Aboriginal Tribes and 
Their Places in Indian National 
Life ”. 

The Association received from 
the Government of India a capital 
grant of Rs. 4,32.000/- towards the 
construction of the new research 
building, and a recurring grant of 
Rs. 2,66,700/-. The Council of 
Scientific (S' Industrial Research 
made a grant of Rs. 13,212/- for 
X-ray studies of metals and alloys 
and of Rs. 6,419/- for like investi- 
gations on coal. The Indian 
Physical Society contributed a 
sum of Rs. 700/- towards the 
Indian Journal of Physics. 

The budget estimates of the 
Association for 1949-50 show a 
receipt of Rs. 2,95,000/- and an 
expenditure of Rs. 2,99.400/-. 

The Woodburn Medal was pre- 
sented to Dr. Shyamadas Chatterji 
for original research in Physics, 
Nikunja Garahani Prize to Sri 
Ran jit Kumar Sen and Jatindra 
Chandra Prize to Sri Ajit Dutta for 
best researches carried out in the 
Association’s laboratories. 

Conservation Studies in 

American Universities 

The study of conservation of 
natural resources is receiving in- 
creased attention in the schools 
and universities throughout the 
United States. Many universities 
have added new courses, and 
specialized departments are being 
set up. One of the established 
leaders in the field is Cornell 
University ( Ithaca, New York ). 
Here a 4-year undergraduate 
course and specialijfd graduate 
training are supplspisnted by 2 
general conservation courses open 
to the entire student body. The 
courses serve a dual purpose : (1) 
to establish a basis for advanced 
study for those who plan to make 
conservation work their career ; 
and (2) to give educated laymen a 
foundation in the principles of 
conservation necessary to equip 
them to judge public issues wisely, 
Washington and Jefferson College, 
Washington. Pennsylvania, plans 
to establish a department of con- 
servation next f^. 

Soil conservation problems are 
of particular concern to agricul- 


tural states. The University of 
Michigan maintains a professional 
school of forestry and conserva- 
tion. Principles of soil, water and 
wild-life conservation are stressed 
at the University of Illinois. All 
students of agriculture are requir- 
ed to study conservation of natural 
resources. Marquette University, 
Wisconsin, Stanford University 
and Rhode Island College are a 
few others to have conservation 
courses on their curricula ( U SIS ). 

Historical Statistics of 

the United States 

A statistical summary of 
American social and economic 
development since 1789, with 
figures for each year, is being 
issued by the U.S. Bureau of the 
Census, entitled Historical Statis- 
tics of the United States, 1789-1945. 
The book is the historical supple- 
ment to the annual Statistical 
Abstract of the United States which, 
for 70 years, has been the official 
statistical yearbook of the United 
States. This volume was prepar- 
ed with the co-operation of the 
Social Science Research Council. 

The volume provides business 
men, librarians, economists, tea- 
chers, and students with a statisti- 
cal reference volume which brings 
together nearly 3,000 statistical 
time series of annual data, carried 
back to 1789, where possible. 
Fourteen broad subjects are 
covered. The book not only will 
provide data for immediate use 
but will serve as a starting-point 
and guide to original sources of 
data for those wishing greater 
detail, discussion, or explanation. 
The text provides definitions of 
terms and brief annotation, 
together with specific statements 
of sources. A special appendix 
contributed by the National 
Bureau of Economic Research 
provides monthly and quarterly 
figures, similarly carried back in 
time, for 30 statistical series which 
are recognized as useful indicators 
of business conditions. 

The subjects covered are : wealth 
and income ; population character- 
istics, immigration, and naturali- 
zation ; vital statistics, health, 
and nutrition ; labour force, wages, 
hours, and working conditions ; 
agriculture, land, forestry, and 
fisheries ; minerals and power ; 
construction and housing ; manu- 
factures ; transportation ( includ- 
ing railroad, shipping, roads, and 
air transport ) ; prices ; balance of 
payments . and foreign trade ; 
banking and finance ; federal 
finances, copyrights and patents, 
and state and local government 
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finances ( Foreign Commerce Week^ 
ly, 1949. 36, 37 ). 

Development of Arecanut 

The Government of India have 
decided to set up a Central Areca- 
nut Committee, with the Minister 
for Agriculture, Government of 
India, as President, for the im- 
provenlent and development of 
the production and marketing of 
arecanut and its products. The 
Committee will assist and encour- 
age agricultural, industrial, techno- 
logical and economic research 
in arecanut ; produce, test, and 
distribute improved varieties of 
seed ; encourage the adoption of 
improved methods of cultivation, 
assist in the control of parasites 
and diseases which affect areca- 
nut ; encourage the adoption of 
improved measures for arecanut 
marketing ; give financial and 
technical assistance to organiza- 
tions engaged in growing, process- 
ing, grading and marketing areca- 
nut, establish a market intelli- 
gence service and recommend 
maximum and minimum prices 
to be fixed for arecanut and the 
controlled purchase and distribu- 
tion of arecanut. 

The Government of India will 
give an annual grant to the Com- 
mittee not exceeding Rs. 5 lakhs 
and will appoint a Secretary and 
Co-operative Arecanut Marketing 
Officer to assist the Committee. 

Gommittee on Soil Science 

The Government of India have 
decided to appoint a Central Com- 
mittee on Soil Science with Dr. 
J. N. Mukherjee as the Chairman 
and 7 other members to guide and 
co-ordinate the scientific study of 
soil in the country to put agricul- 
tural production on a planned 
basis. 


The functions of the Committee 
will be to advise the Government 
of India on matters of soil research 
rfnd soil surveys ; to guide and 
co-ordinate the scientific study of 
soil so as to ensure that soil 
survey proceeds on right lines ; 
to lay down the lines of soil survey 
to be followed for purely scientific 
and specific utilitarian purposes, 
and soil survey training ; to pre- 
serve in a central place the soil 
profiles representative of various 
types of soil ; to provide for the 
interchange of information and 
jsamples regarding soil types 
amongst the workers within the 
country as well as in foreign 
countries. 

Soil profiles from various pro- 
vinces and states will be preserved 
at the Indian Agricultural Research 
Institute, New Pusa, and the work 
on the preparation of soil maps of 
India, according to the lines laid 
down by the Committee, will be 
entrusted to the Institute. 

Central Tea Board 

A Central Tea Board has been 
established under the chairman- 
ship of the Hon. Mr. S. K. Sinha, 
with its headquarters at Calcutta. 
The Board will be composed of re- 
presentatives of tea growers, ex- 
porters, the trade, labour, cham- 
bers of commerce, the central 
government and the governments 
of tea-growing provinces and 
states. 

The Board will take over the 
activities of the Indian Tea Market 
Expansion Board, and arrange for 
research, collection of statistics, 
fixing of grade standards, improv- 
ing of marketing of tea and bulk 
buying on behalf of government. 
The Board’s activities will be 
financed from a cess collected on 
all tea exported from India. 


Journal of the Aeronautical 

Society of India 

The first number of this 
journal ( quarterly ) contains a 
short account of the inaugural 
meeting of the Aeronautical 
Society of India held at Bangalore 
on 27th December 1948 and an 
illustrated 12-page report of a 
lecture entitled “ Progress in 
Aeronautics ” delivered by Sir Ben 
Lockspeiser under the auspices of 
the Society. 

The journal is well printed and 
neatly got-up. 

Announcements 

1851 Empire Exhibition Scholar- 
ship — The 1851 Empire Exhibi- 
tion Science Research Scliolarship 
for the year 1949 has been awarded 
to Mr. K. G. Ramnathan, Lecturer 
in the Physics Department of the 
Indian Institute of Science, Ban- 
galore. Mr. Ramnathan is the 
fourth research scholar working 
under Sir C. V. Raman to get this 
distinction. 

Mr, A. N, Khosla, Chairman, 
Central Water Power, Irrigation 
and Navigation Commission, India, 
has been elected Vice-Chairman of 
the World Power Conference for a 
period of 3 years by the Executive 
Committee of the World Power 
Conference at its meeting held in 
Brussels on 27th June 1949. 

Indian A ssociation for the Cultiva- 
tion of Science — The following 
office-bearers of the Council of 
the Association have been elected 
for 1949-50 : Prof. M. N. Saha 
( President ) ; Mr. C. C. Biswas 
and Dr. J. C. Ghosh ( Vice-Presi- 
dents ) ; and Prof. P. Ray ( Hony, 
Director ). 



Reports 
States & 

MYSORE 

Survey for Mineral Deposits 

A STATE-WIDE SURVEY FOR IRON, 

manganese and chromite ore 
deposits is being undertaken by 
the government. Manganese is 
available in Shimoga and Tumkur 
districts and chromite ore is 
reported in Hassan and Mysore 
districts. The survey is expected 
to yield definite information as to 
the availability and extent of low 
grade ores of these minerals. 


EAST PUNJAB 

Improved Wheat & 

Rice Strains 

A NEW STRAIN OF WHEAT, RESIS- 
tant to black rust, and a new 
strain of rice facilitating early 
detection of the wild rice strains 
growing in the Kangra Valley 
from the cultivated strain, have 
been developed by the Provincial 
Agricultural Department. The 
new wheat strain, which has been 
named C 217, has proved success- 
ful at the Ambala Experimental 
Farm and it is expected to do well 
in the sub-mountainous districts 
of Gurdaspur, Hoshiarpur and 
parts of Kangra. 

Wild rice grows extensively in 
the Kangra Valley and has been a 
menace to rice cultivation in the 
area as it is impossible to differen- 
tiate it from the cultivated varie- 
ties in the initial stages. The new 
variety is a cross between a purple- 
leaved variety from Central Pro- 
vinces and 2 indigenous varieties 
of East Punjab and enables early 
identification of the wild strain 
admixture. 


MADRAS 

Madras Institute of 

Technology 

The Institute was declared 
open by the Premier of Madras on 
July 19. A munificent endow- 
ment of Rs. 5 lakhs by one of its 
sponsors has helped the Institute 
to start functioning at an early 
date. The Instityite. which is 


from 

Provinces 

modelled after the Massachusetts 
Institute of Technology, will im- 
part instruction in engineering 
sciences such as electronics, ins- 
trument technology, automobile 
engineering and aeronautics. The 
courses in motion-picture techno- 
logy is deferred to a later 
date. 

The Institute is situated in 
extensive grounds covering an 
area of 57 acres of land previously 
used by the Royal Indian Navy. 
Two huge hangars and other 
buildings on the site are being 
used at present for housing the 
technological block and for pro- 
viding hostel and housing accom- 
modation for the students and the 
staff. 

Wattle Plantation 

The Government have sanc- 
tioned a scheme estimated to cost 
Rs. 11,05,000 for planting wattle 
over an area of about 6,000 
acres on the Niligri Hills. The 
acreage cultivated would be 600 
acres per year on a 10-year rota- 
tion basis and not more than 250 
acres will be under wattle in any 
particular locality. The entire 
area of 6,000 acres, after 10 years, 
is likely to yield about 30,000 tons 
of wattle bark and is expected to 
fetch a revenue of Rs. 24 lakhs 
per annum. 

Mining of Lignite Deposits 

A scheme for mining of lignite 
deposits in the South Arcot district 
has been drawn up by Dr. Ghosh 
of the Geological Survey of India. 
The scheme refers to an area of 
200 sq. miles in this district where 
fnining operations will be started 
in the near future. 

A new area of lignite deposits 
has been discovered near Canna- 
nore in Malabar district. The 
deposit so far investigated are 
shown to extend over an area of 
a sq. mile. It is learnt that min- 
ing operations in this area are not 
complicated by the occurrence of 
any artesian springs as in the 
South Arcot deposits. 

Extensive deposits of good 
quality of mica have also been 
reported from the Wynad district. 


Cotton Cultivation 

The distribution of better 
seeds, fertilizers, providing irriga- 
tion facilities and introduction of 
a summer crop in suitable areas 
are the main features of the 
government plan to increase cot- 
ton cultivation in the province. 
A seed multiplication scheme was 
commenced in 1948 and 3,100 
bags of improved seed were distri- 
buted to be sown in an area of 
908 acres. The crops grown with 
the improved seed is reported to 
be healthy and vigorous and it is 
estimated to yield an average of 

1.000 lb. yield of cotton per acre. 

Growing of summer cotton has 

been taken up in the South Arcot 
district and an area of 2,354 acres 
have been sown with improved 
cotton seed. 

Upper Pennar Project 

The project, for which the 
foundation-stone was recently laid, 
is the first of its kind to be under- 
taken by the government in the 
Anantapur district. The project 
is estimated to cost Rs. 77 lakhs 
and will bring under cultivation 

6.000 acres of land in addition to 
supplementing water supply to 
several tanks. The estimated re- 
turn on the capital outlay is 11*5 
per cent. The project is expected 
to be completed in about 3 years. 

NEW DELHI 

Plastics Industry Development 

A three-point plan for the 
development of the Indian plastics 
industry has been recommended 
by the Plastics Development Com- 
mittee appointed by the Govern- 
ment of India under the chair- 
manship of Mr. J. N. Roy. 

The Committee considered the 
three urgent needs of the industry, 
namely of moulds, plastics powder 
and technicians. To meet the need 
for moulds, the Committee suggest- 
ed to the Government of India to 
start in the proposed machine-tool 
factory, a section for casting 
moulds with a capacity of about 
250 moulds per year for the present. 

As regards plastics powder, the 
lack of uniformity in standards 
was stressed, which forced the 
Indian manufacturers to depend 
upon foreign imports. The indus- 
tiy was advised to develop an 
inspectorate of its own to inspect 
and grade the different products. 
The industry was further asked to 
develop an apprenticeship system 
for training of technicians, and to 
meet the difficulties created by 
conflicting demands from differ- 
ent manufacturers for technicians. 
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Sugarcane Research 

The Government of India have 
appointed a Technical Committee 
to inquire into the cost of produc- 
tion of sugarcane in different parts 
of the country under the chair- 
manship of Sir T. Vijayaraghava- 
chariar. 

The Committee is expected to 
review the progress of sugarcane 
research and development and 
suggest ways and means of achiev- 
ing quick results both in increasing 
the yield of sugarcane per acre and 
also the sugar content of cane 
with a view to bringing about an 
ultimate reduction of the cost of 
production. 


ERRATA 


This Journal : 

Article entitled ‘ ' German Dyestuff Industry ", 1949, Vol. 8 , No. 4 : 

Page 134 : for ‘ Red G2H " read " Red GZH 
„ ,, for ‘ Scarlet 3GL " read " Red 3GL 

135 : for " Orange GCD " read " Orange GGD ". 

,, last line, for " AS " read " AS-BO ". 

136 : for " AS-CR " read " AS-GR 

., for " 2-Amino-4-Sulphobenzoic acid " read " 2-Ethyl- 
amino-5-sulphobenzoic acid ". 

,, for " Red LTR " read “ Red ITR 


FORTHCOMING INTERNATIONAL CONGRESSES— 1949 


Date 

Subject of Conference 

Organizing Body 

Location 

Oct. 1-9 

International Congress of Scien- 
tists concerned with Colonial 
Development 

Ingenieurs pour la France 
D’Outre-Mer et les pays 

exterieurs, 

11 Ruo Tronchet, Paris 8e. 

Paris 

Oct. 3-10 

Autumn Meeting of Institute of 
Metals 

Secretary, 

Institute of Metals, 

4, Grosvenor Gardens, S.W.l. 

Paris 

Oct. 17-Nov. 1 

African Regional Scientific Con- 
ference 

C.S.I.R., P.O. Box 395, 

Pretoria 

Johannesburg 

Oct. 23-28 

Annual Seminar for the Study and 
Practice of Dental Medicine 

Marion G. Lewis, 

Executive Secretary, 

1618 Ninth Avenue, 

San Francisco 22. 

Palm Springs, 
California 

Oct. 23-30 

22nd International Congress of 
Industrial Chemistry 

Societe de Chimie Industrielle, 

28 Rue St. Dominique, Paris 7 

Barcelona 

Oct. 

F.A.O., Meeting on Control of Infes- 

Food and Agriculture 

Palmira 

( Undecided ) 

tation in Stored Grain 

Organization 

Colombia 

Oct. 

( Undecided ) 

F.A.O. Meeting on Livestock Breed- 
ing in Tropics and Sub-tropics 

Food and Agriculture 

Organization 

Cairo 

Oct. 24-17 or 
Nov. 7-10 
( Undecided ) 

International Conference on Statis- 
tical Mechanics and Elementary 
Particles 

University of Edinburgh 

Edinburgh 

Nov. 1-5 

Pacific Chemical Exposition 

James O. Clenyton, 

Research Association of California 
Research Corporation 

San Francisco 

Nov. 3-10 

5th International Animal Husban- 
dry Congress 

Prof. Loroy, 

16 Ruo Claude Bernard, 

Paris 5e. 

Paris 

Nov. 16 
{ Provisional ) 

Symposium on Metallurgical Appli- 
cations of the Electron Microscope 

Secretary, 

Institute of Metals, 

4 Grosvenor Gardens, S.W.l. 

London 

Nov. 27-Dec. 2 

Annual Meeting of American Society 
of Mechanical Engineers 

American Society of 

Mechanical Engineers 

New York 

Nov. 

( Undecided ) 

F.A.O. Annual Conference, Fifth 
Session 

Food and Agriculture 

Organization 

Havana 

Dec. 16-18 

10th International Ornithological 
Congress 

3rd International Conference on the 
Chemistry of Cements 


Washington 

Undecided 

Bureau of Standards 

Washington 

Undecided 

Conference of Geologists. 

INQUA IV 

University of Budapest 

Budapest 

Undecided 

Congress of Psychotechnics 

Dr. Franciska, 

Baumgarten-Tramer, 
Thunstrasse 35. 

Berne, Switzerland 

Berne 



INDIAN PATENTS 


The following is a list of Patent Applications notified as accepted 
in the Gazette of India, Part II, Section 1, for July 1949. 


Organic CShemlcals 

39260. I.C.I. Ltd. : Improvements in or relating 
to the manufacture of aminoguanidine com- 
pounds : Introducing zinc into a suspension of 
nitfoguanidine in an aqueous solution of 
ammonium sulphate below 30°C. and removing 
the sludge. 

38792. Gaudin : Manufacture of organic substances 
containing sulphur and new substances result- 
ing therefrom : Reacting sulphur with an aro- 
matic substitution derivative of propylene at a 
temperature of 150° to 250°C. 

39236, 39237, 39238. Canadian Industries Ltd. ; 
Polymerization of 4-vinylcyclohexene dioxide : 
Polymerizing in the presence of boric acid ; 
polymerizing 4-vinylcyclohexene dioxide in pre- 
sence of a catalyst ; comprising polymerized 
halogen-l-butadiene 1, 3 and halogenated poly- 
ethylene. 

39370, 39371. 39372. I.C.I. Ltd. : Manufacture of 
an 1:4 dicyano-2-butene : Reacting 1 : 4 
dihalo-2-butene with hydrogen cyanide under 
non-alkaline conditions ; reacting 3 : 4 dihalo- 
\-butene or a mixture thereof with the isomeric 
X \ 4 dihalo-l-butene, with hydrogen cyanide 
under non-alkaline conditions ; reacting hydrogen 
cyanide with dihalobutene in presence of water, 
copper salt catalyst and a metal carbonate. 

39204. Parke, Davis & Co. : Process for the manu- 
facture of quinoline compounds : Reacting 
4-haloquinoline with aminomethyl substituted 
aminophenol. 

Mlaoallanaoiia Ghamlcals 

40643. Scientific Oil Compounding Co. Inc. : 
Improvement relating to compositions having 
fungicidal and/or fungistatic properties : Heat- 
ing water insoluble soap of a metal with a metal 
salt of hydroxy quinoline. 

39512. I.C.I. Ltd. : Production of pesticidal com- 
pounds or mixtures : Treating longifolene with 
chlorine. 

40549. Shawinigan Chemicals Ltd. : Improve- 
ments in briquetting : Briquetting non-metallic 
inorganic material by heating at an elevated 
temperature below the melting point. 

Medical Reaearch A Practice Including Clinical Applica- 
tion of Drugs A Pharmaceuticals 

40507. Lever Brothers & Unilever Ltd. : Im- 
provement in or relating to the purification 
treatment of fatty oils containing vitamin A : 
Solution of oil in a non-polar hydrocarbon is 
passed through a column of activated gamma 
alumina and thereafter the oil is separated from 
the solvent. 

Metals A Metel Products 

38746. John Miles & Partners ( London ) Ltd. : 
Smelting of irgp and steel : Fluid containing 


70 per cent oxygen and above blown in, in a low 
shaft furnace. 

40898. Roval Ltd. : Anodic oxidation of aluminium 
and its alloys : Including in the electrolytic bath 
of an addition agent consisting of 15*6 per cent 
mineral matter, 80 per cent organic matter, 3-5 
per cent moisture, chief mineral matter being 
calcium lignin sulphonate and organic consti- 
tuents being dextrose, xylose resin, acetic acid, 
tannin and gums. 

40939. N. V. Phillips’ Gloeilampenfabrieken : 
Magnet cores for electromagnetic devices : 
Magnet core comprising a manganese -containing 
ferrite sintered to compactness with a Curie paint 
higher than 250°C. and a ratio Fe : Mn between 
4 0 and 1-5 . 

Stone, Clay A Glass Products 

41015. The Tata Iron & Steel Co. Ltd*. : Manu- 
facture of refractory material : Employing 
calcined fire-clay alone or in admixture with 
non-plastic fire-clay. 

40757. International General Electric Co. of 
New York Ltd. : Method and apparatus for 
coating hollow glassware : Directing a stream 
along the surface. 

40773. Shri Dhar : Manufacture of hollow glass 
beads : Forming glass bead tube from white 
transparent glass and then coating the inside of 
the tube with liquid bright gold. 

38564. J. Leichtenschlag : Seed drilling attach- 
ment to single-furrow ploughs : A seed drilling 
attachment for a plough comprises a seed reser- 
voir with a trap door that is opened at regular 
intervals by pins fixed to a wheel attached to 
the plough and rotated by the progress of the 
plough. 

Miscellaneous 

40148. Joseph Sankey & Sons Ltd. : Apparatus 
for use in determining the characteristics of 
coated metal sheets : Comprising relatively 
movable platens and means incorporated with the 
machine for measuring and indicating the thick- 
ness of a specimen. 

39990. Kapur & Jain : Waterproof emery cloth or 
paper : Process of manufacture comprises 
applying adhesive material containing a fungicide 
in molten state to basic cloth already treated 
with mildew resistant fixing abrasive material 
and stoving, thereafter applying coat of adhesive 
solution and stoving further. 

38170. Diotti, & S.A.I.C.L, Societa Anonima 
Agricola Industriale Per La Produzione 
Italiana Di Cellulosa : System for utilizing 
the components of the reed ( Arundo donax ) 
differing from the cellulose possibly designed 
for the production of industrial cellulose : 
Preparation of sugar juice, alocohol and 
fertilizer. 



Helping the Indian Inventor 


R. B. PAI 

Council of Scientific & Industrial Research, Delhi 


T he average Indian inventor is in a 
sad plight. Only a few of our men 
with inventive talent can be absorbed 
by large research institutions. For 
the most part, the inventor is left to his own 
resources which, so far as facilities for the 
commercial development of inventions 
are concerned, are extremely meagre and 
inadequate. 

Hitherto the inventor has looked either 
to the Government or to big capitalists for 
help and guidance. 

Government is already financing a good 
deal of organized research and the problem 
of furthering the utilization of inventions 
and patents arising from State-financed re- 
search is itself a difficult problem with 
which the Government is likely to be pre- 
occupied for many years to come. 

The average capitalist is so used to getting 
easy returns from well-known and common- 
place types of investment activity that he 
is not likely to divert his funds to the highly 
speculative and hazardous business of pro- 
motion of new inventions. 

The inventor has, therefore, to look to 
other sources and take effective action 
suited to the circumstances. 

The object of this note is to discuss a 
novel plan which should meet exactly the 
situation hereinbefore discussed. The plan 
will not appear fantastic or unworkable 
when it is pointed out that the principle of 
the plan has already been tried out on a vast 
scale under the auspices of the Canadian 
Government and with unexpected success. 
Details of the Canadian plan and its achieve- 
ments and possibilities are discussed in the 
course of an article on the “ Organization of 
Scientific and Industrial Research in Canada 
by C. J. Mackenzie, President, National 
Research Council of Canada.* 

The plan for India, which will now be des- 
cribed, is in no way a copy of the Canadian 
plan and the only similarity between the 
two is that the germ of the two ideas may be 
treated as identical. 

* J. Sci, & Ind. Res.. 1946, 5, 50. 


The plan in brief will be : 

The Preliminary Step — To organize the 
inventors into a Central Inventors’ Institute. 

This is the first essential preliminary step 
to the main plan. The Governmerj^ s inter- 
est in it will be only to afford recognition 
to the Institute as a warranty of the latter 
being organized along right lines. In fact, 
the Government may set the ball roiling by 
inviting the inventors to get together. Once 
this is done, the rest should be left to the 
inventors themselves, subject to the Govern- 
ment acting as a referee. In the first ins- 
tance, to avoid bogus persons coming up, 
only those may be permitted to call them- 
selves inventors for the purpose who have at 
least one subsisting patent to their credit. 
The Institute should be organized on entirely 
democratic lines and the members should 
choose an Enterprise Council. 

The Main Plan — The most vital source 
of progress in a democratic state is its body 
of public-spirited citizens. It is this source 
that must be drawn upon if our industry is 
to develop on solid foundations. No doubt, 
the State and the big industrialists have 
most important parts to play. But an 
even broader approach is called for to base 
industry on truly democratic foundations. 
The underlying idea of the present plan is 
to enlist the sympathies of the ordinary 
public-spirited individual citizens by giving 
a practical shape to such broad-based support 
and encouragement. The plan would work as 
follows. 

Initially some funds would be necessary 
to develop and commercialize the inventions 
of our private inventors. This fund is to be 
built up not by Government grants or big 
endowments by well-to-do philanthropists, 
but small amounts donated by ordinary 
citizens for a cause in which they have 
faith and which they believe would be con- 
ducive to the industrial progress of the 
country. These donations may consist of 
small contributions, no amount being consi- 
dered too small ; but the collections would 
come from a very large number of citizens. 
The idea would thus bring the very masses 
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into direct contact with the scheme and the 
interest taken by them would help to build 
up enlightened public opinion on the question 
of helping the Indian inventor. The contri- 
butors need not look up to any return other 
than the satisfaction of having made a 
small contribution for the building up of 
Indian industry based on Indian inventions; 
and even in this they should be prepared 
for some initial disappointments. 

The Enterprise Council should issue a 
nationwide appeal, which should be endorsed 
by the Government, inviting donations to 
create a fund which will be utilized to develop 
as many Indian inventions as possible on a 
commercial scale. 

This idea of tapping the resources of the 
general body of public-spirited citizens to 
create a fund for venture capital is the crux 
of the whole plan. 

The Enterprise Council should work out a 
priority list from the inventions placed at its 
disposal and utilize the donated fund for the 
purpose of developing and commercializing 
the selected inventions. In the case of some 
of these inventions, further experimentation 
or trials on a pilot-plant or semi-commercial 
scale may be necessary. The Enterprise 
Council should finance and organize such 
trials. In certain other cases it may be 
possible to initiate commercial production 
without further ado. 


The Enterprise Council should go ahead 
with daring combined with judgement. A 
premium should be placed on venturesome- 
ness, and orthodox considerations of sound- 
ness should not be allowed to result in 
stagnation or sloth. Ideas must get moving 
and goods must be delivered. All that 
should be expected of those constituting the 
Enterprise Council should be that they do 
their job to the best of their ability and 
judgement. They should be answerable to 
the nation but nothing more should be 
expected of them than having done their 
very best. 

There can be no doubt that if the organi- 
zation is built up on sound lines as 
suggested above, the public will come 
forward with money and patronage. The 
plan will appeal to their highest national 
sense. If, for some reason, the experiment 
results in the proverbial mouse, nobody 
loses more than the small or big amount he 
voluntarily donated, knowing full well the 
chances involved. But failure is inconceiv- 
able. It will have a bad psychological effect. 
On the other hand, the chances of success 
are most alluring and the game will surely 
be worth the trial. There is every hope that 
the returns from the successful ventures 
will amply replenish the initial funds, reward 
the inventors and add to the nation's wealth 
and prestige. 


Engineering Exhibition in Delhi 


An engineering exhibition is to be held 
in New Delhi to coincide with meetings of the 
International Commission on Large Dams 
and the World Power Conference in India in 
1951. Exhibits will include working models 
of major river valley projects, fixed models 


of engineering devices, hydraulic models, 
models relating to power generation and 
utilization, land reclamation, soil conser- 
vation and cement factories. Overseas 
countries have expressed their willingness to 
participate. 



Metals in Relation to Living Standards 
in Industrially Under- developed Countries* 


M etals form one of the earth’s most 
important resources in the support 
and enrichment of human life. In 
ancient and medieval times, metals 
helped man directly in his various avocations, 
his arts and crafts, raised his standard of 
living and lent grace to life by their use in 
the fine arts. Modern man today needs 
metals as much for the munitions of his 
destructive wars as for implementing human 
welfare in daily life. 

The depletion of the earth’s store of 
metals has increased progressively since 18th 
century but, with the 20th century era of 
world wars, it is going to become one of the 
biggest problems of the next century. Since 
1914 more basic metals have been used up 
( a large part either destroyed or irreclaim- 
ably locked up ) than during the whole of 
human history. The diminishing reserves 
of metals such as tin, lead, zinc have already 
become a problem. The 18th International 
Geological Congress, held at London in 
August 1948, devoted a special section to the 
discussion of “ The geology, paragenesis and 
reserves of the ores of lead and zinc " which 
brought out this feature in relief. Doubtless, 
in some measure, the substitution of plastics 
and alloys of the light metals which are in 
more abundant supply and the discovery of 
new reserves in the remaining unexplored 
countries, together with resort to deeper 
mining and developments in the practice of 
ore-refining and upgrading, may put off the 
scarcity for two or tliree generations, but the 
lesson of metal depletion from the accessible 
parts of the earth’s crust should be taken as 
nature’s grim warning that man is spending 
away a prime treasure which is non-replenish- 
able. 


The critical shortage in metals is most felt 
up to now only in respect of tin, h‘ad and 
zinc, but signs are apparent that accessible 
deposits of copper, nickel, manganese, wol- 
fram and antimony are diminishing and new 
discovery is not keeping pace witli demand. 
The extractable stock of platinum, silver and 
gold, left for future needs within minable 
depth, is becoming meagre. The situation, 
though general for the w^hole world, however, 
is becoming acute in the Western Hemisphere, 
chiefly the countries around the North 
Atlantic border where modern standards of 
life demand an inordinate use of metals ; for 
the Eastern countries whose consumption of 
metals is comparatively insignificant and 
who have only played the role of miners of 
tin, manganese, wolfram, antimony and their 
accessories for wholesale export to the West, 
the situation is not so grave. This dis- 
equilibrium in the world’s mineral economics 
calls for adjustment by wise and equitable 
solution and not by resort to the old policy 
of colonial exploitation, tariff barriers, etc., 
against weaker nations. 

Trends in the Use of Metals 

Since the advent of the industrial era, 
the under-developed countries of the world 
have been exploited for their metals and 
ores by the industrially developed countries. 
Tin, manganese, wolfram and antimony 
have thus flowed in increasing volume from 
Malaya, Siam, India, Burma, China, Indo- 
nesia to Europe and North America. The 
per capita consumption of these metals 
in the producing countries has been negli- 
gible, and to the extent to which their 
mineral production has helped the develop- 
ment of metal industries of the world since 


* Paper by D. N. Wadia read at the United Nations Conference on Conservation and Utilization 
of Resources at Lake Success, August 1949. 
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1850 must be measured by their share in 
the spread of the industrial civilization of 
the last century. But the material return 
obtained by these countries for this service 
has been disproportionately small in most 
instances. This factor will tend to res- 
trict, in the coming era of self-determination 
for each nation, the flow of minerals and 
metals in future, except for more substantial 
gains. A growing trend towards conservation 
of mineral resources in hitherto backward 
countries and their utilization ( or barter ) for 
national benefit will be the most significant 
development of the decade. The natural 
result of this may be that the large engineer- 
ing and manufacturing industries of the 
world will not be able to draw, as unrestrict- 
edly as in the past, on ores and raw materials 
except on the basis of reciprocity and on more 
liberal terms of exchange with manufactured 
goods which these backward countries need 
in building up more healthy national eco- 
nomy and standard of living. 

India has supplied 40 million tons of 
manganese ores of the higher grade since 
1900 at a price but little above the cost 
of mining and transport to the consumer ; 
Malaya, Indonesia, Siam and China have 
supplied 5J million tons of primary pig- 
tin during the same interval, and continues 
still to furnish the major part of the world ’b 
demand for this essential metal, for which 
no substitute is in sight. The largest supply 
of the strategic metal, tungsten ( 78 per 
cent ), has come from China, Burma and 
Malaya ever since the discovery of its high 
potential in war and defence. China’s 
mines supply 71 per cent of antimony 
metal, maintenance of which is vital to a 
number of industries. In a similar cate- 
gory must be placed the regular pre-war 
exports of over 2 million tons of iron ore 
to Japan, an industrially developed country, 
by Malaya and other undeveloped countries. 
Ceylon has supplied IJ million tons of 
superior graphite during the last 60 years. 

Lack of Policy of Conservation 

None of these countries had any mineral 
conservation policy in the past and mining 
practice was unscientific, uneconomic and 
inefficient. A national conservation policy 
must imply complete and accurate appraisal 
of resources by organized resource surveys. 
With the exception of India, where an official 
geological survey has been in . existence for 
nearly a century and which has since the war 
been quadrupled^^ and to a less extent in 


China, Burma and Malaya, no scientific 
agency for mineral resource estimation, 
sampling and geological exploration on 
modern lines has been in working in Asian 
countries till very lately. The technique of 
aerial survey and mapping, geophysical 
investigation at depth, statistical control in 
resource assessment and mining, are being 
gradually applied in India after decades of 
experience of unsound mining and despoiling 
of depletable and non-renewable resources for 
export purposes. 

But new trends are appearing in the post- 
war years. India has now a Bureau of Mines 
which is planning a programme of detailed 
appraisal of mineral deposits with systematic 
testing, stoppage of haphazard mining, ore 
beneficiation and use of statistics in enforcing 
conservation by local processing and utiliza- 
tion. Education and training of technical 
and mining personnel for putting into practice 
the chief elements of this programme is 
undertaken since 1945. It is only a matter 
of time for other countries of south-east Asia, 
which have metalliferous minerals, to follow 
in the wake of this programme. In these 
countries the pressure of increasing popula- 
tion, rising living standards, especially of 
food and public health, is creating an insis- 
tent desire for proper development, conserva- 
tion and utilization of their mineral wealth, 
viz. use of new techniques and effective con- 
trols on export of raw products in place of 
the laissez faire attitude of the past. Every- 
where there is a sustained drive to bring into 
use mineral resources as yet untapped to 
build up, with the revenues obtained from this 
source, more productive and diversified eco- 
nomies. The idea has slowly dawned that 
national resources must be cultivated for 
enriching the life of the people by judicious 
use and conservation. 

The general lack of trained geological and 
mining personnel, technicians, engineers and 
other experts in the specific fields is being 
made good slowly by an intensive educa- 
tional effort in training in local institutions, 
overseas scholarships and engagement of 
foreign experts on contract. 

Extent of Metal Resources of India & 

Countries of the Far East 

The resources of India in certain metals 
and ores are fully adequate to support higher 
living standards for the masses which is the 
aim of national planning. They are of a 
scale to ensure supply of indigenous needs for 
centuries and leave an exportable surplus 
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margin. The estimated deposits of iron, 
manganese, aluminium, titanium-ores and 
of the ferro-alloy metals, chromium and 
vanadium, give promise of India becoming, in 
the foreseeable future, an important metal- 
lurgical centre for ferrous metals and alloys 
and for the light-metal alloys. The strategic 
metals, thorium and beryllium, have been 
located in deposits of considerable size. 
Against this, the position in respect of non- 
ferrous metals is one of scarcity. The 
position with regard to lead, zinc, copper, 
cobalt and nickel may, in part, be improved 
by a more detailed exploration in the future. 
But, in respect of tin, silver, platinum and 
mercury, however, the deficiency is of a more 
permanent nature. A few notes on the 
existing proved and prospective metal re- 
sources of India with statistics of production 
and reserves are given in a following para- 
graph. 

Burma has notable resources of wolfram 
and ores of lead, zinc, tin and nickel ; China 
is believed to have the biggest iron reserves 
in the Western Pacific region, next only to 
the vast reserves of Singhbhum- Orissa in 
India, while her known tungsten and anti- 
mony reserves are yet of considerable magni- 
tude. 60 per cent of tungsten and 71 per 
cent of antimony of the world is mined from 
these two countries from deposits which 
are regarded as ample for future needs. 
Malaya has moderate supplies of magnetic 
iron-ores, the chief source of supply to 
Japan. In tin, the south-east Asian coun- 
tries — Malaya, Indonesia, Siam, China and 
Burma — virtually dominate the world pro- 
duction, though both production and distri- 
bution of tin is long controlled by the Inter- 
national Tin Cartel, which has prevented 
some of these countries from reaping the full 
benefit of their valuable natural asset. An 
indispensable accessory to metallurgical indus- 
tries is graphite, for which Ceylon holds big 
reserves of pure crystalline and flake graphite, 
enough to last the world for a long period. 

Outlook for Development Sc Potentialities 

Expansion of these resources by discovery 
of new, or partly explored, or suspected 
deposits in the industrially under-developed 
countries named above is distinctly promis- 
ing. On the other hand, the promise is 
limited by the difficulty and cost of the new 
methods of exploration, geophysical and 
geochemical, and insufficiently trained per- 
sonnel. These features will retard the rate 
of discovery of new resources. These adverse 


factors, however, have, in the past, proved to 
be not wholly disadvantageous, as they 
were the very factors that tended to conserve 
the underground resources of many un- 
developed countries from too rapid depletion. 
In the race for export of ores, for which no 
indigenous market existed and the induce- 
ment of small immediate gain, the majority 
of the metal resources of these countries were 
mined haphazardly and unsystematically, 
the last consideration boing given to any 
aspect of conservation. In countries which 
mine principally for export, this is the only 
aspect of conservation that needs effective 
safeguarding today, as it is the most serious 
threat to the world's mineral economy. The 
other aspects of metal resource conservation, 
viz. conservation of ore milling and con- 
centration and conservation by substitution, 
reclamation, utilization of scrap, etc., are 
problems of the future when the mining 
industry has reached the second stage, viz. 
manufacture of the products of mines. 

Metal Requirements for Industrial & 

Agricultural Developments 

Accurate data and statistics of metal and 
ore production for export as well as for local 
consumption are unavailable for most Asian 
countries. Whatever ore is mined ( and a 
considerable aggregate quantity as well as 
variety is mined ) is mostly for trade pur- 
poses, for export overseas. The return for 
this is principally in the shape of consumer 
goods of general description and very 
subordinately in the form of processed or 
fabricated metals. The per capita use of 
metals, thus, in the every-day life of the people 
of these countries is not ascertainable through 
official statistics, beyond the knowledge that 
it is yet abnormally small. A trend for 
increased use of metals is slowly setting in, 
not for domestic or private life of the citizens, 
but for such general utility purposes as 
public works, engineering, railways, river 
navigation, etc. 

The use of metals in agriculture in all the 
Asian countries is limited to a few primitive 
iron tools which the village smith fashions 
out of the local ores with forest fuel. All 
through the ages, man in Asia has made 
little use of metals in industry and agricul- 
ture, but he developed a remarkable skill in 
fashioning and alloying the metals, iron, 
copper, zinc, silver and tin, for his domestic 
utensils, the most obvious military weapons 
and articles of fine art. Ancient India 
acquired high reputation in the metallurgy 
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of iron and steel, copper, zinc and bronze. 
The fame of the ancient Indian steel wootz, 
in demand in Europe for sword blades, the 
4th century iron pillar of Delhi, a solid shaft 
of rustless wrought iron, 16'' diameter and 
23' 8" high, and the ornamental bronzes and 
statuary of the 5th to 10th centuries are 
examples. 

It would be, perhaps, too much to say that 
the comparatively small productivity of 
Indian agriculture in cereals, livestock and 
commercial crops is related to the small use 
of metals, or that more use of metals would 
mean better tillage. The age-old peasant 
traditions in India lend no support for these 
presumptions ; at the same time, on a broad 
view of the problem, metals and machines 
are a sine qua non of large-scale agricultural 
practice, collective farming, reclamation of 
waste land, swamps and forests. Mechanized 
transport would bring fields, farms and 
factories nearer to markets. These are 
obvious facts, but rural and agricultural 
India, divided into 700,000 villages, reacts 
slowly to new forces. 

Signs of mechanization of agriculture in 
some Asian countries are already becoming 
visible and the tractor-plough might become 
as popular in time as the motor-bus in the 
less remote parts, at any rate, of rural India. 
In industry, the pace is much quicker and the 
demand in India for pig-iron and steel, which 
used to be satisfied with about 2 million 
tons of the former and 1 million tons of 
the latter, put out by the Indian iron and 
steel plants in pre-war days, has increased 
fourfold at the present day. Better housing, 
road-building, motor transport, electrifica- 
tion programmes, cottage industries and the 
spread of air-conditioning in tropical climates 
will continue to swell these demands for 
metals in time. These, with heavy engineer- 
ing plant and machinery required for the 
various multi-purpose water-power, irriga- 
tion and industrialization schemes which 
India and several Asian countries have 
launched since the war, will bring about a 
revolutionary rise in the East's demand for 
fabricated metals from a few hundred 
thousand tons to several million tons. To a 
limited extent, the indigenous resources of 
the Asian countries will be able to cope with 
these steeply rising needs in metals but a 
good part will have to be satisfied with 
imports from abroad. This demand will 
have to be adjusted against their capacity 
and willingness to continue to supply raw 
materials to the more advanced industrial 


countries. To foster such interdependence 
of countries on the world's material resources 
and thus attempt to establish an equilibrium 
between these two sets of countries into 
which the world is unhappily divided today 
should be the goal of the United Nations 
Economic and Social Council. A desire for a 
friendly and satisfactory adjustment of this 
demand and supply for metals and minerals 
in meeting each other's wants and deficits in 
the coming years will be the best guarantee 
for the war-damaged World's peace. 

Principal Metal Reserves in India, 

Production Statistics, etc. 

Data and statistics regarding the following 
twenty metals found in deposits of workable 
size in India are given below : 

Aluminium — Ore reserves are computed 
at about 250 million tons ( AlgOg, 50 per 
cent ) ; the deposits are fairly widespread 
throughout the country, in Bihar, Central 
Provinces, the Western Ghats, Kashmir and 
Madras. The annual production of alumi- 
nium in India is yet small ; 4,000 tons, against 
a requirement of 15,000 tons. 

Antimony — A deposit in Pakistan 
( Chitral ) supplied about 1,000 tons of 
ore per year during the war. The smelting 
and refining was done at Bombay. China 
is the world's largest producer of antimony 
( about 16,000 tons in pre-war years ), the 
largest deposit being found in the province 
of Hunan. The ore is smelted near the mines. 

Beryllium — During the war, India ex- 
ported considerable quantities of beryl. 
Beryl from Rajputana and Bihar is prized 
because it contains 11 to 14 per cent of BeO. 
The exports of beryl have been prohibited 
since 1946. Research on the isolation 
of beryllium and beryllium oxide is being 
carried out by a committee of the Board 
of Scientific & Industrial Research. 

Chromium — Chromite is produced in 
Bihar, Orissa and Pakistan ( Baluchistan ) ; 
the last locality possesses large reserves. 
The production has been around 50,000 
tons per year, the bulk of which was ex- 
ported. Possibilities of upgrading lean 
chromite ores and manufacture of ferro- 
chrome are being investigated. 

Cobalt — The only area within the geo- 
graphical limits of India which has reported 
deposits of cobalt is Nepal but the geology 
and probable reserves are not yet investi- 
gated. 

Copper — The chief producing area is 
Singhbhum ( Bihar ) which has an annual 
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output of about 6,500 tons of metallic copper. 
Other reported deposits are under investiga- 
tion. A number of abandoned sites where a 
copper industry flourished till a century or 
two ago are known ; these supplied all the 
needs of India in copper and brass in medie- 
val times. Burma produced copper matte 
(about 13,000 tons in the pre-war years) 
but the ore reserves are not large. Annual 
consumption of copper in India is 40,000 
tons. 

Gold — Annual production averages 

300.000 fine oz. The gold mines of Kolar 
( Mysore ) are now 9,600' deep, the deep- 
est metal mine in the world. The ore 
persists at this depth, but the problem of 
rock-bursts is increasing in severity. 

Iron — India’s resources in iron-ore are 
of vast extent. In the district of Singh bhum 
and adjoining parts of Orissa, the reserves 
occurring at surface are computed at over 

8.000 million tons ( metal content 60 to 
65 per cent ). The reserves in the Central 
Provinces and parts of Madras are also 
large. In contrast with the vastness of ore 
reserves, however, the annual production 
of pig-iron and steel yet remains small 
( 2 million tons of pig-iron and about 900,000 
tons of steel ). New steel plants are being 
installed and the manufacture of a range 
of ferro-alloys is being considered. 

China’s iron-ore reserves are only next 
to India’s, though they have not been fully 
investigated and the production yet remains 
small. 

Lead — Production of lead in India at 
the present day is insignificant, though 
two centuries ago considerable amount of 
ingot-lead was produced in several parts 
of the country, mainly for military require- 
ments. India's annual lead import is about 

8,000 tons. 

Burma produced 75,000 tons of ingot 
lead in pre-war years. Reserves of lead- 
zinc-silver ores at the Bawdwin Mines are 
calculated at 4 million tons, containing 16 
oz. of silver to the ton. 

Magnesium — Magnesite deposits of large 
extent and high degree of chemical purity 
occur in Madras. In Salem the estimated 
reserve is 90 million tons, analysing over 
96 per cent of magnesium-carbonate. A 
considerable part of the annual output is 
exported. Research on the preparation of 
metallic magnesium and light-metal alloys, 
principally with aluminium, is under 
investigation by the Board of Scientific & 
Industrial Research. 


Manganese — Annual exports from India 
of high-grade manganese have often touched 
the 1 million ton mark during the last 
20 years. Proved reserves of the richer 
grade ores ( 48 to 70 per cent ) are computed 
at only about 15 to 20 million tons ; the 
reserves of lower-grade ores ( Mn 40 to 30 
per cent ) are several times this magnitude. 
Beneficiation of the latter by simple mecha- 
nical means will greatly add to the country’s 
resources in this metal. Manufacture of 
ferro-manganese in India is being investi- 
gated and the unrestricted exports of 
manganese ore has now been con trolled 
by the Government. 

Nickel — There is a paucity of nickel- 
ore in India ; the only notable occurrence 
of nickel-ores is reported from a locality 
in Nepal, but detailed prospecting and 
geological examination have not been done 
to ascertain the quantity and extent of the 
deposit. 

The Bawdwin Mines of Burma produced 
aiiniially nickel speiss averaging 3,000 tons, 
during pre-war years, containing 25 to 30 
per cent of nickel. Annual consumption 
of nickel in India is about 2,000 tons. 

Strontium — Large deposits of remark- 
ably pure celestite, aggregating to about a 
million tons each, occur in the Trichino- 
poly district of Madras and in a West Punjab 
district (Pakistan). The mineral has not 
found industrial use in India yet. 

Thorium — The thorium resources of India 
are considerable. ThOg is a constant in- 
gredient of the mineral monazite occurring 
in the form of beach sands, covering large 
areas of the Travancore coast. These beach 
deposits constitute a large potential source 
of thorium, which has now assumed strate- 
gic importance as an atomic fuel or a source 
of atomic energy. The export of monazite, 
for strategic reasons, is now prohibited by 
Government. 

Titanium — The mineral ilmenite is widely 
distributed in India and constitutes an 
important mineral asset of the country. 
It occurs as highly concentrated black sand 
along a hundred-mile stretch of the Tra- 
vancore coast. About 75 per cent of the 
world’s requirements in titanium, ranging 
between 200,000 to 300,000 tons per annum 
were, prior to 1940, supplied by Travancore. 
The percentage of TiOg in Travancore 
ilmenite runs to 52 to 62 ; the total reserves 
of ilmenite are estimated at over 300 million 
tons. Rutile is associated with ilmenite 
sands. 



394 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 10 


A considerable accumulation of ilmenite 
occurs in association with the alluvial 
deposits of tin-ore in Malaya from which it 
is separated by magnetic concentration. 

Tin — This metal does not occur in India 
in any appreciable quantity. Malaya is 
the world's largest supplier of tin-ore, the 
quantity varying from 33,000 to 77,000 tons 
per annum (pre-war production), being 
about one-third the world's basic tonnage 
in this metal. This figure represents the 
entire output of Malayan mines. During the 
last 20 years, many of the richer placers 
have been exhausted. The largest pro- 
portion of the ore is won by dredging the 
alluvial and eluvial deposits. The remain- 
ing ore reserves are considered to be large. 
Indonesia and Siam are the next largest 
producers of tin-ore in south-east Asia, 
their share being 19,000 and 10,500 tons 
respectively per annum. China comes next 
with 6,500 tons. All the ore is mined by 
more or less primitive methods from shallow 
alluvial flats. 

Tungsten — A small deposit of this metal 
was worked in India during war years. 
The world's largest producer of this valu- 
able alloy metal is China which has yet 
maintained its lead in this metal in spite 
of her disturbed political conditions. The 
production in pre-war years was 11,000 to 

17.000 tons, the present output being much 
smaller. The ore is worked from large 
deposits of detrital stream-tin. The next 
largest exporter is Burma with 5,000 to 

6.000 tons ( pre-war ) followed by Chosen, 
1,500 to 2,000 tons, and Malaya, from 
a few hundred to 2,000 tons. No part of 


the ore won is used indigenously in these 
countries. 

Uranium — Sporadic deposits of uranium- 
bearing minerals have been found in various 
localities in India, the largest being segre- 
gations of pitch-blende in mica-pegma- 
tites in Bihar, from which a few tons were 
obtained some years ago. Geological work 
has revealed that such deposits are incapable 
of supporting continuous mining. Minerals 
containing the rare earths and metals have 
been observed in pegmatites traversing 
the mica fields of Bihar and Madras, viz. 
samarskite, gadolinite, columbite, tantalite, 
allanite, triplite, torbernite and thorianite. 

Vanadium — Considerable reserves of this 
metal have been localized in parts of Bihar 
and Orissa as vanadium-bearing iron-ores ; 
the vanadium occurs in these areas in 
amounts varying from 0*8 to 3 per cent. 
The total reserves of vanadiferous iron-ore 
is estimated at 3 to 5 million tons. The 
utilization of these ores for manufacture of 
vanadium-steel is under consideration. 

Zinc — Zinc lodes have been observed 
at a few localities in India but no smelting 
of zinc is practised in India today. Slag 
deposits of large size in several districts 
suggest a flourishing zinc industry in 
medieval times, the zinc being refined for 
manufacture of brass and bronze for local 
consumption. The annual consumption of 
zinc in India, at present about 30,000 to 

35,000 tons, is wholly met from imports. 

Zirconium — Reserves of this metal are 
ample, but at present a fitful output of only 
100 to 1,500 tons of the mineral zircon is 
worked for purposes of export. 
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T Hh3 following are the ionospheric data 
observed at Calcutta for the month 
of July 1949. 

Fig. 1 represents the mean hourly 
values of the penetration frequencies of the 
E and Es regions and the penetration fre- 
quencies and virtual heights of region F 2 . 
The figures are obtained from average values 
of the data taken for each hour of the day 
for 5 days a week. Fig. 2 gives the prediction 
of the maximum usable frequencies which 
can be used for different distances of trans- 
mission by reflection at the F region over 
Calcutta for the month of October 1949. 
Table I gives the different occasions during 
routine observation when sporadic E ioniza- 
tion was observed and the values of the 
corresponding penetration frequencies and 
heights. 



( 5 HOURS 54 MINUTES AHEAD OF G.M.T.) 
Fig. 1 — July 1949. 


Sporadic E ionization was found t(' occur 
frequently during early morning hou s but 
less in the afternoon unlike the previous 
month. Absorption of normal E echoes at 
mid-day was less than in the previous month. 
The behaviour of region Fg was found to be 
normal in this month. 



At point of reflection. 

Fig. 2 — Predicted M.U.F. via Fg layer 
during the month of Octoher 1949. 



TABLE I 



Month & 

Date 

Hour 


*£5 

YEAR 








Me. 

Km. 

July 1949 

1 

05.00 

2 70 

105 


08.00 

7 45 

120 



12.CKI 

5-40 

120 



14.(K) 

10-00 

135 



16.00 

6-(K» 

120 



17.00 

4 25 

120 



18.00 

7-(K) 

120 



20.00 

3 25 

105 



21.00 

3-00 

105 



22.00 

3-95 

90 
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TABLE I — contd. 


Month & 

Date 

Hour 

/“e.. 

^Es 

YEAR 








Me. 

Km. 

July 1940 

2 

(K).OO 

2-80 

90 



10.00 

6(M) 

120 



11.00 

6 20 

120 


4 

18.00 

3-30 

120 



19.00 

4 00 

120 



20.00 

4-75 

120 



23.00 

405 

105 


5 

00.00 

4-2.5 

105 



01.00 

3-90 

105 



06.00 - 

5-00 

120 



07.00 

5-20 

120 



08.00 

6 10 

135 



lO.(K) 

6-50 

135 



21.00 

3 -.50 

135 



22.00 

300 

120 



23.00 

2-50 

105 


0 

05.00 

5-75 

120 



06.00 

8-20 

135 



07.00 

4-70 

135 



09.00 

5- 00 

135 



lO.(K) 

6- 15 

135 



17.00 

5-30 

135 



18.00 

5 40 

120 


7 

08.00 

7 00 

120 



09.00 

5-50 

120 



16.00 

4-25 

120 



17.00 

4-70 

120 



21.00 

2-30 

105 



22.00 

2 • 50 

105 



23.(KI 

2-00 

90 


8 

07.00 

4 ■ 25 

105 



1().(K) 

4-50 

105 



16.00 

6-10 

120 



20.00 

6-00 

120 



21.(MI 

4-25 

120 



22.00 

4 00 

105 


9 

06.00 

6-00 

120 



07.(K) 

4-25 

120 



09.00 

5 00 

120 



12.00 

4-70 

120 


11 

16.00 

4-70 

120 



17.00 

10-40 

135 



18.00 

7 • 85 

135 



19.00 

7-(K) 

12(» 



21.00 

6 75 

120 



22.(M) 

3-25 

105 



23.00 

4-70 

105 


12 

00. (M) 

7-95 

105 



01. (K) 

7-95 

105 



02.00 

7 • 95 

105 



03.00 

6-10 

105 



04.00 

4-70 

105 



07.00 

4-70 

120 



08.00 

5 35 

120 



09.00 

6-00 

135 



11. (X) 

6 ■ 00 

135 



19.(X) 

4-20 

120 



20. (HI 

4-(X) 

120 



21.(XJ 

4-25 

105 



22.(X) 

4-20 

105 



23.00 

4- (XI 

105 


13 

00.00 

4-00 

90 



02.00 

5-30 

90 



06.(K) 

5-20 

120 



09.(K) 

4-20 

120 



18.(K) 

5-30 

120 



19.00 

4-40 

120 


'I' A. B L/ E I — contd. 


Month & 

Date 

Hour 


^Eo 

YEAR 








Me. 

Km. 

July 1949 


08.00 

4-60 

105 


. 

09. (X) 

5-(X) 

120 



10.00 

4-90 

120 



23.00 

2-70 

90 


15 

01. (X> 

6-65 

90 



02. (M) 

6-00 

90 



03.00 

5 • .50 

90 



04. (X) 

4-95 

90 



05.00 

4-95 

105 



07.00 

4 • 95 

105 



09. (X) 

5-40 

105 


19 

22.00 

4-60 

90 



23.(HI 

3-20 

90 


20 

OO.fM) 

3-00 

90 



01 .(M) 

3-20 

90 



02.00 

4-(X) 

90 



06.00 

5-00 

105 



07.00 

4-80 

105 


21 

lO.(X) 

4-70 

120 


22 

04.(X) 

2 • .50 

90 



05.00 

2 -.50 

90 



06.00 

2 • 50 

105 



07.(M) 

4 • 65 

105 



08.00 

4 • 75 

105 



09.00 

4 • 75 

120 



16.00 

4-60 

120 



17.(H) 

4 • 25 

120 


23 

10.00 

4-70 

120 



11.00 

4 ■ 80 

120 


25 

18.00 

4 • 25 

120 



19.00 

4-00 

120 


26 

08.00 

4 • 55 

120 



10.00 

11-25 

135 



12.00 

12-50 

135 



15.00 

7-20 

120 



16.00 

7-00 

120 



1 7.00 

4 - 70 

120 



18.00 

3 85 

120 



19.00 

1 1 • 75 

1 35 



2().tX> 

11-00 

135 



21.00 

10-80 

135 



22.(X) 

8-00 

120 



23.(K) 

6-70 

120 


27 

00.00 

8 -.50 

105 



01. (K) 

6 - 90 

105 



09.00 

4 50 

105 



lO.lXI 

11-25 

120 



11.00 

10-00 

1 35 



13.00 

13-10 

150 



14.00 

10-80 

1 .50 



17.00 

9-60 

135 


28 

08.(K) 

8-20 

120 



11.00 

6 - 00 

120 



12.00 

7 -.50 

135 



17.00 

3-40 

120 



18.00 

3-90 

120 


29 

09.00 

5 - 25 

120 



lO.(H) 

6-00 

135 



14.(H) 

12 -(X) 

1.50 



18.00 

4-70 

135 



19.00 

3-80 

120 


80 

01.00 

4 ■ .50 

105 



05.00 

7(K) 

120 



07.(X) 

4 -.50 

120 



09.00 

5-26 

120 



Atomic Nuclear Models & Beta Decay 


SWAMI JNANANANDA 

The National Physical Laboratory, India, New Delhi 


1. Radioactivity & Nuclear 

Model for the Atom 

R adioactivity, which is charac- 
terized by spontaneous emission of 
unique radiations, was discovered by 
Becquerel in 1896. Soon after the 
discovery of the radioactivity of uranium, 
a number of other heavy elements were also 
found to be radioactive. An interpretation 
of this phenomenon was made on the basis 
of Rutherford nuclear model for the atom. 
The atom consists of a central heavy par- 
ticle or nucleus in which most of the mass 
and the total positive charge are concentrated. 
The nucleus is surrounded by a certain 
number of moving electrons in configuration 
whose total negative charge compensates 
the nuclear charge giving rise to neutral 
atom. I'he charge of the nucleus is thus 
an integral multiple Z of the electronic 
charge. 

Chemical and spectroscopic properties 
are determined by the nuclear charge which 
determines the number of electrons and 
their distribution in the extra nuclear 
electronic configuration of the atom while 
mass properties exhibited by the atom 
are due to the nuclear structure, the mass 
being given by the mass of the nucleus. 
Thus, a clear and distinct separation of 
the chemical and spectroscopic properties 
from the mass piroperties are provided by 
the nucleus. Hence there can be, as there 
actually are, isotopic atoms, that is, atoms 
of different mas.ses having the same che- 
mical properties and practically the same 
spectrum. 

The phenomenon of radioactivity is due 
to instability in the very structure of the 
nucleus of the atom which leads to a change 
in either the mass and charge properties to- 
gether or in only the charge properties with 
the mass properties practically unaffected. 
In other words, the spontaneous emission 
of radiations gives rise to a change in either 
the mass and charge properties jointly 
or in only the charge properties. These 
radiations emitted by radioactive elements, 
as a result of careful investigation by 


absorption and other methods, are found 
to be of three different and clearly defined 
groups, alpha, beta and gamma. 

Of these, the alpha rays are found to be 
•doubly charged atoms of helium. i other 
words, they are particles with a positive 
charge of two units and a mass of four 
atomic miss units, jHe^. They, as positively 
charged particles, are deflected by magnetic 
and electric fields. The beta rays are 
positively or negatively charged, high-speed 
positrons or electrons and, as such, are also 
deflected by these fields. The gamma rays, 
on the other hand, are electro-magnetic 
radiations of very high frequency and they 
are unaffected by magnetic and electric 
fields. 

2. The Proton- electron Nuclear 

Model & Emission of Beta Rays 

The emission of radiations accompanied 
by a change of mass properties indicates 
that the atomic nucleus is not a simple par- 
ticle, rather it is composite, and properties of 
nuclei such as momentum or spin which 
can be deduced from optical spectra, con- 
firm the assumption that this composite 
consists of elementary particles. In the 
earliest development of the nuclear theory, 
the nucleus was assumed to be 'built up of 
protons and electrons. The proton-electron 
nuclear model encountered many diffi- 
culties. 

The emission of electrons as beta rays 
from radioactive nuclei was long regarded 
as direct evidence for the existence of 
electrons in nuclei. With the discovery 
of numerous artificially produced radio- 
active nuclei which emit positrons instead 
of electrons in their energy spectra, this 
argument proved to be untenable, since 
beta radioactive substances may emit either 
positive or negative electrons from their 
nuclei. 

The electron and proton, by direct mea- 
surement, are each found to have a spin 
of Hence the angular momentum of 
a nucleus, composed of an odd total number 
of particles, must be half integral. Band 
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spectra show that the nuclear spin of 
is 1. Therefore, it cannot contain an 
odd number of particles, 14 protons and 7 
electrons. Similarly gLi® and 

each with spin 1 , cannot contain odd number 
of particles as required by nuclear proton- 
electron hypothesis. 

as shown by band spectra, follow'S 
Bose-Einstein statistics and hence must 
contain an even number of nuclear par- 
ticles. If the nitrogen nucleus contained 
14 protons and 7 electrons or 21 nuclear 
particles in all, it would have to obey Fermi- 
Dirac statistics, since the total number of 
particles is odd. Also jH®, gLi® and 
gB^® which would have to follow Fermi- 
Dirac statistics actually follow Bose-Einstein 
statistics. 

Thus the spin and statistics properties, 
which the proton-electron nuclear model 
is expected to have, come into conflict with 
those actually observed in a nucleus. 

Measured nuclear magnetic dipole mo- 
ments are all of the order of the nuclear 
magneton e/ll/2MC. The Bohr magneton 
containing the electron mass m, instead 
of the proton mass M, is M/m which is 
equal to 1,840 times as large as the nuclear 
magneton. The measured magnetic dipole 
moment of the electron is one Bohr magneton 
and is negative in sign, corresponding to 
the rotation of a negative charge in the 
spin direction. The presence of electrons 
in the nucleus would, therefore, require 
nuclear magnetic moments nearly 2,000 
times greater than what is actually observed 
and these would be negative in sign. 

If the beta particles emitted by radio- 
active elements, as the proton-electron 
hypothesis implies, be high-energy consti- 
tuents of their nuclei, which have mean 
life from incredibly small fraction of a second 
up to a million years or more, then there 
must be some power to hold these electrons 
for this length of time inside the nuclei. 
In analogy to alpha particles, one may 
attempt to devise a potential barrier. But 
it is impossible, as Bethe and Bacher^ have 
shown, to devise a nuclear potential barrier 
to hold electrons inside the nucleus unless 
the height of the barrier is of the order 
of 13 times the height of the k-level in 
heavy atoms. Such a nuclear potential 
would cause large perturbations of the 
optical and X-ray levels which are defi- 
nitely not observed. 

The electrons observed in beta disinte- 
gration cannot e^^dst in the nucleus prior 


to their emission as beta rays. This in- 
ability can be judged quantitatively from 
the fundamentals of wave mechanics. The 
De Broglie* wavelength A associated with a 
particle of momentum, P=mv, is given by 



where h is Planck's constant. Now, to 
derive the relativistic expression for mo- 
mentum P from equation for kinetic energy, 
let C be the velocity of light, m the mass 
of the particle moving with a velocity v, 
mo its rest mass and E the kinetic energy 
of motion, given by 



= ( mC* - moC* ) 
= AmC* 


Then the momentum, expressed in terms 
of the kinetic energy, has the form 

P = mv = ^^/2EmoC*+E* (2) 

Beta rays from most of the naturally 
radioactive elements have energies of 1*5 
MEV or less, and an electron of this energy 
whose wavelength A, from equations 1 
and 2, is 630x10-^® cm. could not exist 
as a standing wave even in the heaviest 
nucleus of uranium since its diameter 
is 25 X 10"^® cm. 

This fact becomes more obvious when 
the quantization of moment of momentum 
of an electron is considered. Heisenberg® 
has shown that this quantization implies 
that simultaneous knowledge of the position 
and momentum of a particle cannot have 
an accuracy greater than that implied in 
the expression 

APxAq = A (3) 

where AP and Aq are simultaneous in- 
determinacies in momentum and position. 
To consider minimum indeterminacy of the 
position of an electron, a maximum in- 
determinacy in its momentum may be 
assumed. Let this indeterminacy be its 
entire momentum P. Then the minimum 
indeterminacy in position is 

i.e. the minimum indeterminacy is about 
De Broglie wavelength A divided by 2n. 
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Therefore, the minimum indeterminacy in 
position of an electron with an energy of 
1-5 MEV is about lOOxlO-i® cm., or 4 
times the diameter of the largest nucleus. 
Hence it could not be stated that the beta 
particle had ever existed in the nucleus. 

From the considerations of the principle 
of indeterminacy, it can be found that if 
the position of an electron is to be known 
within Aq= 10x10'^^ cm. or about the 
diameter of the nitrogen nucleus, the 
energy of the electron must be of the order 
of 19 MEV. The total binding energy, 
however, of the nucleus is only about 
100 MEV, and if this were to be shared 
between 14 protons and 7 electrons in this 
nucleus, as the proton-electron nuclear 
model implies, then there would be too 
little energy per particle to meet the mini- 
mum energy requirement and, therefore, 
these electrons could not be confined to the 
nuclear volume. 

Thus, these considerations show that the 
proton-electron nuclear model is untenable 
and that the fundamental difficulties as- 
sociated with this hypothesis can be sur- 
mounted when the electron is, as proposed 
by Heisenberg and Majorana, replaced by 
a heavy particle without charge. 

3. The Neutron- proton Nuclear 

Model & Beta Decay 

With the break down of the proton- 
electron hypothesis, there came the neutron- 
proton nuclear model with the proof of the 
existence of another fundamental nuclear 
particle, the neutron. Chadwick’s dis- 
covery of neutron^'^ which threw great light 
on the structure of atomic nuclei, cofirmed 
the hypothesis of a nucleus composed of 
neutrons ( neutral particles ) and protons 
( hydrogen nuclei ). According to this hypo- 
thesis, the atomic number Z of an element 
is the number of protons in its nucleus 
while its mass number A is the total number 
of protons and neutrons in the nucleus, or 

Z=Np, and A=(Np+N„) (5) 

where Np and Nn are the number of protons 
and neutrons respectively. 

The neutron-proton nuclear model, con- 
sisting of heavy particles, surmounts some 
of the principal difficulties which the former 
encountered. On this hypothesis, since 
neutron, like proton, follows the Fermi 
statistics, it is expected that nuclei of odd 
mass number obey Fermi-Dirac statistics 
while those of even mass number obey Bose- 


Einstein statistics. Also, since the spin 
of either one of the elementary nuclear 
constituents is half integral, the nuclear 
spin is expected to be half integral or inte- 
gral according to whether the mass number 
is odd or even. The nuclear spin and 
statistics properties for stationary states, 
expected on this neutron-proton hypothesis, 
have been actually verified by experiments. 
Further, the nuclear magnetic dipole 
moments which, on this hypothesis, are all 
expected to be of the same order of 
magnitude as those of the proton and 
neutron, are also confirmed by experi- 
mental evidence. 

In discussing the proton-electron nuclear 
hypothesis, it has been shown that the 
presence of an electron in a nucleus is an 
objectionable feature both from the point 
of view of the nuclear dynamical and 
statistical properties as well as from that 
of beta decay. If the presence of electrons 
in the nuclear structure be excluded, then 
it is natural to suppose that in the process 
of beta decay, the electrons are formed at 
the moment of their actual emission in a 
manner analogous to the emission of light 
quanta from atoms. This assumption solves 
the difficulties of the nuclear magnetic 
moments, the magnitude of wave function 
in relation to the nuclear dimensions and 
assumption of potential barrier encountered 
by the proton-electron nuclear model. 
There, however, remain the difficulties of 
statistics and spin. In addition to these, 
a still more serious difficulty is that beta 
disintegration electrons have energies dis- 
tributed over a wide range from zero to a 
fairly defined maximum E^^ in spite of the 
fact that the initial nuclei, before the emis- 
sion of beta rays and, after their emission, 
the residual product nuclei have quite 
exactly determined energies. 

Thus the situation to be confronted with 
is that the parent nucleus, in a quantized 
state of definite energy, emits an electron 
leaving a product nucleus also in a quantized 
state of definite energy. The emitted elec- 
tron, however, does not carry away the 
energy difference AE between these two 
quantized states but any energy between this 
value and the energy value which corres- 
ponds to the rest mass of an electron, the 
exact energy in each individual case being 
apparently determined by chance. To ac- 
count for this, Bohr proposed the theory 
of non-conservation of energy in the process 
of beta disintegration. 
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This hypothesis, however, is in conflict 
with the observation that the total energy 
is conserved in the process of beta emission 
as far as the upper limits of beta-ray spectra 
are concerned. It encounters also other 
serious theoretical and experimental diffi- 
culties. 

Then Pauli pointed out that the principle 
of conservation of energy is valid and the 
conservation laws may be retained if it be 
assumed that in beta disintegration a new 
particle which is escaping observation is 
emitted along with the beta particle, carry- 
ing away the missing energy, momentum 
and spin. According to Pauli, this new 
kind of particle which he calls neutrino is 
devoid of electric charge and is of very 
small mass. It has practically no interaction 
with matter. 

In explaining the facts of continuous 
energy spectra, Pauli assumes that in each 
beta decay, an electron and a neutrino are 
simultaneously emitted, that the maximum 
energy of beta rays occurs when the neutrino 
is emitted with zero velocity and that the 
energy difference AE between the initial 
and the product nuclei is distributed among 
the electron and the neutrino so that the 
electron receives a part of AE, varying 
from case to case. Then the maximum 
kinetic energy, which the electron ma> 
receive, is given by 

Eo=AE-.(me + niv )C^ (6) 

where m© and m^ are the rest masses of the 
electron and neutrino respectively and E^ 
is the disintegration energy, represented by 
the upper limit of the energy spectrum. 

The difficulties of spin and statistics for 
a stationary state of a nucleus are, on the 
basis of neutron-proton nuclear model, 
overcome, but we are confronted with these 
difficulties for nuclear instabilty state with 
beta emission. Since in the beta trans- 
formation the atomic weight of the nucleus 
does not change, it is expected that the 
properties of a nucleus having an integral 
or half integral spin and Fermi or Bose 
statistics would be reversed by the 
emission of an electron — a particle with 
half spin an:l Fermi statistics. These pro- 
perties, however, are not changed by this 
transfoi rn ition of initial nucleus into product 
nucleus. The unchangeability of these pro- 
perties can be accounted on the assumption 
of the emission of the second particle, the 
neutrino of half spin and Fermi statistics, 
inasmuch as th^ resultant spin of the 


simultaneously emitted electron and neutrino 
is integral ( 1 or 0 ) and the neutrino and 
electron, both being elementary particles, 
each with Fermi statistics, the initial 
statistics properties of the parent nucleus 
are retained by the product nucleus. 

From the considerations outlined above 
and from the results of experience, it may 
be stated that a neutrino has no charge 
and has a very small mass, only a fraction 
of the electron rest mass. It follows Fermi 

statistics and its spin where h is 

Planck's constant. Its magnetic moment, 
if any, must be less than magneton. 

Nahmias’ search® for ionization by neutrino, 
using strong radioactive sources shielded 
by large amounts of lead ( about 1 metre 
lead) in order to absorb alpha, beta and 
gamma rays and leave only the neutrinos, 
shows that neutrinos cannot form more than 
1 ion in about 500,000 kilometres path in 
air, indicating that their magnetic moment, 
if any, must be smaller than yoVo magneton. 
It has no detectable effects in the free state 
except the momentum recoil of the initial 
nucleus. The data of the automatic Wilson 
cloud chamber experiments with 17CF®, con- 
ducted by Crane and Halpern’ ®, and Allen®, 
show that the momentum of the recoil nucleus 
is greater than what it could have received 
from beta ray alone, thus indicating the 
existence of a third particle taking part in 
the disintegration. So the momentum of 
the recoil nucleus, over and above what it 
could have received from the beta particle, 
must be considered to have received from 
the third particle, the neutrino. 


4. Beta Decay & the Theory of 

Allowed Transitions 

The phenomenon of beta emission is in 
many respects analogous to the phenomenon 
of emission of a light quantum in the 
transition of an electrically charged particle 
from a higher to a lower quantum state. 
A photon is produced in the quantum tran- 
sition effected by the coupling of the electron 
in atom. Similarly, an electron ( negative 
or positive ) and neutrino or antineutrino 
are formed by the transition of heavy 
nuclear particle ( nucleon ) caused by the 
coupling of the nucleons with the electron- 
neutrino field. 

Hence, neutrinos or antineutrinos may 
obey a wave equation similar to Dirac 
equation, the charge being zero and mass 
negligible. The solutions of this equation 
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give values with positive as well as negative 
energy. All states of negative energy must 
be assumed to be ordinarily filled in order to 
avoid difficulties associated with the pos- 
sibility of transitions from positive to negative 
energy. In the case of an electron, an empty 
negative energy state is equivalent to a 
particle analogous to positron, while in the 
case of neutrino, the empty negative energy 
state is equivalent to a particle analogous to 
antineutrino. Thus a neutrino is emitted 
along with the electron and an antineutrino 
along with the positron. Antineutrino has no 
property such as charge or magnetic moment 
that distinguishes it from the neutrino 
except for the difference in connection with 
positron and electron emissions and the 
associated theoretical values. 

In beta disintegrations, the nuclear charge 
is changed by one unit while the mass 
number remains the same. So the pheno- 
menon of beta disintegration can be consi- 
dered as the transition of the nuclear 
heavy particle ( nucleon ) from neutron 
eigen state to the proton eigen state in the 
case of the emission of electron and neutrino 
or from proton eigen state to the neutron 
eigen state in the case of the emission of 
positron and antineutrino which, when 
symbolically expressed, has the forms : 

on*-- >iP> + e-+oV (7) 

iP* — + 

Following the lines of analogy outlined 
above, Fermi^® developed a theory of beta 
disintegration on the basis of an analysis of 
interaction between neutrons and protons, 
and electrons and neutrinos. The theory 
calculates the disintegration probability and 
predicts the shape of the continuous spectrum 
in which the two light particles, electron and 
neutrino or positron and antineutrino, share 
the available energy’. 

The calculations of the theory are ren- 
dered easier by simplifying assumptions in 
which the wave functions of light particles 
are considered as constant over the whole 
nucleus and equal to their value at the 
nuclear radius Ro, the velocity of the heavy 
particles is assumed as negligible in com- 
parison with the velocity of light, and the 
forces of interaction are treated as those of 
short ranges and, therefore, the interaction 
as one depending mainly on the values of 
the wave functions in the neighbourhood 
of nucleons. 


Now, to proceed into the actual working 
of the theory of allowed transitions, consider 
two light particles, an electron and a neutrino 
or a positron and an antineutrino. Let the 
wave function of the electron be denoted 
by (f> and that of neutrino by cj; and X- be 
co-ordinates of both particles. Then the 
interaction will be, in general, a function of 

d d^ 

<f>(%) <!>(%) {%), etc., and 

'I'W (9) 

As the simplest hypothesis, the iriteraction 
may be assumed as one which depends on 
the wave functions of the light particles but 
not on their derivatives and, on this assump- 
tion, the Hamiltonian of this interaction 
may be expressed in the form : 

H^g f (10) 

where g is the constant of coupling between 
the nucleons and electron-neutrino field and 
0 and ^ are the wave functions of proton 
and neutron respectively. 

The forms of experimentally obtained 
continuous energy spectra are found to have 
a better fit with the calculated distribution 
curves if the mass of neutrino be assumed 
to be vanishingly small, i.e. of the order of 
zero compared with the mass of an electron. 
Under the simplifying assumptions men- 
tioned and the condition that pL 0, the 
transition probability P(E) in which an 
electron is emitted with an energy between 
E and E-j-dE is given by 

P(E)dE==G2 IX!^ EVE2-1 (Eo-E)2dE (11) 

where Eo is the total available energy in 
units of MC^, 

$ and ip being the wave functions for proton 
and neutron respectively and the integration 
being a summation over all possible spins 
and directions of the nucleons in the field of 
nuclear forces, 

^ m^C 

G=g -- 

V27:h3 

is the universal constant indicating the forces 
of interaction and 

EVE^ (Eo~E)2dE 

is the statistical factor of the transition 
probability. The expression (11) is a good 
approximation for Z^O. In heavier elements, 
the influence of Coulomb field is appreciable 
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and for these elements the allowed transition 
probability expression (11), however, will be 
of the form : 


P(E)dE=G2| X |2 F(z,e)Ev E^-l 

x[Eo~E]ME (12) 


where F(z,e) is a factor which determines 
the influence of Coulomb field on the emis- 
sion of electrons. This factor is given by 


F(z,e) [p(i^2S)]* 




jraZE^ 

VE^ 


X 



S+i 


gZE 

VE^-T 



l+S 

2 


(13) 


where S=v'l— -a^Z^, the fine structure cons- 
tant a = rlr» Eo is the nuclear radius 
and r is gamma function. The allowed 
transition probability expression (12) did 
not agree with the available experimental 
data in that it did not predict as much 
electron density at low energies as an experi- 
mentally obtained spectrum actually indi- 
cates. The discrepancy between theory 
and experiment could be minimized if the 
theory would be modified so as to permit a 
higher probability for the emission of high 
energy neutrinos. Konopinski and Uhlen- 
beck^^ found a way to effect this modification 
by showing that although Fermi had made 
the most plausible assumption concerning 
the interaction of electron and neutrino with 
the nucleus, other assumptions were neverthe- 
less possible which could lead to different 
probability expressions. They worked the 
theory for several different types of inter- 
action and found that one, in particular, in 
which not only the eigen functions of electron 
and neutrino but also their derivatives with 
respect to co-ordinates were introduced into 
the expression for interaction, led to a modi- 
fied form of probability expression. This 
new expression which seemed to have agreed 
with the available experimental data, dif- 
fered from that of Fermi in that the factor 
(Eo— E)^ appeared in the place of (Eq— E )2. 
The fourth power of neutrino as given by 
Konopinski-Uhlenbeck’s expression instead 
of the second power as in (12) increases the 
probability of fast neutrinos and slow 
electrons and shifts the most probable 
electron energy approximately to Eo/3 for 
large Eo. 


From the considerations outlined above, 
it is obvious that the energy spectrum of 
electrons is given by 

N(E)dE-'Ev/l^^(Eo-E)2dE (14) 

and N(E)dE--EVE^( Eo-E )ME (15) 
in accordance with the Fermi allowed 
transition probability and the Konopinski- 
Uhlenbeck modification respectively. In these 
expressions N(E)dE are relative numbers of 
particles in equal intervals of energy. From 
the allowed transition probability expression 
(12) and the energy spectrum expressions 
(14) and (15), it follows that a plot 

rN(E) dE-ji 

L P2F(z,E) J 

against energy E should yield a straight line 
with its intercept with energy axis represent- 
ing the maximum available energy Eo, if 
the Fermi theory (K=2) or Konopinski's 
theory (K=4) is correct. 

Early experimental data of certain conti- 
nuous spectra appeared to satisfy Kono- 
p'nski-Uhlenbeck allowed transition proba- 
bility equation better than that of Fermi. 
But results of subsequent measurements 
carefully carried out with improved experi- 
mental technique had shown that Kono- 
pinski-Uhlenbeck modification was instigated 
by the influence of scattering of electrons 
caused by the thickness of the source and 
improper source mounting technique. 

5. Allowed & Forbidden Transitions 

Owing to the simplifying assumptions 
already dealt with, the matrix element 
X= y'^Wdw is produced in the disinte- 
gration probability expression (12). This 
element will be near unity if the wave func- 
tions of the nucleons in the initial and final 
states are alike or very much alike. If X'*^! 
orX 7 *^ 0 , the spin change at the disintegration 
^1— 0. This condition constitutes the Fermi 
selection rale for the allowed transition 
probability, the theory of which is briefly 
outlined in the last section ( section 4 ). 

If the matrix element X vanishes for the 
transition ( X = 0 ) which occurs most usually 
with the change of total angular momentum, 
the transition will be forbidden. The for- 
bidden transitions of the first, second and 
third orders are distinguished according to 
changes of I by AI = 1, 2, 3... These 
forbidden transitions are comparatively much 
less probable than the allowed transitions 
with AI==0. The probability of forbidden 
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transitions of higher order decreases by a 
factor of approximately 

Ro _ 4x10-13 1 

h/mC“R6x 10-1^100 

per order. A forbidden transition is charac- 
terized by relatively long life, and by an 
energy distribution curve other than that for 
the allowed Fermi distribution. Fermi made 
approximate calculation and this calculation 
indicates that the energy distribution curve 
at low energies should be at a position 
beneath the allowed Fermi curve in the case 
of forbidden transitions. This indication, 
however, could not be reconciled with some 
of the available experimental data^^. 

6. Life-time & Beta- disintegration Energy 

The theory of beta decay indicates that 
there is a relation between life-time x for 
beta-ray emission and maximum disintegra- 
tion energy Eo available for electron and neu- 
trino, since the reciprocal of the life-time is 
the total transition probability. This quantity 
may. therefore, be derived from the transition 
probability which is obtained by integrating 
the energy distribution equation (10) thus : 

— = E ) (16) 

where G is a constant denoting the strength 
of interaction between the heavy particles 
and light particles. X is the matrix element 
for the transition and f(z,H,) is the integral 
of the energy distribution given by 

f(z.ivj-r F(z,h)EVE2^^^ (E,-E)ME (17) 
J 1 

Eo being in units of electron rest mass. 

The reciprocal of the life-time — for beta 

T 

emission is identical with beta disintegra- 
tion constant X- 

F(z,e)= 1, this is certainly valid for 
all light elements, the disintegration cons- 
tant X niay be expressed in this form : 

X = ( E„-E )*dE (18) 

From the expressions (16) and (17) it is 
obvious that f(z,E,) varies rapidly with 
Eo, and thus the iife-time x of the beta- 
disintegrating element decreases rapidly with 
increasing kinetic energy of the particle, 
so that for small kinetic energy of the beta 
particles when E-y/E^— f/^E 

( 19 ) 


and for large kinetic energy when 

Ev/E^^^E* 

~=El (19a) 

while for much higher kinetic energies when 

eve^>>e‘‘ 

-=E« (19b) 

T 

-- and X, as indicated by (Ih), (17) and (18), 

are identical. Therefore, from ( ^), (19a) 
and (19b), X rnay be expressed in terms of 
beta-disintegration energy E^ by 

logX=log^=K.logE, (19c) 

T 

where E^ is the beta-disintegration energy in 
units of MC^ obtained from the value of the 
upper end point of the energy distribution 
curve and K — 5 or 7, etc., according to the 
range of energy and to the nature and order 
of transition. The group of beta-decay 
processes to which the constant K = 5 holds 
good is interpreted as corresponding to 

allowed transitions while the second and the 
third groups to which the constant K = 7 and 
K=9 hold are interpreted as corresponding 
to forbidden transitions of the first and the 
second orders respectively. The classifica- 
tion of beta-decay processes into two or 
three groups, each group belonging to allowed 
or one of various forbidden transitions, has 
been made by Sargent^^ on purely empirical 
basis which will be dealt in section 7. 

7. Sargent Diagrams & Glassification of 

Beta- decaying Processes 

The Fermi theory of beta decay, as shown 
in the previous two sections, 5 and 6, has 
led to a classification of the beta-decay 
processes into allowed and forbidden transi- 
tions, and the forbidden into different orders. 
This theory also implies the relation between 
beta-disintegration energy Eo and its decay 
constant X and thus offers, so to speak, an 
interpretation to the well-known Sargent 
empirical rule which, in a modified form, is 
similar to the theoretically obtained relation 
expressed by (19c). 

Sargent found that plots of the logarithms 
of half lives or of the disintegration constants 
versus logarithm of the maximum disinte- 
gration energies E^ of the beta-decaying 
isotopes such as those given in Ap- 
pendix I give different orders of curves 
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as shown in Figs. 1, 2 and 3. In these three 
figures, the curves which represent the group 
of isotopes for which the constant K is a 
minimum, are curves of the group of isotopes 
of allowed transition while the other curves 
in each figure are of the groups of isotopes 


of forbidden transitions. Thus, Sargent dia- 
grams form an empirically obtained powerful 
graphical method of classifying the isotopes 
into allowed and forbidden transitions and 
those of forbidden transitions ipto different 
orders. 
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Fig. 3 


8. Meson Theory Sc Beta Decay 

The matrix element X lor allowed transi- 
tion is of the order of unity and so the ex- 
pression (18) for the disintegration constant 
X readily gives the value of G. From the 
mean va)ue so obtained, the coupling cons- 
tant g may be found to be of the order of 
4x10"**® cm.® Erg. The implication of this 
low value of the coupling constant is that 
Fermi field of forces would by far be too 
small to hold the nucleons together. 

To surmount this difficulty, Yukawa^* 
assumed that the force acting between 


nucleons might be described by a meson 
field surrounding the one which acts on the 
other just as the Coulomb force between 
charged particles can be expressed in terms 
of the interaction of these particles with the 
electro-magnetic field. The quanta which 
surround a nucleon are mesons and if these 
are treated as having a finite mass m, the 
range of forces resulting from the meson 
field will be h/mc, the Compton wavelength 
for the meson. From experiments on scatter- 
ing of neutrons by protons, the range of for- 
ces is found to be of the order of 2 x 10“^* cm. 
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With this range of forces, the meson rest 
mass should be of the order of 200 
electron masses. Particles having this order 
of rest mass were discovered in cosmic rays. 
This discovery confirmed the required range 
of nuclear forces as produced by the Yukawa 
scalar meson theory describing the nature 
of the meson field. 

The meson is ascribed an integral spin, 
and as assumed and subsequently confirmed 
by its discovery in cosmic rays, it is either 
negative or positive or neutral. The field, 
though virtual in its nature, may be described 
by the meson particle which has, so to say, 
its formation at a beta disintegration as an 
intermediary between this disintegration and 
the emission of light particles. The meson 
is capable of exchange between a neutron and 
proton or vice versa between a proton and 
neutron or any pair of nuclear heavy particles 
depending upon whether the meson is nega- 
tive or positive or neutral. It has a very 
short half-life period of the order of a micro- 
second and disintegrates into light particles, 
negatron and neutrino or positron and anti- 
neutrino. Thus the interaction symbolically 
expressed is as follows : 

+ ( 20 ) 
( 21 ) 

where lP^ M", M'*', e”, e**', and 
are neutron, proton, negative meson, positive 
meson, negatron, pRxsitron, neutrino and 
antineutrino respectively. 

The meson may be described by a scalar 
function if it be of zero spin and by a vector 
function if it be of spin one. The scalar and 
vector meson theories predict distribution 
of the Fermi type. 

9. Inversion 

The phenomenon of inversion involves 
two variations of the beta process : either an 
electron of the extra-nuclear configuration, 
very usually a K-electron, of the atom may 
be captured by the nucleus with the emission 
of a neutrino, or an electron in negative energy 
state may be absorbed by the nucleus with 
the vacancy so caused being equivalent to 
a positron accompanied by antineutrino. In 
both these variations of the beta process, 
the nuclear charge is reduced by one unit. 

In a nucleus which is unstable with respect 
to its lower isobar, a nucleon from a proton 
eigen state changes into a neutron eigen state 
by emitting a neutrino or an antineutrino 


and absorbing an electron ( a K-electron ) 
or emitting a positron respectively. These 
variations of the beta process may be 
represented thus : 


Z^+eK— >(Z-l)*+.v° (22) 

ZA-^(Z-l)A+e++„r° (23) 


where Z, A, Ck, e+, oV® and oV® are atomic 
number, mass number, K-electron, positron, 
neutrino and antineutrino respectively. 

It is of great importance to determine the 
relative probability of these two r^ocesses 
taking place in this type of rac oactive 
nuclei. In the process given by (22), let the 
energy released be denoted by E, the avail- 
able energy in the process by Eo and the 
ionizing energy of a K-electron by Ek. 
Then assuming statistical conservation of 
energy, E— Eo— E k. The process, represent- 
ed by (23), being the absorption of an 
electron in negative energy state, is analogous 
to the process represented by (22). 

The probability of the absorption of an 
electron is proportional to the probability 
density of the electron in the neighbourhood 
of the nucleus, i.e. to tf) being the wave 
function of the electron, and to the statistical 
weight of the final state which is proportional 
to the square of the energy of neutrino, 
assuming its rest mass is zero ( negligibly 
small). Hence the capture probability Pk 
may be written as 

Pk=^E; (24) 


where A is a constant depending upon the 
kind of transition and Ev the neutrino energy. 
In the process of K-electron capture, if Z is 
small, the wave function of the K-electron 
may be expressed by 

ZR, 


7Z(X 


(25) 


where the Bohr radius for K-electron 

_ h2 h2 

^ 4tc ‘‘^me* me* 


The completed K-level has two electrons and 




Z3 


7Z0L 


3 


at the centre. Hence the expression (24) 
for the probability of the K-electron capture 
may be written in the form : 


Pk- 


2^z*e: 




(26) 
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Now, to determine the probability of posi- 
tron emission, consider an electron in negative 
energy state. There are two of them for each 
cell of volume h^==87u®h^ in a phase space. 
Hence, for positron emission, the probability 
of finding an electron in negative energy state 
per unit volume of momentum space is 

_2 _ 1 

Therefore, the probability of an electron in 
negative energy state being absorbed by the 
nucleus which is equivalent to the probability 
of the emission of a positron in the momentum 
range between and Px+dpx , Py and 
Py-f dpy and pz and Pz+dpz is given by 

“ 4^3 ^Px<^Py^Pz (27) 


The total probability for positron emission 
may be obtained by integrating from px= 
Py==^p^— p^ to Ev — 0. Since an energy of 
2 mC^ is required for an electron in negative 
kinetic energy state to be removed, the 
energy of neutrino may be expressed in 
relativistic units by 

Ey=EQ— mC2— 

where p2=pj + p®+p*. Consider f dpxdpydpz 
=4irpMp and let Po=Cv^lnCH^^^^ 

Eq— mC®. Then the ratio of probabilities 

of a K-electron capture and positron emis- 
sion is 


‘ O 


Since = 4 niC — mC the expression 

a nC 137 


(28) becomes : 




=2iz(Zar- 

/■’'EjpMp 


(29) 


Thus (28) or (29) represents the Fermi expres- 
sion for the ratio of probabilities of the 
K-electron capture and positron emission. 

In the Konopinski-Uhlenbeck theory of 
inversion, the probability of electron capture 
contains the factor |grad (f)\^ instead of the 
factor With electrons in negative 

energy state, this factor introduces and 

with K-electrons a factor so that the 


ratio of probabilities of the K-electron 
capture and positron emission is 


^ p+ 


/‘’°E’p«dp 


(30) 


If the isotopes under consideration be of 
large Z, a correction factor arising from the 
effect of Coulomb field on the wave functions 
must be introduced in the Fermi expressions 
(28) and (29) and likewise in the Konopinski- 
Uhlenbeck expression (30) for the ratio of 
probabilities of K-electron capture and posi- 
tron emission. 

These theories of inversion for allowed 
transition, outlined above, give widely differ- 
ing values for the ratio of probabilities of 
K-electron capture and positron emission 
for this type of radioactive nuclei. 

In a nucleus whicli is unstable to its 
immediately lower isobar, if there is not 
sufficient energy to cause positron emission, 
an electron of the K -shell is absorbed by the 
nucleus and the K-shell will subsequently be 
filled giving rise to the emission of an X-ray 
quantum. This quantum is characteristic 
of the K-radiation of an atom whose number 
is one below that of the original one, inasmuch 
as the capture of negative cliarge reduces 
the nuclear charge and, therefore, the atomic 
number by one unit. This characteristic 
quantum is the distinguishing external effect 
produced by K-electron capture plienomenon 
and was the first evidence of this plienomenon. 

This phenomenon was observed by Al- 
varez^® and subsequently also by others^®. 
Alvarez found that 22^^^ bombarded by 
deuterons emitted a radiation whose absorp- 
tion coefficient agreed with that of titanium 
K-characteristic radiation. The active 
isotope produced by the Ti-d-n reaction was 
an isotope of vanadium 
life of which was 600 days’ while the 
radiation emitted was titanium K-charac- 
teristic X-radiation. 

It was found that vanadium^® was only a 
K-electron capture disintegrating isotope 
without positron emission. It was, however, 
found that there were a few isotopes dis- 
integrating both by K-electron capture and 
positron emission. An experimental study 
of this type of active isotopes could prove a 
touch-stone to test the validity of the two 
theories of inversion which give very widely 
diverging values. Hence a measurement of 
the ratio of probabilities of K-electron cap- 
ture processes and positron emission processes 
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of cadmium^®’ O09 ?)^ the half life of which 
was 6-7 hours, was undertaken by a number 
of workers^®. It was found that this isotope, 
which was disintegrating both by K-electron 
capture and positron emission, was of an 
allowed transition probability and that the 
ratio of K-electron processes to positron 
emission processes was 

= 320±20 

Pp + (observed) 

This observed value, which is in good agree- 
ment with the value predicted by the Fermi 
theory given by 

=342, 

(Fermi) 

is at great variance with the value 
=19800 

(K.u.) 

given by the Konopinski-Uhlenbeck theory, 
which, therefore, is ruled out. 

The author wishes to record his apprecia- 
tion of the active co-operation of his 
scientific assistants, U. C. Gupta, A. Sagar, 
P. N. Sundaram, R. Sundaram and S. K. 
Suri, who helped him in compiling and 
calculating the data given in Appendix I, 


and plotting a number of Sargent diagrams, 
each covering a wide range of beta-decay- 
ing isotopes. 
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APPENDIX I 

BETA-DECAYING ISOTOPES 

( See Section 7, Page 403 ) 


Isotope 

Symbol 



Half-life 

Decay const. 

Energy 

Radiation 





( Sec. ) 

( Sec. -1 ) 

MEV. 


Hydrogen 

H 

1 

3 

10» 

6-9x10 

0-015 

?- 

Helium 

He 

2 

6 

0-8 

8-622x10-1 

3-7 


Lithium 

Li 

3 

8 

0-88 

7-840x10-1 

12-0 


Beryllium 

Bed) 

4 

7 

5xl0« 

1-380 x10 ’ 


K 


Be(2) 

,, 

7 

5x10’ 

l-380xl0-» 


K. Y 


Be 

i> 

10 

10» 

6-902x10-1* 

0-5 

P-. Y 

Boron 

B 

5 

12 

0022 

31-36 

12-0 

P- 

Carbon 

C 

6 

10 

8-8 

7-84x10-* 

3-4 



C 

,, 

11 

1230 

5-611x10-® 

0-95 

P + 


C 

,, 

14 

>10»2 

<v.6-9xl0-i* 

0-145 

P- 

Nitrogen 

N 

7 

13 

3000(?) 

2-3x10-* 


P + . Y 


N 

>> 

16 

8 

8-628x10-* 

6-6(?) 

p- 

Oxygen 

O 

8 

15 

126 

5-321x10-* 


P + 


O 


19 

31 

2-22x10-* 
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APPENDIX I — BETA-DECAYING ISOTOPES — continued 


Isotope 

Symbol 

Z 

A 

Half-life 
( Sec. ) 

Decay const. 

( Sec.“i ) 

Energy 

MEV. 

Radiation 

Fluorine 

F 

9 

17 

70 

9-86x 10 8 . 

2-1 

p-f 


F 

,, 

18 

6720 

1-027x10 * 

0-7 



F 

.. 

20 

12 

5-749x10 8 

5-0 

P . Y 

Neon 

Ne 

10 

19 

20-3 

3-399x 10-8 

2-20 

P + 


Ne 


23 

40 

1-723x10-8 

4-1 

P- 

Sodium 

Na 

11 

21 

23 

3-000x10 8 



Na 

, , 

22 

>108 

6-897x 10 » 

0-58 

P + , Y 


Na 

,, 

24 

5*3 X 10* 

1-302x10-8 

1-4 

P~. Y 


Na 


25 

62 

Ml X 10 8 

2-8 

P> Y 

Magnesium 

Mg 

12 

23 

11-6 

5-950x10 8 

2-82 

P + 


Mg 


27 

612 

1-127x10-8 

1-8 

P“* Y 

Aluminium 

A1 

13 

26 

70 

9-860 x 10 8 

2-99 

p + 


A1 

,, 

28 

144 

4-791 x 10 8 

3-3 

P '. Y 


A1 

>> 

29 

402 

1-716x10 8 

2-5 

P- 

Silicon 

Si 

14 

27 

4-92 

1-409x10 1 

3-74 

P + 


Si 

.. 

31 

10200 

6-9x10 * 

1-8 

P- 

Phosphorus 

P 

15 

29 

4-6 

1-500x10 ’ 

3-63 

P + 


■ P 

, , 

30 

153 

4-50x10-8 

3-0 

p + 


P 

>. 

32 

l*2xl0« 

5-751 xlO ’ 

1-69 

p- 

Sulphur 

S 

16 

31 

318 

2-156x10-1 

3-90 

P + 


s 

.> 

35 

7-52 Xl0« 

9-075x10 8 

0-107 

P" 

Chlorine 

Cl 

17 

33 

2-8 

2-46 xlO-i 


p-^ 


Cl 

,, 

34 

1980 

3-484x10-* 

2-5 

p-f- 


Cl 


36 

>108 

6-902 X 10 » 

0-66 

p+; K, p- 


Cl 

.. 

38 

2220 

3-136x10 * 

1-1, 5-0 

P'M 

Argon 

A 

18 

35 

1-91 

3-63x10-1 

4-38 

p+ 


A 

, , 

39 

240 

2-874x10-8 


p" 


A 

>> 

41 

6600 

1-046x10 * 

1-5 

P"> Y 

Potassium 

K 

19 

38 

462 

1-494x10 8 

2-3 

p + 


K 

,, 

40 

4-5x1018 

1-534x 10 1’ 

0-40 ; 0-70 

P' 


K 

,, 

42 

4-5x10* 

1-534x 10 8 

3-5 

p- 


K 


43, 44 

1080 

6-388x 10 * 


P- 

Calcium 

Ca 

20 

39 

270 

2-555 x 10 8 


K, Y* e- 


Ca 

, , 

41 

7-34 xlO'^ 

9-4 x10 « 



Ca 

,, 

45 

1-55 xlO^ 

4-45 x 10® 

d-'i 

P“> Y 


Ca 

,, 

49 

9x108 

7-66x10-8 

2-3 

P"> Y 


Ca 


49 

1800 

3-83x10 * 


P- 

Scandium 

Sc 

21 

41 

0-87 

7-93x10-1 

4-94 

P + 


Sc 

,, 

42 

1-17x108 

5-897x10 ’ 

1-4 

P + 


Sc 

,, 

43 

1-44x10* 

4-791 X 10 8 

0-4; 1-4 

P'’’^ Y 


Sc 

,, 

44 

1-87x108 

3-689 x 10 ® 


c"", Y 


Sc 

,, 

44 

1-48x10* 

4-67x10 8 

1-45 

P + , Y 


Sc 

,, 

46 

7-34 xl0« 

9-4x10’ 

0-26 ; 1-5 

P> Y. K 


Sc 

,, 

47 

2-27x108 

3-039x10 ® 

1-1 

P-. Y 

P *. Y 


Sc 

, , 

48 

1-58x108 

4-34x10 8 

0-64 


Sc 

,, 

49 

3-42x108 

1 '480x10 * 

1-8 

P- 

P~ 


Sc 


? 

2-94x108 

2-346x10 « 

0-46 

Titanium 

Ti 

22 

45 

1-1 X 10* 

6-275x10-8 

1-2 

p + 


Ti 

,, 

51 

174 

3-965 x10 8 


P-M 

p + 


Ti 

,, 

51 

6-2 X 10® 

1-113x10 ’ 

0-36 

Vanadium 

V 

23 

47 

1980 

3-487 x 10-* 

1-9 

P + 


V 

,, 

48 

>1-4x10® 

<4-928x10 ’ 

1-0 

P+. K, Y 


V 

,, 

49 

5-18x10’ 

1-33x10-® 


K ^ 


V 

,, 

50 

1-33x10* 

5-187x10-8 


P + 


V 

,, 

52 

234 

2-968 X 10-8 

2-05 

p- 

Chromium 

Cr 

24 

49 

2514 

2-748 X 10“* 

1-45 

p + , Y 


Cr 


51 

2-29x10® 

3-01x10-’ 


K, Y%- 

Manganese 

Mn 

25 

51 

2760 

2*50x10-* 

2-0 



Mn 


52 

1260 

5-321 X 10~* 

2-2 

P+. Y 
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APPENDIX I — BETA-DECAYING ISOTOPES — continued 


Isotope 

Symbol 

Z 

A 

Half-life 

Decay const. 

Energy 

Radiation 





( Sec. ) 

( Sec.-* ) 

MEV. 


Manganese 

Mn 

25 

52 

5*62x106 

1*23x10 6 

0*77 

|i + . Y 


Mn 


54 

2*68x10’ 

2-574x 10 6 


K, Y 


Mn 


56 

9*32x106 

7*367 X 10 * 

0-75 ; 2-86 ; 1-09 

P“. Y 

Iron 

Fe 

26 

53 

534 

1*3108 x10 6 




Fe 


55 

^1*26 X 10« 

5*321 X 10 » 


K, e~ 


Fe 


59 

« 

o 

op 

1*81 xlO ’ 

0-26 ; 0*46 

X. Y 

Cobalt 

Co 

27 

55 

6*55 X lO® 

3*797 X 10 * 

1*50 

& + . Y 


Co 


56 

6*22 xl0« 

1*109 X 10 ’ 

1*2 

P + . Y. K 


Co 


57 

2*33 X 10’ 

2*98 X 10 « 

2-6 

K,Y,c-.pl- 


Co 


58 

6*221 xBF 

1-109 X 10 * 

0*470 

P ‘ . Y 


Co 


60 

l*67xl0» 

4-13X10-” 

0-31 

' . Y 


Co 


60 

640 

1*078 10 6 

1*3 

P . Y 

Nickel 

Ni 

28 

57 

1*3x106 

5*342 X 10 6 

0*67 



Ni 


59 

4*72 X 10« 

1*48 x10 » 

0-05 

rx 


Ni 


63 

9350 

7-379 X 10-6 

1*9 

P'. Y 

Copper 

Cu 

29 

58. 60 

81 

8-51 X 10 6 


P ' 


Cu 


61 

1-3x10* 

5-342 X 10 6 

0-9 

P+ 


Cu 

f 1 

61 

1*3-10* 

5-342 X 10 6 


K 


Cu 

1 1 

62 

63 

1-064 X 10 6 

2-6 

P + 


Cu 

> I 

64 

4-6x10* 

1-501x10 6 

0-58([i-) ; 

{i+ or p - 







0*66([i-^)' 

or K 


Cu 

> 1 

66 

300 

2*301 X 10-6 

2-9 


Zinc 

Zn 

30 

63 

2280 

3*0026 X 10-* 

2*32 

p+ 


Zn 


65 

2*16x10’ 

3-29 X 10 « 

0-4((ii + ) 

p + ,K,Y,e‘ 


Zn 


69 

3420 

2-018 X 10 * 

1*0 

P- 

Gelliurn 

Ga 

31 

64 

2880 

2-39 X 10 * 


P + 


(ia 

1 f 

65 

900 

7-66 ■ 10 6 


K, e- 


Ga 

1 1 

67 

2-99 ;• 106 

2*31 - 10 « 


K, V, e* 


Ga 

1 f 

66 

3 *4 X 10* 

2-29 < 10 6 

3-i 

p '■ ' 


Ga 


68 

4080 

1-691 X 10* 

1-9 

pt 


(ia 

9 1 

70 

1140 

6-054 > 10 * 

1-70 

P-.Y 


Ga 

9 1 

72 

5 X 10* 

1*38 x10 6 

2*6 

P- . Y 

Germanium 

Cie 

32 

71 

1-1 106 

6-275 • 10 6 

1-2 

P + 


Ge 


75 

4860 

1-428 X 10 * 

1-1 

P 


Ge 

, , 

77 

2-9 > 10* 

2-380 ■: 10-6 

1-9 

p- 

Arsenic 

As 

33 

73 

1-8x106 

3-835 - 10 6 

0-6 

P< 


As 


74 

1-4 V l()« 

4-928 X 10 ’ 

l-3(fi-) : 0*9(^ f ) 

PY P + . Y 


As 

,, 

78 

3780 

1-825 - 10 * 

1-4 

P-. Y 

Selenium 

Se 

34 

81 

1140 

6-054 X 10 * 

1-5 

P 

Bromium 

Br 

35 

78 

384 

1-796 X 10 6 

2-3 

[4 + , V 


Br 


80 

1080 

6-398 X 10 * 

2-0 

p. ? ‘ 


Br 


82 

1*2 X 106 

5-747 < 10 6 

0-465 

Px y 


Br 

, , 

83 

8400 

8-214 X 10 * 

1-05 

r 

Krypton 

Kr 

36 

79 

1*2x106 

5-751 X 10 6 


[i' 


Kr 








Kr 

, , 

88 

1*1 X 10* 

6-275 x 10 6 

2-5 


Rubidium 

Rb 

37 

86 

l-7xl0« 

4-588 10 ’ 

1-56 

lE 


Rb 


87 

6x 10*» 

1-150 N 10 

0-132 or 0-25 

P- 


Rb 


88 

1*1 X 10* 

6-275 X 10 6 

5-1 



Rb 

,, 

89 

900 

7-666 X 10 * 

3-8 

fE. y 

Strontium 

Sr 

38 

89 

4*8 X 10« 

1-437 X 10 ’ 

1-50 or 1*32 

p- 

Yttrium 

Y 

39 

87 

5*04 X 10* 

1*37x10-6 

0-5 

e Y 


Y 


88 

7200 

9*581 X 10 6 

1-2 



Y 

II 

90 

2*2x106 

3-137 V 10 « 

2*6 

P- 


Y 

, , 

91 

4*92 xl0« 

1-406 X 10 ’ 

1*6 

y 

Zirconium 

Zr 

40 

89 

2*8x106 

2-465 X 10 « 

1*0 

p-f 


Zr 


89 

27 

2-55 x10 2 


X y 


Zr 


93 

5*44x106 

1*256 X 10 ’ 

0-25 or 0-57or0-29 B- v 


Zr 


95 

6*12 X 10* 

1*126 x 10 6 

1*0 



Zr 


97 

3*6x10’' 

1-917 x 10 

1*9 

p- 


Zr 


97 

5*4xl0» 

1-277x 10 * 

1*5 

1^^- 


Zr 


97 

2*52x106 

2*62x10 « 

1*17 
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APPENDIX I — BETA-DECAYING ISOTOPES — continued 


Isotope 

Symbol 

Z 

A 

Half-life 
( Sec. ) 

Decay const. 

( Sec.-i ) 

Energy 

MEV. 

Radiation 

Columbium 

Cb 

41 

92 

9-5 X 10* 

7-28x10-* - 

1-38 or 0-59 

r. Y 


Cb 

, , 

94 

396 

1-743x10 * 

1-4 

r. Y 


Cb 


95 

4500 

1-533x10-* 

1-0 

P- 

Molybdenum 

Mo 

42 

91 

1020 

6-764x10 * 


P + 


Mo 

1 1 

99 

2-4x10* 

2-874x10 * 

1-5 

P-. Y 


Mo 

» 1 

101 

876 

7-88x10 * 

1-8, 1-0, 2-2 

P-. Y 

Masurium 

Ma 

43 

101 

8-4x10* 

8-21 X 10* 

1-L 1-3 

P*. Y 


Ma 

,, 

101 

3-30x10* 

2-089x10 * 

2-5 

P"» Y 


Ma 

»> 

96 

9-72x10* 

7-18x10* 


P+ (?) 


Ma 

,, 

101? 

18 

3-83x10* 


P' 


Ma 

,, 

101? 

1-31 x 10* 

5-34x10* 


p- 


Ma 


99 

2-38x10* 

2-93x10 * 


e-, Y 

Ruthenium 

Ru 

44 

105 

1-44x10* 

4-6x10* 

1-5 

P- 


Ru 

,, 

105 

240 

2-874x10-* 

4-0 

P- 

Rhodium 

Rh 

45 

102 

1-81 X 10’ 

3-828x10 » 

M (r) 

P". P + , Y 


Rh 

, , 

104 

44 

1-568x10 * 

2-3 

P“ 


Rh 

,, 

105 

1-22x10* 

5-70x10 * 

0-5 

P- 

Palladium 

Pd 

46 

107 

4-7 X 10* 

1-468x10 * 

1-03 

P- 


Pd 

,, 

111 

1560 

4-424x10 * 

3-5 

P- 

Silver 

Ag 

47 

106 

1470 

4-696x10 * 

2-04 

P + (?) 


Ag 

, , 

108 

138 

5-001x10 * 

2-8 

P- 


Ag 

,, 

no 

22 

3-136x10* 

2-8 

P". Y 


Ag 

,, 

112 

1-2x10* 

5-751 x 10-* 

2-2 

P~> Y 


Ag 

,, 

111 

6-48 x 10* 

1-07x10 * 

0-8 

P- 

Cadmium 

Cd 

48 

115 

2-2x10* 

3-136x10 * 

Ml 

P", Y 


Cd 

,, 

115(?) 

3-46x10* 

2-006x10 ’ 

0-095 

P» Y 


Cd 

,, 

117 

1-35x10* 

5-1/ x 10* 


P- 

Indium 

In 

49 

no 

3900 

1-781x10-* 

1-6 

P + 


In 

9 9 

111 

1380 

5-001x10 * 


P + . Y 


In 


114 

72 

9-580x 10 * 

1-98 

P- 


In 


116 

13 or 3240 

5-342x10 * or 
2-1? X 10* 

2-8 or -85 

P~ or p-, Y 


In 

,, 

117 

7020 

9-844 X 10-* 

1-73 

P", Y* 

Tin 

Sn 

50 

125 

540 

1-28x10 * 


P- 

Antimony 

Sb 

51 

120 

1020 

6-764 X 10 * 

1-53 

p-f 


Sb 

, , 

122 

2-4 X 10* 

2 884x10-* 

0-81 

Px Y 


Sb 

,, 

122 

>2-4x10* 

^2-884x10 * 

1-64 

P", Y 

Tellurium 

Te 

52 

129 

4320 

1-6x10-* 


p- 


Te 

,, 

131 

1500 

4-60x10 * 


P- 

Iodine 

I 

53 

126 

1-1 X 10* 

6-272x 10 ’ 

1-1 

P', Y 


I 

,, 

128 

1499-40 

4-61 X 10 * 

1-85, 1-05, 2-10 

P", Y 


I 

,, 

130 

4-54x10* 

1-516x10-* 

0-6L 1-03 

P', Y 


I 


131 

6-9x10* 

1-00x10* 


P“» Y 


I 


133 

7-92x10* 

8-78x10-* 

I’-’i 

P- 

Xenon 

Xe 

54 

135 

936 

7-371x10 * 

0-7 or 0-6 

P"» Y 


Xe 

,, 

137 

204 

3-39x10* 

4-0 

P~ 


Xe 

,, 

135 

3-38x10* 

2-403 x 10-* 

0-95, 0-90 

P- Y 

Cesium 

Cs 

55 

134 

5-35x10’ 

1-29x10* 

0-9 

P‘> Y 


Cs 

,, 

134 

1-1x10* 

6-275 x 10-* 

1-0 

P" 


Cs 

,, 

138 

1980 

3-48x10-* 

2-6 

P- 

Barium 

Ba 

56 

139 

5160 

1-336x 10 * 

1 or 2-3 

P'. Y 


Ba 

,, 

140 

1-08x10* 

6-39x10* 

1-2 

P- 

Lanthanum 

La 

57 

140 

1-44x10* 

4-80x10'* 

1-41 

P~. Y 

Cerium 

Ce 

58 

139 

1-26x10* 

5-322x10 * 


P + 


Ce 

,, 

143 

1-3x10* 

5-342x10-* 

« • , 

P~ (?) 


Ce 


141 

2-59x10* 

2-67 X 10-’ 

0-65 

P-. Y 

Praseodymium 

Pr 

59 

140 

210 

3-28x10-^ 

2-4 

P + 


Pr 

,, 

142 

6-95x10* 

1-010x10-* 

2-14 

P", Y 


Pr 

,, 

143 

1-17x10* 

6-115x10-’ 

0-95 

p- 


Pr 

99 

‘143(?) 

1020 

6-9x10-* 

3-1 

P- 
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APPENDIX I — BETA-DECAYING ISOTOPES — continued 


Isotope 

Symbol 

Z 

A 

Half-life 

Decay 

CONST. 

Energy 

Radiation 





( vSec. ) 

( Sec 

.-M 

MEV. 



Neodyomiiim 

Nd 

60 

141 

9x103 

7-66 x 

10 ® 

0-78 

3+ 


Illinium 

11 

61 

? 

4-58x10*^ 

1-506 

xlO « 

2 


Y 


11 

, , 

? 

9*72 < 103 

7-098 

xlO « 

2 

r. 

Y 


11 

, , 

? 

L38xl0« 

5-000 

X 10 ’ 

1-7 


Y 

Samarium 

Sm 

62 

154? 

1260 

5-321 

X 10-* 

1-8 

3- 


Europium 

Eu 

63 

150 

9*72 xl0« 

7-098 

< 10® 




Eu 

, , 

154 

L57 x BP to 

4-40 X 

10 3 or 

0-9 


Y 





2-52 xl0» 

2-62 X 

' 10 » 





Eu 

,, 

152 

3-31 X BP 

2-091 

xlO ® 

P88(p ) 


Y, c- 

Terbium 

Tb 

65 

160 

6-22 xl0« 

1-193 

xlO ’ 

0-70 


Y 

Dysprosium 

Dy 

66 

165 

9000 

7-666 

X 10 ® 

1-20 

- 


Holmium 

Ho 

67 

166 

1-3x10® 

5-342 

X 10* 

1-6 



Lutecium 

Lu 

71 

176, 177 

1-22 A BP 

5-855 

X 10 ® 

1-15 

p- 



Lu 


176, 177 

5-70x10® 

1 -22 X 

10 6 

0-44 

p- 

P 



Lu 

, , 

176 

2-3 X BP« 

3 X 10 

ID 

0-215, 0-40 


Tantalum 

Ta 

73 

182 

8-38 X BP 

8-233 

X 10 ’ 

1-0, 0-98, 0-32 

Pa 

Y 








0-050 



Tungsten 

W 

74 

185 

6-7 X 10« 

1-030 

X 10-’ 

0-55—0-65 

Pa 

Y 







0-64—0-72 




W 

, , 

187 

8-3 X 10^ 

8-915 

xl0-« 

1-4 

Pa 

Y 

Rhenium 

Re 

75 

186 

3-2 X 10® 

2-157 

X 10 « 

1-05 

p- 



Re 

, , 

188 

6*5 X BP 

1 -062 

X 10 ® 

2-5 

P- 


Osmium 

Os 

76 

191 

1-2 10® 

5-748 

10 ® 

1-5 

P , 

Y 


Os 

, , 

193 

3-9 X BP 

1-770 

• 10-’ 

0-35 

Pa 

Y 

Irkliu m 

Ir 

77 

194 

6*8 X 10‘ 

1-014 

X 10 ® 

2-2 

Pk 

Y 


Ir 

, , 

192, 194 

518 X BP 

1-33X 

10 ’ 


Pa 

Y 

Idatiniim 

Pt 

78 

197 

6*48 X 10^ 

1 -064 

X 10 ® 

0-65. 0-72 

p- 



Pt 

, , 

199 

1860 

3-7 X 

10 * 

1-8 

P- 


Gold 

Au 

79 

196 

4 X 10® 

1-726 

■ 10® 

0-36 

Pa 

Y 


Au 

,, 

198 

2-3 ; 10® 

3 X 10 

6 

0-8 

Pa 

Y 


Au 

, , 

199 

2*85 X 10® 

2-429 

X 10 ® 

1-01 

P > 

Y 

Mercury 

Hg 

80 

203, 205 

4-45 A BP 

1-550 

X 10’ 

0-46 

Pa 

Y 

Hg 

, , 

205 

330 

2-9 X 

10 ® 

1-62 

P 


Thallium 

Tl 

81 

204 

253 

2-727 

• 10 3 

1-6 

P- 



T1 

,, 

206 

1-1 < 10« 

6-27 > 

10 

0-87 

P- 



AcC' 


207 

291 

2-371 

< 10 3 

1-47 

pA 

Y 


ThC" 


208 

186 

5-480 

xlO 3 

1-82 

Pa 

V 


RaC" 

, , 

210 

79-2 

1-209 

X 10 3 

1-80 

P 


Lead 

Pb 

82 

203 

615-00 

1-122 

X 10 3 

1-66 

P + 



l^b 


209 

10-8 X 103 

6-389 

> 10 * 

0-7 : 0-75 

P 



Ral) 


210 

6-93 X 10» 

1 -00 V 

10 » 

0-255 

P“. 

Y 


AcB 


211 

2100 

3-287 

X 10 * 

0-5 : 1-4 

pA 

Y 


ThB 


212 

3-8 V 10^ 

1-817 

X 10 ® 

0-36 

P , 

Y 


RaB 


214 

7608 

9-069 

V 10 * 

0-65 

Pa 

Y 


RaE 

83 

210 

4-3 < 10® 

1 -604 

V 10 « 


P“ 



87 (Ack) 87 

223 

1260 

5-33 V 

10 * 


P . 

Y 


Ms Th 

88 

228 

2-1 X 103 

3-193 

A 10 « 

0-053 

P“ 



Ms Thj. 

89 

228 

2*2 V BP 

3-137 

< 10 ® 

1-55, 4-5 

Pa 

Y 


Uy 

90 

231 

8-86 X 10^ or 

7-985 

X 10 8 or 

0-2 

p- 





8-64 X \ 0 * 

7-787 

> 10 8 




Thorium 

Th 

90 

233 

1380 

5-000 

10 * 


P“ 



Ux, 


234 

8-68 X BP or 

7-823 

X 10 8 or 

0-130,0-100 

pA 

Y 





8-82x10" 

7-77 X 

10 8 

0-11,0-13,0-20 



Protactinium 

Pa 

91 

233 

2-37 X BP 

2-911 

V 10 ’ 

0-4 or 0-23 

P . 

Y. 


Uz 


234 

2-41 < 10* 

2-862 

X 10 ® 

0-56, 1-55 

pA 

Y 


Ux, 

,, 

234 

68 

1-014 

xlO 2 

2-32 

Pa 

Y 

Uranium 

U 

92 

237 

6 X BP 

1-150 

XlO 8 

0-26 

p-. 

Y 


U 


239 

1410 

4-894 

X 10* 

0-56, 1-2 

Pa 

Y 

Neptunium 

Np 

93 

235 

>315x10’ 

<2-188 

XlO « 


K, 

Y 


Np 


238 

1-728x10® 

3-993 

X 10-8 

1-35 

P-. 

Y 


Np 


239 


3-427 

XlO 8 

0*14 ; 0-78 

Pa 

Y 



REVIEWS 


History of Dyes and Dyeing in the 

Bombay Presidency, by Mr. B. N. 

Phadke ( Dastane Bros. ; Home Service 

Ltd., 456 Raviwar Peth, Poona 2 ), 1947, 

pp. 152. Price Rs. 12. 

India is now one of the leading cotton 
textile manufacturing countries of the world 
and Bombay province is the home of the 
cotton textile industry in India. A survey 
of the dyeing industry in that province is 
tantamount to giving a correct picture of 
the industry in the whole of India. 
Mr. Phadke*s book under review is an 
important contribution to the history of 
dyes and dyeing — particularly when there 
is in evidence a keen desire for the establish- 
ment of a dyestuff industry in India. 

The book is divided into 5 chapters and 
an appendix containing 1 1 tables is included 
at the end. 

Chapter I is a historical introduction. 
The second chapter deals with indigenous 
dyestuffs. The process of dyeing of cotton, 
silk, wool, ivory, wood and leather adopted 
in various parts of the Bombay Presidency 
are discussed in detail and recent work on 
vegetable dyes and efforts to revive the 
indigenous dyestuff industry are also given. 

Various methods of application of mineral 
pigments on textile fibre for producing 
shades of khaki are fully treated in the 
third chapter. 

The fourth chapter is the most important 
in that it is concerned with synthetic dye- 
stuffs and methods of application to different 
types of fibres like cotton, silk, rayon and 
acetate silk. This chapter is full of useful 
information regarding the trade names 
under which the various classes of dyes are 
sold in the market by different manufac- 
turers, and their extent of popularity in the 
trade. The classification of the dyes and 
their apf^ication for miscellaneous purposes, 
for example, (a) yarn printing ; (b) writ- 
ing inks and stamping paste ; (c) food 

colours ; (d) lakes and pigments ; and 

(e) paper, wood and leather colouring are 
very useful. 

That the indigenous dyes, with very few 
exceptions, cannot compete with coal-tar 


colours has been well brought out in the 
last chapter. The circumstance.^ which 
have led to the decline of the vegetable 
dyestuff industry, and the reasons therefor, 
as well as the possibility of revival of a few 
indigenous dyes like natural indigo and cutch 
have also been well brouglit out. 

The appendix contains interesting infor- 
mation on the chemical aspects of some of 
the dyes, the communities engaged in the 
industry, the variety of textile goods manu- 
factured in various parts of the Presidency 
and different classes of dyestuffs used 
therein, list of manufacturers, importers 
or sellers and trade names, statistics 
of export-import data and other relevant 
details. 

The get-up of the book is satisfactory. 
Some more care might have been exercised 
about the botanical names of the plants list- 
ed in table No. 1 of the appendix where there 
are innumerable mistakes in the names of 
the plants: BiUea frondosa, Rox ; Adanan- 
thera pavonina, W ; Hyetanthes arhartristis ; 
Sympocos racemosa, Rox ; Acacia catechu 
Will ; Permelia chamchadalis , etc. It is un- 
understandable why the author should have 
used the out-of-date name of Caly^accion 
longifolium when Ochrocarpos longifolius, 
Benth & Hook, is found in Cooks Flora of 
the Bombay Presidency which has been listed 
in the bibliography. It would have been 
better if the author had referred to up-to- 
date books on chemistry of natural colouring 
matters before giving the structural formulae 
of some of the natural dyes. For example, 
Brazilin has been given the formula ascribed 
to it by Pfeiffer whereas it has been admitted 
that Perkins formula is preferable. Simi- 
larly, for catechin Freudenberg's formula is 
to be preferred to Nierenstein formula given 
by the author. It is difficult to understand 
how the accepted Robertson and Brockmann 
formulae have been discarded by the author 
for rottlerin. The colouring matter of 
Henna has been identified to be 2-hydroxy 
1-4 naphthaquinone whereas the author 
has given it as CipH^Og. 

The book contains valuable information 
and supplies a long-felt want. 

A. Chari 
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Industrial Profits in India, by M. C. 

Munshi ( Research Department, Federa- 
tion of Indian Chambers of Commerce & 

Industry), 1949, pp. iii+326. Price 

Rs. 15. 

A SCIENTIFIC STUDY OF INDUSTRIAL PROFITS 
is a valuable aid to the framing of business 
policy. It gives better insight into business 
activity in general, apart from indicating 
trends of corporate earnings. Further, a 
proper analysis of profit trends is indispen- 
sable for deciding questions such as a fair 
return on capital or the influence of taxation 
on the production incentive. The author of 
the publication under review has attempted 
an analysis of the industrial profits in India 
during the years 1936-44 and has based his 
study on a painstaking collection of statis- 
tical data. By a close study of the balance- 
sheets and profit and loss statements of a 
large number of joint-stock companies, the 
author has arrived at many interesting find- 
ings relating to the progress of some of the 
major industries and their comparative 
success or otherwise. For instance, the 
author shows the high profits in cotton, 
paper and jute industries followed by sugar 
and iron and steel, and contrasts how the coal 
industry, because of transport difficulties and 
internal weaknesses, could benefit little out of 
the war except towards the end of the period. 
“ An important feature of our industrial 
development during the War ", says the 
author, “ — in marked contrast with those of 
some other belligerent countries — was that 
our industries could earn high profits even 
when the quantum of their production 
remained either stationary or showed a 
marked decline." Again, " Another un- 
mistakable trend that stands out in bold 
relief from our tables is that all these indus- 
tries during the War have collected from the 
pockets of the consumer what they filled the 
coffers of the Government with." 

The enquiry covers the seven major 
industries and relates to 71 cotton mill 
companies, 60 jute mill companies, 54 coal 
mining companies, 48 sugar mill companies, 
8 paper mill companies and 2 each in the 
case of iron and steel and cement industries. 
The book abounds in numerous tables and 
graphs revealing trends of net profits, divi- 
dends, provision for taxation, contributions 
to reserves, the ratio of net profits to sales 
and numerous other facts and figures per- 
taining to the enquiry. The work will, no 
doubt, be regarded as a significant contri- 


bution to the field of statistics relating to 
industrial profits in India. It is hoped that 
the study which ends with 1944 will be 
brought up to date. 

R. B. P. 

Schimmel 1946 Report on Essential 
Oils, Aromatic Chemicals and Related 
Materials ( published by Schimmel & Co., 
Inc., New York), pp. 137. Price $3.25. 

The 1946 annual Schimmel report on 
Essential Oils, Aromatic C hemic ah and 
Related Materials has just become a ailable 
and appears to be a volume of more than 
usual interest. 

An interesting section is devoted to the 
pharmacology of essential oils, and contains 
discussions of their skin- irritating properties 
and of the anti-histaminic action of citral. 
The 1 iogenesis of perfume materials com- 
prises another interesting section. 

Among the developments in the field of 
essential oils and perfume chemicals during 
the year, some of the following may prove of 
particular interest to readers : 

The essential oil distilled from wild cloves 
collected in the Moluccas was discovered to 
be quite different in composition from com- 
mercial clove oil w'hich is produced from 
clove buds from cultivated trees. The wild 
clove oil contained no eugenol and deposited 
crystalline substances not found in ordinary 
clove oil. 

The properties of the volatile oil distilled 
from the blossoms of the Indian mango tree 
were reported and the essential oils of several 
varieties of wild thyme found in Portugal 
were examined. Myristicin was found to be 
one of the main constituents of the volatile 
oil of harvest fennel { Ridolfia segetum ). A 
sulp’.ur compound which had not previously 
been described in literature w'as found in 
the oil distilled from the leaves of the 
sea-buchu, a South African shrub. The 
compound was identified as butyl-pentenyl 
disulphide. 

Two paraffin hydrocarbons, heptane and 
undecane, were identified in the essential oil 
from the oleoresin of Coulter pine. Phel- 
landrene and terpene hydrocarbons in the 
same oleoresin is a rarity. 

vSeveral investigations relative to the com- 
position of the animal fixatives were reported. 
A pyridine derivative was isolated from 
natural musk and several additional phenols 
and acids were identified in castoreum. 
Progress was made on the problem of the 
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structure of ambrein, a crystalline material 
found in ambergris. 

In the field of organic synthesis, a new 
group of perfume materials having intense 
floral odours was discovered in the ethers 
derived from dicyclopentadiene. Various 
epoxides of the ionones were prepared by 
treating them with hydrogen peroxide or 
perphthalic acid. Thio ethers having marked 
insecticidal properties were obtained by the 
reaction of safrole and isosafrole with mer- 
captans. 

A study of the isomeric forms of the Grig- 
nard reagent derived from pinene hydro- 
chloride provided an explanation for the 
fact that reactions involving this compound 
often give unexpected products. A simple 
method was devised for converting the 
reagent entirely to the form giving the 
desired product. 

The statistical section of the report is also 
of considerable interest for this year as data 
not accessible for 1945 or the war years 
generally was now available. Figures appear 
on Italian exports, the patchouly trade in 
Malaya, and Taiwan camphor production, 
to mention only a few. 

Practical Applications of Recent Lac 
Research ( Revised & Enlarged Edition ), 
Edited by H. K. Sen & M. Venugopalan 
( Orient Longmans Ltd.), pp. 123. Price 
Rs. 6/8. 

India practically holds a world mono- 
poly for the most versatile natural resin, 
lac, the cultivation and refinement of which 
is an important cottage industry in the 
country ; but it is left to the advanced coun- 
tries of the West to put it into use in several 
important industries. When the position 
of lac was, therefore, seriously threatened 
by the development of innumerable synthetic 
plastics, the Institute at Ranchi was establish- 
ed to safeguard the industry by means of 
research tending to make lac not only 
more fit for existing industries but also to 
find new uses for it by suitable modifications 
of its properties. What now remains to be 
done is to reduce the dependence of this 
natural product on foreign markets by 
starting such consuming industries in this 
country as have been made possible by the 
valuable researches of the Institute in this 
direction. 

In the revised edition of “ Practical 
Applications ” ur\der review, new chapters 


have been added on ethers and ether-esters 
of shellac, dewaxed lac and varnish, water 
varnishes, instantaneous sound-recording 
discs and the manufacture of oil-cloth. Of 
the other chapters, that on hard lac resin 
has been expanded to include new ways of 
preparing the resin. Chapter VI on shellac 
plastics now includes a section on the 
possibility of manufacturing fillers in this 
country and chapter VI is expanded to 
include shellac cements, waterproof abra- 
sive cloth and paper and possible uses of 
shellac in the manufacture of ply-wood, 
laminated boards and abrasive wheels, 
to mention only a few instances of enlarge- 
ment of the scope of the book. Un- 
doubtedly, therefore, the publication is of 
great practical importance to the industrial 
chemist. 

The costing data, however, based on 
4 annas per pound of shellac. Re. 1 per gallon 
of spirit and Rs. 2 per gallon of linseed oil, 
to take a few instances, tend to make the 
industrial possibilities appear too optimistic 
and unreal to a hard-boiled industrialist. 
The editors, no doubt, say in the preface that 
production costs are only pointers to normal 
conditions, but when those “ normal " condi- 
tions return and whether they will return 
at all are highly problematical. The Insti- 
tute would have done well to show in this 
new edition that with the prevailing prices 
of raw materials, the commercialization 
of these researches was a practical propo- 
sition. 

A few slips in the book as, for example, 
not mentioning filtration of lac solution after 
treatment with activated carbon ( page 11), 
omitting to mention the daily or monthly 
turn-over on which overhead is based ( pages 
2, 10 and 19 ), the unusual basis of ten work- 
ing hours per day ( page 28 ), and SS'" baro- 
meter for perhaps 55° Be. ( page 82 ), may 
be corrected in the next edition. The 
printers, also, might have taken more care 
to see to the proper alignment of types on 
certain pages. These are, however, very 
minor points which do not in any way 
detract the value of the publication. 

The book should be recommended as a 
very valuable technical handbook, and if 
only the industrialists of this country 
seriously consider the possibilities of estab- 
lishing even a few of the industries 
recommended in the book, no doubt the 
Institute would feel highly rewarded for 
its efforts. 

M. IL 
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Centrifugal and Other Rotodynamic 

Pumps, by Herbert Addison ( Chap- 
man & Hall Ltd.), 1948, pp. x+492. 

Price 36s. 

The book under review deals with cen- 
trifugal and other rotary types of pumps 
which the author calls by the name of roto- 
dynamic pumps. It is a valuable addition 
to the library of books dealing with centri- 
fugal pumps. Though there are many 
books dealing with the design and construc- 
tion of centrifugal pumps, yet Mr. Addison's 
book is the first of its kind in which the other 
types of rotary pumps like the semi -axial, 
axial, bore-hole and propeller types of pumps 
are fully described. His nomenclature of 
rotodynamic pumps seems to be very apt 
in that all the above-mentioned pumps have 
to be directly coupled with a rotary motive 
unit. 

The division of the book into Principles, 
Design and Construction, Performance and 
Installations, and Operation is very logical. 
Though there have been rep titions of the 
subject-matter in more than one chapter, 
such repetitions have enabled tlie under- 
standing of the particular problem of a 
pump under design, construction and 
maintenance better. 

The chapter dealing with the design and 
construction is very illuminating for a student 
of engineering and a practising engineer. 
The various types of centrifugal and other 
rotodynamic pumps are classified and their 
particular merit for specific purposes are 
fully explained. This chapter recommends the 
book for inclusion as a handbook on pumps 
for the use of a practising engineer. The 
enumeration of certain practical difficulties 
that might arise in the handling of hot, 
impure and corrosive liquids is very useful. 
Some details of construction in handling 
these types of liquids, like the types of 
sealing rings in article 84, water-seal 
glands in article 87 and details of casings 
in article 89 add greater practical utility 
to the book. 

In the chapter dealing with mixed flow and 
axial flow pumps, the reference to airfoil 
theory has brought the subject-matter in 
level with modern development. The chapter 
on special-duty pumps is a valuable collection 
of special types of pumps which a practising 
engineer needs most in a reference book of 
this type. The articles on bore-well pumps 
of different types with the accompanying 
diagrams are very well written. 


Under the heading of pumps for hot and 
volatile liquids, the particular problems that 
might arise due to expansion, leakage, 
extreme heat resulting in the needful pro- 
tection for the stuffing boxes, protection to 
packing suggesting their solution are useful 
additions to the knowledge of the working 
of the pumps of this type. 

In the chapter on definitions and termino- 
logy, the author has clearly defined the mano- 
metric, hydraulic and actunl efficiencies 
under different conditions of pumping. In 
the other two chapters following this, the 
author has dealt with the variou. causes 
that contribute to the real'zition of lower 
efficiencies than the designed one in actual 
practice and how best the gap betw(*en the 
two could be minimized. 

The chapter on “ Installations and Opera- 
tions " does not form part of the theory 
of centrifugal and rotodynamic pumps but 
the enumeration of the allied machinery and 
auxiliary appliances has added to the use- 
fulness of the book to the student as well as 
the engineer. It gives an idea of how and 
when a particular type of motive unit should 
be selected for a particular type of pump. 

In the final survey of complete pumping 
plants, the author has selected typical 
examples of a simple layout, a low-lift plant, 
a land drainage unit, a screw type of plant, 
a propeller type of installation, a semi- axial 
and axial pump unit, vertical pumps of high- 
lift and low-lift varieties as in land drainage 
and sewage pumping and bore -hole pumping 
plants. The operation of pumping units 
in series and in parallel have been very well 
described with adequate sketches. The 
principles of boosting pumps and arrange- 
ment of boosting stations are also valuable 
additions. The problems of surge and slum 
pressures in pumping installations has been 
particularly dealt with in detail and solutions 
indicated. A few articles on mobile pumping 
units such as suction dredger and pontoon 
pumps are usefully added in the chapter on 

Particular Installations". 

The last chapter of the book deals with 
certain worked examples of design, selection 
of pumps and auxiliary units which guide 
the student and the practising engineer in 
solving their problems. 

On the whole, the book is highly com- 
mended as a text-book as well as a book of 
reference on the subject of centrifugal and 
rotodynamic pumps. 

V. Ganesh Iyer 
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Plant Growth Regulators 

A NEW GROUP OF PLANT GROWTH 
regulating chemicals, the n-aryl 
phthalamic acids, are described 
( Science, 1949, 109, 588 ). These 
compounds, which are readily 
prepared from phthalic anhydride 
and aromatic amines, can be 
represented by the general for- 
mula (I). The esters, amides and 
soluble salts of these acids as well 
as the n-aryl phthalimides (TI) 
possess similar activity. 


(I) (ii) 



Tomato plants having 1 to 3 
unset blossom clusters were 
sprayed with a solution ( 100 c.c. ) 
containing 100 mg. of the chemical 
and a wetting agent. A general 
pattern of response was evident. 
At low concentrations, the fruit 
set was stimulated and seedless 
tomatoes were produced. A mor- 
phological response involving a 
broadening of the leayes was also 
evident. As the concentration of 
the chemical increased, the 
formative effect became more 
pronounced. At higher concen- 
trations ( 2,000 p.p.m. ), the plants 
were definitely injured. 

N-/ napthyl phthalamic acid, at 
a concentration of 0-1 p.p.m., 
caused leaf roll, at 0'31 p.p.m., 
epinasty, and at 20 p.p.m., stem 
swelling. Above this concentra- 
tion fruit set was completely 
inhibited. 

Maleic hydrazide is another 
interesting compound which has 
been found to produce a pro- 
nounced, but temporary, inhibit- 
ing effect on plant growth. The 
effect is secured with little visible 
harm to the plants. 

Maleic hydrazide, its cupric salt 
and its zinc salt, dissolved or 
suspended in water at a concen- 
tration of 2,000 p.p.m. when 
sprayed on tomato plants, the 
plants failed to grow for a period 
of about 2 months. Root growth . 
was also inhibited. After about 
1 month slight chlorosis was 
observed. After the quiescent pe- 
riod, growth resumed mainly from 
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lateral buds. A 1,000 p.p.m. 
solution produced a formative 
effect when regrowth started from 
the terminal bud. Similar results 
were obtained using triethanolam- 
monium and diethanolammonium 
salts of maleic hydrazide. These 
salts seemed to l>e more effective 
than the free compound. Turf 
was treated with 8, 4, 2 and 1 lb. 
per acre of maleic hydrazide. The 
chemical with a dispersing agent 
was applied as a spray in 200 gal. 
of water per acre. The 1 lb. rate 
had a slight retarding effect ; the 
2 lb. rate inhibited growth for 
1 to 2 weeks ; the 4 lb. rate for 
about 2 weeks, and the 8 lb. 
rate for over 2 months. After 
the quiescent period, growth 
appeared normal. 

The chemicals have no effect on 
the extent or time of germination, 
but the seedlings suffered a 
marked retardation of growth. 

Synthesis of Radioactive Silk 

The possibility of biological 
synthesis of a stable, homogeneous, 
radioactive silk protein has been 
discussed ( Science, 1949, 109, 
625 ). 

This is suggested by the unusual 
properties of fibroin, the protein 
of silk, containing C'Mabelled 
glycine and alanine in exception- 
ally small concentrations. 

To test the ability of the silk 
worm Platysamia cecropia to 
incorporate radioactive glycine 
and alanine into the silk it 
synthesizes, 0*05 c.c. of a mixture 
of the two was injected into the 
body cavity of the mature silk- 
worm ( animal A ). The injection 
contained 0-013 mg. of C^*-car- 
boxyl-labefled glycine with an 
activity of 18,000 cpm. and 0-02 
mg. of C^*-carboxyl-labelled dl- 
alanine with an activity of 9,000 
cpm. ( Geiger Muller ). 

A thin piece of cocoon fabric 
spun by the worm after 24 hr. of 
normal feeding exhibited radio- 
activity. A similar result was 
obtained with a silk- worm ( ani- 
mal B ) injected with 0*05 c.c. of 
a solution containing 0-04 mg. 
of C^*-carboxyl-labelled rfZ-alanine 
alone, with an activity of 18,000 
cpm. Fragments of cocoon from 
-each insect placed under an un- 
exposed film and later developed, 
invariably gave radioautographs 


revealing details of the pattern of 
the silk fibres. 

To test whether radioactivity of 
the silk was actually present in the 
component amino acids, the pro- 
tein hydrolysate was subjected 
to njnhydrin procedure. Dupli- 
cate counts of the barium carbon- 
ate precipitate revealed 160 and 
150 cpm. per 0-1 mm. barium 
carbonate, thus showing the 
radioactivity to be present in the 
a-carboxyl group of some amino 
acid associated with the silk 
fibres. 

To make sure that the labelled 
amino acids were actually incor- 
porated into the peptide chain 
structure of the protein itself and 
that they were not adsorbed into 
the silk fibres, rcprccipitated pro- 
tein was tested for radioactivity. 
The hydrolysate from 13 gm. of 
this protein, on ninhydrin deter- 
mination, gave 12-7 cpm. per 0*1 
mm. barium carbonate, or 127 
cpm. per 0-1 mm. of hydrolysate 
of labelled silk fibroin as corrected 
to standard conditions. 

The above results led to experi- 
ments on protein synthesis in the 
isolated silk gland of the insect. 
Four silk glands from two mature 
insects were incubated at 37”C. 
in an atmosphere of oxygen. The 
proteins from the glands, gave on 
assay for radioactivity, a total of 
74 cpm. in the 0*067 mm. sample 
of barium carbonate or 93 cpm. 
per 0-1 mm. of barium carbonate 
as corrected to standard condi- 
tions, implying thereby that the 
amino acids were incorporated 
into protein in the living silk-worm 
gland in vitro. Since the fibroin 
was not isolated, there is no cer- 
tainty, however, that silk rather 
than some other protein was 
synthesized under the conditions 
of the experiment. 

There is the possibility that the 
labelled amino acids may have 
entered preformed fibroin mole- 
cules by " exchange " rather than 
by participation in a true synthesis 
of the fibroin molecule de novo. 
There may also be the formation 
of side-chain peptide bonds be- 
tween the labelled amino acids 
and either amino or carboxyl 
groups not in the a-position. 

Storing Seed Potatoes 

Storing of seed potatoes in 
artificially lighted cellars to check 
their sprouting and consequent 
loss of nutrient under ordinary 
storage conditions is discussed 
{Philips Tech, Rev., 1949. 10, 318). 

Sprouting is checked at low tem- 
peratures ( 2° to 4X. ), and with 
a little light at 5° to 9X. While 



October 1949 ] 


NOTES & NEWS 


419 


the former method is neither prac- 
ticable nor economically justifia- 
ble, the latter involves tedious 
temperature regulations in the 
frosted glass-sheds where the 
potatoes have to be stored. 

The effects of artificial light on 
sprouting were, therefore, investi- 
gated. One part of an under- 
ground test cellar with potatoes 
so stored in shallow boxes as to 
allow light to penetrate between 
them was illuminated with ordi- 
nary incandescent lamps and 
another part with fluorescent 
lamps of the “ daylight ” colour. 
The lighting was on continuously 
for a period of 3 months after 
which period the potatoes were 
taken out for planting. 

In the first part lighted with 6 
incandescent lamps installed in 
each section of 7 x 8 m., placed at 
intervals of 3 m., potatoes were 
found in a better condition than 
those which had been kept in 
clamps, but sprouting was not 
well checked. Firstly, the pota- 
toes in the immediate vicinity of 
the lamps sprouted strongly not- 
withstanding the fact that they 
were receiving a fair amount of 
light. This is explained by heat 
radiations from the lamps which 
helped sprouting. Secondly, light 
being radiated from a central 
point in the incandescent lamp, 
there was little uniformity in the 
radiation. Large spaces were, 
therefore, left without any light. 

The second part of the cellar 
illuminated with 5 TL fluorescent 
lamps of 40 w. installed in each 
section of 7 < 8 m. gave better 
results. In this case radiation of 
light was uniform all through and 
there were no shadow points, the 
lamps being mounted vertically 
against the wall. Moreover, there 
was scarcely any heat radiation 
to promote sprouting. 

Investigations were then made 
on the kind of light which checks 
sprouting most and to ascertain 
what amount of light — using 
light of a certain wavelength — 
was just capable of sufficiently 
checking sprouting. 

One lot of potatoes was irradia- 
ted with various intensities of 
blue and another lot with different 
intensities of red light. For the 
first lot a TL lamp was used with 
magnesium tungstate as lumino- 
phore and the addition of a blue 
filter ; for the second lot a lamp 
with cadmium borate was used, 
with a red filter. The irradiation 
took place at 14°C. It was found 
that blue-violet light strongly 
checked the growth of sprouts, 
while red rays had but little effect. 


Very little research having been 
done into the mechanism of 
sprouting of potatoes, it was pre- 
sumed that the blue- violet light 
destroys the auxin — a hormone 
which is responsible for growth of 
sprouts. 

Further irradiation tests were 
so arranged that the light fell 
continuously upon the potatoes 
from one side ( as would be the 
case in the storing of potatoes ). 

Under blue light of an intensity 
up to about 30 erg./sq. cm. sec., 
the sprouts were perceptibly 
checked in growth. The sprout 
that had received about 2 erg./sq. 
cm. sec. was still somewhat photo- 
tropically directed. 

Potatoes under red light, how- 
ever, showed an unexpected phe- 
nomenon. Even a much lower 
luminous intensity of 1 erg./sq. 
cm. sec. ( than with blue light ) 
produced noticeable results. More- 
over, the checked sprouts did not 
grow towards the light, not even 
under much stronger radiations. 

From these experiments it 
appears that the checking of 
sprouting — at least under the 
influence of red light — is not 
to be accounted for by reason of a 
growth-stimulating substance be- 
ing rendered inactive by the light. 
Rather it is to be supposed that, 
under red light, a growth-checking 
substance in the potatoes is acti- 
vated. The question whether this 
hypothesis of activation of a 
growth-checking substance is cor- 
rect is to be further investigated 
experimentally. 


possible by checking the fluid 
flow of the rock. For average 
operation, the scales are set to 
weigh out 25 tons of ground rock 
per hr. which, on reaction with 
approx. 20 tons of acid per hr., 
constitute a 45 ton per hr. opera- 
tion. 

The weighed rock dust is intro- 
duced through a horizontal steel 
air duct tangentially into the 
upper side of the cylindrical 
rubber-lined steel acidulating 
tower. Acid at 115^" to LIS'^F. is 
delivered to the tower at the 
rate of 20 tons per hr. by a stain- 
less steel atomizing nozz’ in the 
centre of the tower. 

The tower discharges directly 
into a puddler over which it is 
situated. The puddler has a 
rubber-lined housing and i* equip- 
ped with propelling flights which 
pass the viscous material along to 
solidifier. The solidifier, a chan- 
nel-like pallet conveyor made up of 
steel plates formed in a U-shape, 
fulfils the function of the den in 
the order process, the material 
leaving it being solid superphos- 
phate ready for storage and 
curing. 

The centralized control of the 
process makes it possible for a 
3 -man crew to operate a 45-ton 
per hr. plant as against 10 to 12 
crew required with a den plant of 
about equal capacity. Power costs 
also compare favourably, the 
Super Flo-process using 1*12 kW.- 
hr. per shrunk ton as compared to 
L75 kW.-hr. in the den instal- 
lation. 


Continuous Superphosphate 

Process 


Beneffeiation of Lead-zinc 

Ore from Zawar Mine 


A NEW SUPERPHOSPH.\TE PROCESS 
with centralized control known as 
the “ Sockett Super Flo-process ” 
is descril)ed {C.T.J., 1949, 125 , 
103 ). 

The raw' materials, Florida 
pebble rock and 66^’ Be. sulphuric 
acid are treated in an acidulating 
tower into which reactants are 
introduced in a finely divided 
state : the ground rock as a dust 
stream and the acid as an atomized 
spray. The reaction is very rapid. 
The superphosphate has a hard 
porous grain structure and pos- 
sesses good physical properties for 
ammoniation, handling and appli- 
cation. 

The rock, ground to 100 mesh 
in an air-swept Raymond pul- 
verizer, is conveyed to continuous 
weighing machine by screw con- 
veyor and bucket elevator. An 
air seal between the pulverized 
rock-feeding spout and the ma- 
chine makes continuous weighing 


The lead-zinc mine of Zawar is 
situated about 25 miles by road 
from Udaipur, Rajputana. Two 
picked samples of ore from the 
mine have been investigated and 
the results of the tests have been 
recently reported ( Trans. Geo. 
Met.I nst.of India, 1949, 45 , No. 1). 

The first ore sample ( -10() 
mesh ) analysed to the following : 


I^b 

Zn 

Fe 

Insol. 

CaO 

MgO 

S 

Sb 

Cd 

AljOj 


1410 

6-97 

2-67 

41-52 

9-60 

5- 74 

6- 23 
0-064 
0-059 
0-21 


A second ore sample investi- 
gated had an assay value of 0-20 
per cent lead and 5*3 per cent 
zinc. 
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Concentration of the ore by 
gravity methods — jigging and 
tabling — and by flotation, was 
tried. In the case of the second 
ore sample, th*e flotation tests 
indicated that the lead, although 
present in low amounts, could be 
successfully recovered as a lead 
concentrate of reasonably good 
grade. 

On the basis of the experi- 
mental work on ore samples 
containing 0*2 to 2*0 per cent 
lead and 4*0 to 10*0 per cent 
zinc, a flow sheet for a pilot mill 
to treat 6 tons of ore per hour has 
been drawn up and machinery for 
such a plant has been specified. 
Recoveries from this plant could 
be expected to exceed 90 per cent 
of the lead in a concentrate 
assaying lead, 66 per cent ; zinc, 
6 per cent ; and 85 per cent of 
the zinc in a concentrate assaying 
zinc, about 63 per cent and lead, 
less than 0*5 per cent. 

The silver content of the lead 
concentrates is so low ( approx. 
6*5 oz./ton ) that recovery of 
silver would not be justified. 

The cadmium-content of the 
zinc concentrates is such that if 
electrolytic methods of zinc pro- 
duction were adopted, a valuable 
cadmium by-product could be 
obtained. 

De- enamelling 

The salvaging of porcelain 
enamel parts, not suitable for 
repair, by de-enamelling is des- 
cribed ( Amer, Cer. Soc. Bull., 
1949, 28, 183 ). The process can 
be applied if it is possible to sal- 
vage the formed-metal shapes 
involved at a cost less than, or 
equal to, the metal shapes involv- 
ed, fabricating cost, and if the 
salvaged metal is suitable for 
re-enamelling. Naturally, in times 
when metal shortages are in- 
volved, the salvaging of parts to 
maintain production operations 
will considerably outweigh many 
of the cost considerations. Addi- 
tional factors involved are con- 
cerned with the cause of final 
rejection of the part in question, 
that is whether the fault is due 
to a flaw or failure in the part 
itself which is not repairable, or 
whether it is due to failure in the 
enamelling operation. There is 
no economic advantage to de- 
enamel parts which cannot be 
salvaged. 

Two methods are employed : 
(1) chemical solution ; and (2) 
mechanical removal. In many 
cases, de-enamelling procedures 
combine both methods. For the 
chemical dissolution of enamels. 


the following procedures are em- 
ployed : (1) acid de-enamelling 

employing hydrochloric, sulphuric, 
acetic and hydrofluoric acids, and 
combinations thereof ; (2) the use 
of caustic alkalies, eitlier molten 
or in boiling water solutions. In 
some cases combinations of acid 
and alkali treatments have been 
employed. 

Of the mechanical means em- 
ployed, the most satisfactory has 
been the use of sand-blast. 

In one method employing sul- 
phuric acid, the ware was placed 
in a tank containing acid at a 
temperature of 140^" to 150°F., 
held at this temperature for 1 hr. 
and then allowed to cool. De- 
enamelling was reported to be 
complete after 12 hr. A recent 
process consists in immersing the 
ware to be de-enamelled in a 10 
per cent sulphuric acid solution 
with 0*03 per cent of a commercial 
inhibitor. The acid is held at 
180°F. and the ware remains in 
the tank for 30 to 50 min. Follow- 
ing this operation, the ware is 
rinsed in a hot-water spray, 
neutralized in a second spray, and 
dried and sand-blasted to remove 
sludge and any enamel which has 
not been taken off. This proce- 
dure appears to hold considerable 
promise for de-enamelling non- 
acid-resistant coating. 

In the process employing molten 
caustic soda ( U.S. Patent, 
528,156 ) the ware is de-enamelled 
in a large heavy-walled steel tank, 
electrically heated and filled with 
molten caustic soda. The process 
is rapid during the first hour or 
two, de-enamelling being complete 
in a few minutes ; but after 5 or 
6 hr., the time required increases. 
So, it is customary to stop the 
operation after 8 hr. and allow the 
sludge to settle. Improvements 
incorporated in the procedure are : 
(1) the caustic bath is heated by 
electrical resistance, the current 
being passed through the bath ; 
and (2) caustic soda is mixed with 
other ingredients which help to 
control the flow current and 
prolong the life of the bath. 

The method is expensive and 
the removal of adhering caustic 
soda is difficult. No lead enamels 
can be used in this process. 

A boiling solution of caustic 
soda ( 5 to 1 5 lb. per gal. of water ) 
has found the most general use in 
de-enamelling processes. The ware 
is immersed in the boiling solution 
for 10 to 12 hr. during which 
period either the ware is agitated 
or the solution is circulated. 
Following de-enamelling, the ware 
is normally cleaned by high- 


pressure spray, in some cases 
followed by wire brushing or light 
sand-blasting. This method has 
not found much favour as it is 
often difficult to produce first- 
quality ware on re-operation. 

Sand-blasting usually employed 
to- remove porcelain enamel from 
cast-iron surfaces has several 
advantages. It provides a very 
high-quality surface for the re- 
enamelling operation, eliminating 
the possibility of nickel-flaking, 
caustic carry-over and blistering 
which have been the major defects 
encountered with chemically de- 
enamelled ware. It has been 
found that by controlling the 
orifice size, air pressure, and the 
angle of incidence of the blast, it 
is possible to sand-blast ware of 
24 gauge thickness without undue 
difficulty. When the blast is 
directed at an angle of 15° to 20° 
from the horizontal, warping of 
the ware is eliminated. Distor- 
tion is further minimized by work- 
ing across the piece from front to 
back so that there is always a 
coating of enamel ahead of the 
sand stream. 

Properties of Some 

Indian China Clays 

Investigation of the minero- 
logical and colloidal nature of 4 
important Indian China clays, viz. 
Rajmahal clay, Kasimbazar clay, 
Travancore clay and Banda clay, 
by chemical analysis, electro- 
dialysis, viscosity measurements, 
differential thermal analysis and 
examination by X-ray and the 
petrographic microscope, has been 
recently completed ( Amer. Cer. 
Soc. Bull., 1949, 28, 187). The 
results of this investigation show 
that these clays are essentially 
kaolinite and had largely the 
properties of typical China clay. 

Tables I and II give the chemi- 
cal analyses of the untreated and 
electro-dialysed clays. 

The theoretical mineral consti- 
tution of these clays, as calculated 
from the chemical analyses of 
the untreated clay, is given in 
Table III. 

The morin dye test was used to 
detect the presence of free alu- 
minium ions in the clear water 
extract of the clays and it can be 
used as an indirect measure of 
stability. The clay is leached by 
soaking in dilute hydrochloric 
acid overnight and then taking 
the supernatant liquid for test. 
The liquid is neutralized with 
caustic soda and then made slight- 
ly acidic. On addition of a few 
drops of morin dye, a greenish-yel- 
low fluorescence is observed under 
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ultra-violet light if aluminium 
ions are present. The greater 
the intensity of the fluorescence, 
the greater the number of free 
aluminium ions in the test solu- 
tion. The dye test shows that 
Kasimbazar clay is the least 
stable, Banda and Travancore 
clays are slightly more stable and 
Rajmahal clay is still more stable 
in so far as it loses its aluminium 
ions with difficulty. 

Thermal analysis of the clays 
showed that these clays consist 
mostly of kaolinite. The Banda 
and Travancore clays contain lar- 
ger percentages of kaolinite as 
their intensity in reaction is 
greatest. The Rajmahal clay 
comes next and the Kasimbazar 
clay shows the least intensity, 
thereby showing the presence of 
considerable amounts of other 
minerals. 

Both untreated and electro- 
dialysed clays were examined by 
the powder method in a General 
Electric XRO X-ray unit. The 
d values of these clays were 
compared with the d values of the 
Langley clay from North Carolina 


NOTES & NEWS 

which was taken as the standard 
kaolinite. Except Kasimbazar 
clay, the others gave peaks at the 
same angles and almost the same 
intensity as the standard. Quartz, 
felspar, mica, etc., usually associa- 
ted with the clays, especially with 
kaolinite, were not detected in the 
three clays. Kasimbazar clay, 
in addition to kaolinite peaks, 
gave peaks for other minerals, 
particularly muscovite. 

Petrographic examination was 
conducted on crushed chiys ( 100 
mesh ). The results showed that 
Rajmahal clay was fine grained, 
and very few hexagonal kaolinite 
crystals were seen at high magni- 
fication. Grains of quartz were 
present. The heavy residue con- 
sisted of clear, rounded quartz, 
with a few flakes of mu.scovite and 
very few grains of magnetite. 
Banda clay was coarser in texture. 
Kaolinite " shrimps " and flakes 
were common. Rutile, titanite, 
tourmaline, magnetite, zircon and 
(juartz were found in the residues. 
Kasimbazar clay showed crystals 
of kaolinite, quartz and muscovite. 
The residues contained mica. 


TABLE I — CHEMICAL ANALYSIS OF THE UNTREATED CLAYS 



Rajmahal 

Kasimbazar 

Banda 

Travancore 


<LAV 

CLAV 

CLAY 

CLAY 



0 


O' 


/(j 

0 

/O 

,0 

SiO, 

.a 4 • 07 

47-71 

43 02 

44-84 

Al,/\ 

32- 10 

34 03 

41 12 

40-70 

I'C‘,03 

0-30 

0 - 02 

0-72 

0-21 

CaO 

0 00 

1-02 

Trace 

0 00 

M^O 

0 12 

102 

Trace 

Trace 

Aik. 

0-3.') 

110 

0-.^).3 

0 20 

Ignition loss 

12-37 

11-80 

12 71 

13 -.30 

Total 

100-00 

100 00 

100 00 

100 (M) 

SiOjAL.O, 

3-00 

2-30 

1 80 

1-80 


TABLE II - CHEMICAL ANALYSIS OF THE ELECTRO-DIALYSED CLAYS 



KaJ MAHAL 

Kasimbazar 

Banda 

Travancori; 


CLAY 

CLAY 

CLAY 

CLAY 

SiOa 

aa • 44 

.50-21 

4.5 .30 

4.5-01 

AV), 

30-07 

3.5 • 00 

41 1)8 

40 40 

Fe,(), 

0-14 

0 21 

0 ()1) 

001 

Cat) 

Nil 

Trace 

Nil 

Trace 

.MgO 

Nil 

T race 

Nil 

Trace 

Aik. 

Nil 

I'race 

Nil 

Trace 

Ignition lo 

13-75 

13-1)2 

13-01 

13-80 

Total 

100 00 

100-00 

100 00 

100-00 



TABLE III 



Minfral 

Rajmahal 

Kasimbazar 

Banda 

Travancore 


CLAY 

CLAV 

CLAY 

CLAY 

Orthoclase 

1-7 

61 

2 72 

1-1 

Anorthite 

30 

7-3 


3-3 

Haematite 

0 3 

0-8 

0-0 

0-2 

MgCO, 

0-3 

30 



Kaolinite 

78-0 

70-3 

80 ’"2 

02 0 

Quartz 

Alumina 

15-8 

51) 

7-5 

3-3 
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quartz and felspar. Travancore 
clay was very fine grained, and it 
was difficult to observe single 
crystals although occasional typi- 
cal kaolinite “ shrimps " were 
found. The residues contained 
very small grains of quartz, both 
round and angular, and few flakes 
of mica. 

Particle-size measurements indi- 
cate that the Travancore clay has 
the least material in the range 
above 10 microns, the Banda 
clay is only slightiv coarser, and 
that the Kasimbazar clav is the 
coarsest of tlie group. Rdjmahal 
clay has an appreciable content 
of relatively large grains and, at 
the same time, the largest amount 
of fine material below 1 micron. 
These conclusions have beem con- 
firmed by electron-mic oscope 
studies. 

A study of the colloidal beha- 
viour of the clays by viscosity and 
p\\ measurements on samples of 
electro-dialysed clays shows that 
they show little base-exchange 
capacity, which is characteristic 
of kaolinite. 

Impervious Crucibles 

Crucibles WITH improved struc- 
ture and higljly impervious lining 
have been developed at the U.S, 
National Bureau of Standards 
( Chem. Age, 1949, 61 » 13 ). 

The new crucibles can with- 
stand attack by highly corrosive 
melts on account of minute inter- 
connecting passages between their 
pores and as such can meet the 
exacting requirements peculiar 
to the production of optical glass 
and the smelting of highly corro- 
sive high-lead glazes and enamels. 

In the method employed, the 
clay casting slip — the mixture 
of dry ingredients with the 
proper amounts of deflocculants 
and water ( to give good flow 
characteristics ) — is poured into 
plaster-of-Paris moulds con.sisting 
of two parts, a shell and a core, 
locked in position before the pot 
is cast. During the initial stage 
of casting, the mould is slightly 
tilted to lessen the tendency to 
entrap air bubbles between the 
lining and the pot. After the 
bottom is filled, the mould is 
levelled and rocked lightly until 
the pot is completely cast. 

Lining of the pots is applied 
before the pots are cast. In 
other words, the lining slip is 
first poured around the core of 
the mould, which is removed and 
transferred to the shell. The pot 
is then cast in the same manner as 
for unlined pots. Double and 
triple layers of lining, up to a 
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total thickness of Y or more, are 
sometimes applied. 

The additional step that has 
been introduced for lining cruci- 
bles consist in spraying a coat 
or coats of clay slip over the 
lining to seal incipient cracks. 
Such faults often open during use 
and permit a fluid glass or glaze to 
penetrate into the walls or, in 
some instances, to leak through 
the crucible. 

The cores are removed as soon 
as practicable after casting in 
order to prevent cracking of the 
lining — timing of this operation 
is critical — and the shells are 
removed when the pots have set 
sufficiently to retain their shape. 
The pots are then air-dried and 
finally, immediately before use, 
are heated to approximately the 
temperature of the melt they are 
to contain. A carefully regulated 
heating schedule has to be followed 
and the rise in temperature con- 
trolled in accordance with the 
relative speed with which the pOt 
can be heated through certain 
ranges without damage. 

In addition to its unusual pore 
structure, the new crucible has 
low gas permeability (even though 
it shows a porosity of 22 per cent 
after firing at 1435°C.). The 
crucible has a somewhat low 
resistance to thermal shock. 

High- temperature 

Laboratory Kiln 

An inexpensive alundum-lined 
kiln that can be fired to 1950°C. 
in about 40 min. with uniform 
temperature control is described 
( Amer. Cer. Soc. Bull., 1949, 28 , 
192 ). The kiln is a small up- 
draft laboratory kiln, unique in 
both ease of firing and replace- 
ment of lining. Standard gas- 
welding equipment was found 
suitable as it provided high flame 
temperatures with a minimum of 
combustion space. 

The interior of the kiln 
( 9^ X 9^" X 7"' ) is lined with stan- 
dard 9"' straight brick of high- 
purity ( 99 per cent ), electrically 
fused alumina. These had been 
fired to cone 35 ( 1785°C. ) in the 
course of manufacture. The lin- 
ing was insulated with 2900°F. 
insulating brick. The use of high- 
purity alumina refractories not 
only allows high temperatures to 
be reached but permits unusual 
kiln atmospheres without the 
danger of flashing and staining 
caused by volatilization of impuri- 
ties in furnace lining. Tempera- 
tures as high as 1950X. were 
reached without lining injury. For 
temperatures above 1900°C., elec- 


trically fused magnesia and elec- 
trically fused stabilized ziroconia 
are suitable. Under strongly oxi- 
dizing conditions, magnesia is 
satisfactory. Under reducing con- 
ditions, however, there was a 
tendency for magnesia to volatilize 
at high temperatures. 

Replacement of refractories in 
the kiln is easily accomplished as 
the lining is not cemented and all 
the parts can be readily lifted out 
and new posts set in. This was 
found to be a distinct advantage 
as it permits free expansion and 
contraction of the lining without 
development of cracks. 

In 40 min., a temperature of 
1950"C. was reached with either 
oxygen-propane torches equipped 
with multi-flame heating tips or 
oxygen-acetylene torches equip- 
ped with standard welding tips. 
The former permits slower heating 
schedule and more uniform tem- 
peratures. For temperatures be- 
low 1,000°C., small gas-air bur- 
ners can be used. 

The advantages of using pro- 
pane in lieu of acetylene are 
numerous. With propane multi- 
flame tips operate more success- 
fully. Because propane is stored 
as a liquid in tanks, changes are 
less frequent, and it is safer to 
store and use than acetylene. The 
main advantage with acetylene is 
its higher flame temperature. 

Torches should be so placed 
that the flame does not impinge 
on the ware. The burner ports 
are cut in the brick and should not 
be more than Y larger than the 
burner-tip diameter. It is advis- 
able to set the ware on refractory 
pedestals or trays about Y above 
the hearth to permit free circula- 
tion. The burner tips are placed 
flush with the outside surface of 
the inner refractory lining and 
concentric with the burner ports. 
The tips are water cooled. These 
precautions prolong their useful 
life. The tips have 2 or 3 turns of 
copper tubing which are silver 
soldered. With acetylene, weld- 
ing tips having an orifice 0*067"' 
to 0*052"' are required. With 
propane, No. 4 multi-flame heat- 
ing tips were used. The kiln has 
only 2 burners firing from opposite 
sides. 

Electric Gauge 

An electric gauge has been 
developed for measuring the bores 
of small guns or tubes of about Y 
inside diameter ( /. of Res., 1949, 
42 , 461 ). 

'The gauge operates on the 
principle of mutual inductance of 
two solenoids mounted on each 


prong of a fork. A constant 
voltage is maintained in the 
primary coil. The current induced 
in the secondary is a measure of 
the distance between the two coils. 
The gauge is calibrated with rings 
of known diameter and the dia- 
nieter of a tube or gun bore is read 
directly on the dial of the instru- 
ment. 

The gauges so far available, 
though quite satisfactory for pro- 
duction control, consume much 
time, are unwieldy and are not 
quite accurate for research work. 
The electric gauge described is 
relatively inexpensive, quick and 
accurate, gives continuous reading 
and has a sensitivity of 0*002"' 
which holds over the entire range 
of 0*02"' without recalibration. A 
wider range than 0*02"' can be 
obtained without recalibration by 
exchanging the gauge points for 
another pair and taking the 
difference in height of the points 
into consideration. The nearer 
the gauge points are situated to 
the Y of the fork, the greater will 
be the mechanical magnification 
of their motion by the solenoids. 
A variation in the use of the 
gauge is to connect the output to 
a recording potentiometer instead 
of to the micro-ammeter. In this 
way a continuous record of the 
profile of the bore of a tube can 
be obtained. This feature of the 
instrument has, however, not been 
fully developed. 

New Synthetic Fibre 

Fibres from cotton-seed pro- 
tein and chemically modified cellu- 
lose produced experimentally at 
the U.S. Bureau of Agr. Ind. 
Chemistry' s Res. Lab., are describ- 
ed {Chem. Age, 1949, 61, 64). 

Cotton-seed fibre is obtained by 
a special acid treatment of the 
proteins from solvent-extracted 
cotton-seed meal. This changes 
the structure of the protein, 
corrects its tendency to gel or 
lump in untreated dispersions, and 
makes it suitable for spinning. 

The fibres from sodium carboxy- 
methyl cellulose ( a soluble com- 
pound made from wood or cotton 
cellulose ) are derived by extruding 
its solution in water through a 
spinerette into a bath containing 
the salt of one or more of heavy 
metals. The fibres being soluble 
in soapy water or other weak 
alkali solutions ( similar to algi- 
nate fibres from alginic acid, a 
constituent of sea weed ), are 
considered suitable for use as a 
spacing agent — to provide the 
" missing threads " — in specially 
woven fabrics. 
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Drying Oil Improver 

A SYNTHETIC ORGANIC CHEMICAL, 
“ dryene ", for improving natur- 
ally occurring drying: oils, has been 
developed by Carbide & Carbon 
Chemicals Corp., New York ( Chem. 
Eng, 1949, 56, 172 ). 

A low molecular weight poly- 
ester, "dryene" is a viscous liquid 
of low volatility. Under condi- 
tions of a varnish or alkyd cook, 
it undergoes ester interchange and 
dehydration to yield a product 
structurally similar to that ob- 
tained from a 6-carbon dienoic 
acid. For purposes of deter- 
mining the balance between hy- 
droxyl and acid groups in an alkyd 
formulation, the up-grader may 
be assumed to be an acid with a 
combining weight of 112. 

The action of " dryene " is 
based on the introduction of 
increased conjugated unsaturation 
into a finish formulated from a 
soft-drying oil, permitting a high 
degree of cross-linking by the for- 
mation of carbon-to-carbon link- 
ages rather than ester linkages, 
the former being more stable than 
carbon to oxygen linkage, typical 
of phtlialic anhydride-glycerol 
alkyds. 

The improved drying character- 
istics of the oil reacted with the 
up-grader make it of great interest 
in treating oils to produce alkyd 
resin varnishes with improved 
alkali and water resistance, more 
rapid set, improved mar resistance 
and increased toughness and dura- 
bility. The same results are ob- 
tained by incorporating "dryene" 
in varnishes and alkyd resins. 

Modified Drying Oils 

Modified oils having special 
setting properties have been pre- 
pared by reacting soya-bean and 
linseed oils with dicyclopentadiene 
(Chem. Eng., 1949. 56, 186). 

Dicyclopentadiene is depoly- 
merized by heat and the monomer 
reacts with the double bonds of 
the oil in accordance with the 
Diels-Alder reaction. Linseed and 
soya-bean bases have been called 
" Cykelin " and " Cykelsoy " res- 
pectively. 

Both the products have practi- 
cally the same properties and are 
used for similar purposes except 
that the linseed base has lighter 
colour and sets quicker than the 
soya-bean base. Both set in a 
few hours, dry hard overnight, 
give films resistant to water and 
alkali, and are miscible with 
bodied or unbodied oils. Their 
use is specially recommended in 
varnishes and enamel vehicles. 
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Foam Inhibitors 

The tendency of lubricating 
oils to foam in use, which reduces 
lubricating efficiency and impedes 
oil circulation in I.C. engines has 
been studied. Recycling of the 
oil through a column of activated 
charcoal at SCC. or lower, reduced 
foam to Vofli the volume of the 
foam from untreated oil. Activ- 
ated manganese dioxide, silica gel, 
and " porocell ", when packed in 
columns for recycling, also de- 
foam the oil to a lesser extent 
(Chem. Age, 1949. 61,47). 

Insect- proofing of 

Cotton Flour Bags 

Discovery of a new treatment 
to make cotton Hour bags insect- 
proof without impairing the qua- 
lity of the flour is claimed by U.S. 
Dept, of Agriculture. The most 
effective treatment is stated to 
consist in spraying 10 mg. of 
pyrethrins alone or mixed with 
100 mg. of piperonyl butoxide 
per sq. ft. of cloth. Bags so 
treated admitted no insects during 
seven months of exposure to 
Cadelle, the Mediterranean flour 
moth ( USIS ). 

Wood Preservative 

A NEW CHEMICAL WOOD PRESER- 
vative, copperized chromated- 
zinc chloride, developed by 
Hoppers Du Pont, is described 
( Chem. Eng., 1949, 56, 186 ). 

Copperized CZC containing 73 
per cent zinc chloride, 20 per cent 
sodium bichromate, and 7 per cent 
cupric chloride possesses greater 
permanence of its toxic consti- 
tuents than CZC. The metal 
corrosion factor, the glow charac- 
teristics, the handling and control, 
however, of the two preservatives 
are reported to be about the 
same. 

Electronic Filing Machine 

An ELECTRONIC MACHINE THAT 
can file away documents on 
10,000,000 different subjects, then 
automatically select documents 
relating to one subject and make a 
picture record of them in a few 
minutes, was recently demons- 
trated at U .S. Dept, of Agricul- 
ture, Washington. 

The new machine, called the 
" Microfilin Rapid Selectro ", com- 
bines the actions of a motion- 
picture project photo-electric eye, 
and a high-speed camera. 

Documents to be filed in the 
machine are first micro-filmed on 
conventional 35 mm. film. The 
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contents of 50,000 ordinary library 
cards can be put on a single reel of 
film. 

While a document is being 
micro-filmed, a code pattern, con- 
sisting of black and white squares, 
is filmed beside it to indicate the 
subject to which the document 
relates. 

To operate the machines, a 
master code card is inserted into 
a slot in the machine. On the 
master card is a code pattern 
identical with that appearing 
besides all micro-filmed doc uments 
relating to a subject, say pe nicillin. 
As a reel of micro-film c docu- 
ments passes rapidly through the 
machine, a photo-electric eye 
scans them, and when a document 
having a code pattern similar to 
that of the master code card for 
penicillin appears, it breaks an 
electronic beam, tripping the 
shutter of a super-fast camera. 
The camera instantaneously takes 
a picture of the document. 

( IJSJS ). 

New Colour- computing Device 

A NEW DEVICE FOR MEASURING 
and analysing a large number of 
colours with piccision and rapidity 
known as C^neral Aniline-Libras- 
cope Tristimulus Integrator is 
described ( ]. Franklin Inst., 1949, 
247, 541 ).‘ 

The integrator, an electroni- 
cally controlled ball and disc 
mechanism, integrates the three 
components of colour. First the 
light, which is energy radiating 
from the sun or the lamp, secondly 
the dyed or coloured object under 
observation which reflects varying 
percentages of light of different 
wavelengths, and finally the eye 
itself. Internationally accepted 
data on light and the eye are 
available and reflectance of the 
object is measured by a spectro- 
photometer. The mathematical 
combination of these factors, 
hitherto involving multiplication 
at scores of wavelengths and 
addition of the products, is 
achieved in 2-5 min. 

Improved Plough 

The RECENTLY invented double 
plough consisting of double bot- 
toms of two standard desi ploughs 
( suitably coupled by means of an 
iron framework and pulled by a 
single central beam ) has been 
further modified by the Indian 
Agricultural Research Institute. 
The new plough can tackle with 
ease the most difficult fields 
infested with weeds or left with 
stubbles of previous crops. 
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Ciba Science Centre 

Ciba Ltd., of Basle, Switzer- 
land, have established a unique 
institution in London, the Ciba 
Foundation for the Promotion of 
International Co-operation in Me- 
dical and Chemical Research. The 
Foundation will hold informal con- 
ferences from time to time to 
which scientists will be invited, 
and lecturers from abroad will be 
asked to address. Besides, grants 
will be made to younger men of 
outstanding merit and enable 
them to study methods of re- 
search. The trustees will provide 
accommodation for other scientific 
bodies and universities in the 
buildings, for purposes within the 
objects of the Foundation ( Chem. 
Age, 1949, 60, 915 ). 

Indian Standard for 

Plywood Tea-chests 

Indian Standard Specification 
for Plywood Tea-chests lays 
down the definitions used in the 
plywood industry and trade, 
standard specifications for ply- 
wood and dimensional standards 
for tea-chests and components, 
and test methods for plywood for 
tea-chests. 

Of the seven appendices includ- 
ed in this standard, the first one 
catalogues the various timbers 
that are to be used for plywood 
and the treatment to be given to 
them in the manufacture of ply- 
wood for tea-chests. The rest of 
the appendices detail the various 
methods of test connected with 
this standard and the form of 
report of results of tests, A use- 
ful table, laying down the dimen- 
sions of component parts for tea- 
chests of various sizes, is included. 

The publication is priced at 
Rs. 1/12. Copies can be had from 
the Secretary ( Administration ), 
Indian Standards Institution, Old 
Secretariat, Delhi 2. 

Wool Grading 

Standards for grading of 
Indian wool have been drawn up 
by the Textile Division Council of 
the Indian Standards Institution, 
The step will enable the Indian 
wool-exporting industry to solve 
problems arising from the vari- 


ability and the uncontrolled qua- 
lity of wool that is being sent out. 
The standard apply to wool pro- 
duced in India and specify grades 
according to colour and quality. 
Specifications for packing mate- 
rials are also included. 

The publication is priced at As. 8 
and can be had from the Secre- 
tary ( Administration ), Indian 
Standards Institution, Old Secre- 
tariat, Delhi 2. 

Announcements 

Australian Fellowships for Indian 
Students — Australia has offered 
5 scholarships for the year 1950 to 
Indian students for higher training 
in industry and technology and 
postgraduate studies in Australia. 

UNESCO Fellowships — India has 
received during 1947-48, 18 fellow- 
ships — 15 awarded by U.N. and 
3 by UNESCO — for studies in 
social welfare, health work, and 
physical and biological sciences. 

An International Institute for 
Research in Sound has been estab- 
lished in Paris to co-ordinate 
world research in acoustics. For 
the time being, the Institute will 
concentrate on problems such as 
design of concert halls, distribu- 
tion of orchestral instruments and 
fight against noise in large cities. 

REPORTS FROM 
STATES & PROVINCES 

( Continued from page 425 ) 

heavy rains would preclude com- 
posting operations ) is expected to 
benefit an area of 10,000 acres 
each year. 

Thermal Station at Kurnool 

A SCHEME FOR THE INSTALLATION 
of a central thermal station at 
Kurnool at a cost of Rs. 145-27 
lakhs has been sanctioned. The 
station will have two 5,000 kW. 
generating sets with sub-stations 
at Dhane, Gooty, Pamidi and 
Anantapur and will cater to power 
requirements of important indus- 
tries being planned in and around 
Kurnool and also provide scope 
for large-scale rural development. 


NEW DELHI 
Wheat Rust Control 

A COMPREHENSIVE SCHEME FOR 
research on an all-India basis 
aiming at evolving a type of 
wheat which is simultaneously 
resistant to all the various kinds 
of rust — keeping in view the 
botanical, mycological and agro- 
nomical aspects of the problem — 
has been sanctioned by the Cen- 
tral Ministry of Agriculture. A 
sum of Rs. 8,58,000 has been 
sanctioned for the purpose for the 
first 5 years. 

So far, research has been con- 
centrated mostly in finding out 
the physiology and etiology of 
the 3 kinds of rust — black, 
brown and yellow. The Wheat 
Rust Control Committee, appoint- 
ed in 1947, recommended trial, as 
a short-term scheme, of the theory 
that while infection is killed in the 
plains by intense summer heat, 
it is carried from season to season 
by the summer sowings of wheat 
and barley mainly in the Nilgiris 
and Palaney Hills. On this basis, 
it is held that if sowings of wheat 
and barley in summer are com- 
pletely stopped in Peninsular 
India, the source of infection will 
disappear and the menace of rust 
will be mitigated if not completely 
eradicated. This theory is being 
given a trial in consultation with 
provincial and state governments 
concerned. 

Seed-mixture trial is the second 
short-term scheme recommended 
by the Committee and aims at 
mixture of those varieties of seeds 
which are claimed to be tolerably 
resistant to the 3 kinds of rust 
individually. This scheme is now 
a part of the Grow More P^ood 
Campaign. 

Under the long-term scheme 
now sanctioned, research would be 
conducted on the following lines : 
(a) finding out physiological races 
of the 3 kinds of rust and main- 
taining their live culture ; (b) 

breeding of wheat varieties resis- 
tant to all the 3 types of rust ; and 
(c) ascertaining whether the effects 
of rusts can be minimized by 
changing cultural and manurial 
practices, e.g. cropping, spacing 
and so forth. 



Reports from 
States & Provinces 


MYSORE 

Plans for Development of 

Technical Education 

A CONFERENCE PRESIDED OVER BY 

the Dewan of Mysore and attend- 
ed by the heads of technical ins- 
titutions and other state author- 
ities was recently held in Banga- 
lore to discuss ways and means of 
developing technical education in 
the State. 

The conference first considered 
the question of co-ordinating all 
technical education in the State 
and steps to l)e taken for avoiding 
duplication of instruction in vari- 
ous institutions. The conference 
emphasized the need for practical 
training in the various courses of 
study and the need for further 
applied training for students in 
industrial establishments before 
the diploma is given. 

The conference recommended 
the establishment of an advisory 
body, the Board of Technical Edu- 
cation, with the following func- 
tions : 

(i) To review from time to time 
the courses of studies and practical 
instructions given in various tech- 
nical institutes ; 

(ii) to suggest alterations or 
modifications in such instruction ; 

(iii) to propiose courses of study 
and instructions in the new tech- 
nical institutes that may be estab- 
lished ; 

(iv) to advise on the opening of 
new technical institutes at any 
centre in the State ; and 

(v) generally to advise on all 
matters connected with technical 
education through such institutes. 

The appointment of a Director 
of Technical Education to super- 
vise the working of the various 
institutes and to advise the Board 
and the Government on the co- 
ordination of the activities of 
these institutes was recommended 
by the conference. 

The need for establishing a 
school of arts and crafts for im- 
parting instruction in fine arts 
was confirmed by the conference. 
It was suggested that the 
Chamarajendra Technical Insti- 
tute at Mysore may form the 
nucleus of such an institute. 


The conference also recommen- 
ded that when all the technical 
institutes are functioning, a Cen- 
tral Technical Examination Board 
may be formed. 


RAJASTHAN UNION 

Tapping Sub-soil Water 

Possibility of finding sub-soil 
water in Samdari, a small town in 
Marwar, 50 miles west of Jodhpur, 
is being explored by irrigation 
engineers of the Government of 
India. 

Samdari, situated at the apex of 
the Luni river is in its depression 
area. From investigations already 
carried out, the sponsors of the 
sclieme hope that in a 40-mile 
stretch of land, beginning from 
Samdari to Tilwara, fresh water 
exists which, at a conservative 
estimate, would be able to irrigate 
immediately at least 8,000 acres 
of land besides providing sweet 
water to thousands of people in 
this area. 

Explorations made at a spot 3 
miles from Samdari railway sta- 
tion resulted in a find of water 
( 6 ft. from the surface ) whose 
level was unaffected even after 
pumping out for several hours at 
40,000 gal. per hr. indicating 
thereby that the rate of infiltra- 
tion from the sub-soil was eejui- 
valent to the rate of pumping. 

Samples of water from this area 
have been found .sweet. 20 miles 
down-stream from Samdari, water 
becomes .slightly brackish although 
it is considered good enough for 
cultivation. Besides the saline 
content of water is considerably 
reduced during and after the rains 
as rain water dilutes the salts, 
making cultivation of rabi crops 
possible. 

On the question of water supply 
depends the development of this 
fertile area for agricultural pur- 
poses. Water will also make 
afforestation possible so that 
passing monsoon from the Arabian 
Sea is attracted, thus increasing 
the annual rainfall. The inve.sti- 
gations now proceeding are, there- 
fore, of vital importance to 
Marwar. 


BOMBAY 
Potato Cultivation 

To AUGMENT THE PRODUCTION OF 
potatoes in the province, the 
Ciovernment is supplying cultiva- 
tors 131,000 bags of seed potatoes, 
5,000 tons of powdered groundnut 
oil cake and 87,000 bags of special 
manure mixture during the rabi 
season and 35,000 bags of seed 
potatoes and 4,300 tons of pow- 
dered groundnut oil cake during 
the 1950 kharif sv/iX^on, 

A committee of 8 non-official 
representatives will arrrnge pro- 
curement and despatcl of seed 
potatoes from Simla Hills during 
the season. 

EAST PUNJAK 

Improved Types of 

Wheat & Barley 

The East Punjab Agriculture 
Department has evolved 2 im- 
proved types of wheat and 1 of 
barley which are fairly resistant 
to rust and are high yielders. One 
variety of wheat. No. 3970, yields 
1*8 md. to 2-2 md. more than the 
standard varieties. No. C.591 and 
C.250. This variety is also fairly 
resistant to all the 3 types of rust. 
The other high-yielding type 
yields 28-4 md. of grain per acre 
as compared with 23 T 5 md. by 
C.591. 

The new variety of barley 
evolved possesses bright and 
plump grain and gives higher 
yields than the common barley 
varieties, T. 4 and T. 5. This variety, 
which is resistant to loose-must 
disease, is of a good malting qua- 
lity. Its yield per acre in irrigat- 
ed areas is 41-3 md. as against 
38-6 md. of the T.4 variety. 

MADRAS 

Compost Scheme 

A 2-year scheme for produc- 
tion of 88,000 tons of compost in 
rural areas of Madras at a cost of 
Rs. 99.000 has been announced by 
the Director of Agriculture. 

The peasants themselves will 
excacate the pits required and a 
subsidy of Re. 1 per ton would be 
paid to them. The ripe compost 
will be made available to the 
peasant on his own land at a 
uniform rate of Rs. 2 per ton. 
Plans for efficient transport of 
compost are also being drawn up. 

The scheme which is to be 
worked in all the districts except 
South Kanara and Nilgiris ( where 

( Continued on page 424 ) 



INDIAN PATENTS 

The following is a list of a lew^ of the Patent Applications 
accepted in the Gazette of India, Part II, Section 1, for 
August 1949. Patents from the Council of Scientific & Indiistnal 
Research are indicated by an asterisk*. 


Organic Ohemlcals 

*39426. Dey, Maller, Pai & Udupa : An im- 
proved method for the* production of 2 : 4-dia- 
minophenol : Reduciiok of m-nitraniline in 
sulphuric acid at a copper cathode in the presence 
of copper sulphate. 

*39427. Dey, Maller & Pai : An improved 

method for the production of 2 : 4-diamino- 
phenol : Electrolysing 2 : A-dinitrophenol in 30 
per cent sulphuric acid at copper cathode. 

*39428. Dey, Maller & Pai : An improved 

method for the production of 4-amino meta- 
cresol : Electrolytic reduction of ortho-nitro- 
toluene in dilute sulphuric acid in presence of 
amalgamated monel cathode and catalyst. 

*39429. Dey, Maller & Pai : An improved 

method for the production of 4-amino-ortho- 
cresol : Electrolytic reduction of meta-nitro- 
tolune in dilute sulphuric acid in the presence of 
amalgamated monel cathode and catalyst. 

*39441. Damodaran, Rangachari & Rama- 
krishnan : An enzymic method for the pro- 
duction of clacium gluconate : Biologically 
oxidizing glucose in the presence of calcium 
carbonate by means of glucose oxidaze obtained 
from Aspergillus niger. 

*39442. Damodaran & Subramanyan : An im- 
proved method for the manufacture of sorbose 
from sorbitol : Bacterially oxidizing sorbitol 
with acetic bacteria in which the medium con- 
tains extract of bran or of germinated seeds. 

*40261. Dey, Maller & Pai : Production of 
6. 6'dichloro-3 'diethoxy-benzidine ( Dichloro- 

o-diphenetidine ) : Electrolytically reducing 2- 
nitroA-chloro phenetole in aqueous caustic soda 
removing the hydrazo compound formed by a 
solvent and treating the hydrazo compound with 
an acid. 

Instruments ( Professional, Scientlflc Sc Controlling ) 

40169. Thapar & Co. Ltd. ; Mechanism for 
manufacture of sheets, block or like built up 
mica products : Sprinkling upon conveyor belt 
thin-rifted mica flakes, supplying adhesive 
solution to conveyor, when the product of desired 
thickness is made, it is cut into lengths. 

40355. Kshirsagar : Improved M<ff-making 
machine : Comprises a leaf feeder, a carrier 
guided by a lever, a set of rollers fitted to a toothed 
wheel. 

Metal Sc Metal Products 

40803. Standard Oil Dev. Co. : Method of treat- 
ing iron ores : Ore in subdivided form is brought 
to a high temperature and melted in dilute sus- 
pension in hot gases. 


Paper Sc Allied Products 

39172. Isoleringsaktiebolaget WMB ; Method 
and apparatus for the manufacture of impreg- 
nated paper of heat-insulation of multi-layer 
type : The paper sheets are dipped in asphalt or 
bitumen dissolved in a volatile solvent, which 
is expelled by a current of hot air. 

Printing, Publishing Sc Allied Industries 

*40257. S. SiDDiQUi, J. S. Aggarwal & Mathur : 
Improvements in or relating to manufacture of 
inks for stamping, printing, stencilling or like 
purposes : Resinol or its derivatives, used as 
sterilizer. 

Rubber Sc Rubber Products 

41453. Dunlop Rubber Ltd. : Apparatus for the 
vulcanization of rubber articles in transitu : 
A chamber connected to two inlet and outlet 
tubular passages, maintained at a constant 
vulcanizing temperature through which articles 
pass over an endless conveyor. 

39472. I.C.I. Ltd. : Rubber Antioxidants : Com- 
prising a mixture of bis-(2~hydroxy 3 : S-dimethyl- 
phenyt ) alky methanes and corresponding bis- 
( ^-hydroxy -2 : S-dimethyl-phenyl ) alky methanes. 

*39443. Uma Shankar : Creaming of rubber 
latex ; Hot aqueous extract of tamarind seed 
powder is mixed with latex and allowed to stand 
until rubber creams up. 

Textile Sc Textile Products 

41071. The Bradford Dyers' Assoc. Ltd. : 
Process for reducing the feltability of wool ; 
Progressive passing of the material through a 
chamber, continuously feeding halogen gas into 
the chamber and continuously withdrawing water 
vapour therefrom. 

Miscellaneous 

40816. Carter : Separation and extraction of 
stalk from dry tea ; comprises a pair of parallel 
co-operating toothed rollers with means for 
rotating the rollers in opposite directions at 
different speeds. 

40817. Carter : Separation and extraction of 
stalks from vegetable tissue such as dry tea : 
Comprises ajabular casing with a roller having 
one or more helical V-shaped peripheral grooves 
rotating with clearance within the casing. 

40671. Roy : An improved process for manu- 
facture of pencils : Casing for the lead rod 
prepared out of a pliable mass composed of 
saw-dust or the like made into a dough-like mass 
by mixing with a binding agent and fed into 
moulds. 



Science & Practice of Food Production 


M uch has been written on India's 
food problem and the necessity 
and the urgency for attaining self- 
sufficiency. The problem has been 
before the people in all its poignancy since the 
fateful Bengal Famine of 1943. Commissions 
and committees have examined the many 
aspects of the problem and recommendations 
have been made. Fertilizer factories and 
irrigation projects have been planned and are 
being speedily executed. The partition of 
the country has emphasized the need for 
more intensive effort to step up food pro- 
duction. The crippling effect of importing 
large quantities of foods on India’s national 
economy has been repeatedly emphasized, 
and the decision of Government to stop 
imports from 1951, and the more recent 
suggestion following the devaluation of the 
rupee, to stop imports even from 1950, has 
accelerated Government and private effort 
to raise production and attain the target of 
self-sufficiency at the earliest possible date. 

Farming and food production are of vital 
importance ranking with the supply of 
drinking water and fresh air as an essential 
for the well-being and efficiency of the nation. 
The problem of food production concerns 
all, — the primary producer, the factory 
worker and the scientist included. In this 
drive for more and better food, what is the 
part that science and the scientist have to 
play ? Dispassionate inquiry leads to the 
conclusion that our resources are adequate to 
provide sustenance to all, if and only if, the 
knowledge revealed by scientific research and 
inquiry is adequately utilized for their 
planned development. 

Science alone cannot bring about increased 
food supplies, but it can, and must, play a 
prominent r61e in the achievement of the 
result. The scientist has the responsibility — 
nay, the obligation, to develop methods 
and techniques necessary for the attainment 
of the objective, viz. production of food of 


the quality and in the quantity rec lired to 
meet the needs of a continuously growing 
population on a sustained basis and at a 
price level which can be reached by all. The 
methods and techniques should be suzh that 
they can be adopted and applied effectively 
within the existing social and economic 
structure of the primary producer. 

This obligation appears to be a formidable 
one, but the knowledge which inspires the 
scientist and the faith that sustains him in 
his endeavours, encourages him to undertake 
it with confidence. Recent achievements in 
the United States of America and elsewhere 
provide the assurance that similar results are 
attainable in India by harnessing science to 
farm production. 

In any objective examination of the agri- 
cultural situation, one thing stands out — 
agricultural practice lags far behind 
agricultural science. The most urgent and 
compelling problem before the scientist is to 
shorten this lag, to bridge the gap between 
science and practice, knowledge and applica- 
tion. In an earlier number of the Journal we 
drew attention to the following excerpt from 
the address by Prof. N. V. Joshi to the Indian 
Science Congress ( 1946 ) : 

“ While the crop yields from improved 
seeds and milk yields of improved cattle 
breeds on experimental farms are high, the 
general level of agricultural and milk yields 
does not appear to have increased. In 
what way, then, have we benefited the agri- 
culturist or the agricultural business during 
all this period of fifty years, from 1890-1940, 
a period during which research workers in 
agricultural sciences have accomplished 
remarkable results which are held by scien- 
tists to be of great practical utility ? Since 
we have not benefited the cultivators, it 
may be concluded that somehow we have 
failed to convey the information about the 
results of agricultural research and im- 
provements to the proper quarters or to 
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get them into common practice by the 
cultivators/'* 

Here is the crux of the problem, — to devise 
the means to overcome our past failure to 
convey to the primary producer the methods 
and techniques of agricultural science in a 
manner that he can adopt on the field within 
the means available to him. To say that the 
farmer is conservative, that he is illiterate 
and ignorant, is to evade the issue. The fact 
that he has enthusiastically adopted practices 
which have produced itiore and better sugar- 
cane gives the lie to the charge. The failure 
of scientists to transform the results of soil 
and crop science to workable farm schedules 
must be accepted, and the experimental 
station, which is the scientist's answer for 
proving and demonstrating the results of 
research, has obviously proved ineffective. 

Discussing the causes that have led to the 
lag in the use on farms of the best practices 
of soil and crop management. Dr. McCall of 
the Bureau of Plant Industry, U.S. Dept, of 
Agriculture, states : 

" When a new product or process is 
developed in commercial industry, it is 
axiomatic that an oftentimes extended and 
expensive period of pilot plant study is 
necessary before the final economically 
workable process or equipment is developed 
from original principles and procedures. 
This is true no matter how sound and 
workable the new development may be. 

In the field of agriculture the research 
scientist has thrown the entire responsibi- 
lity and expense for the pilot plant stage 
upon the individual farmer. The farmer 
is given only the original patent, as it were, 
and he must adjust the new principles to 
his own farm and operations. It is true 
that he may see a preliminary working 
model which demonstrates the principles on 
exj)eriment station plots, but this may have 
little relation to his present farm plan and 
economic set up. It is up to him to work 
out the new operation schedules and how 
he will convert to them. This may require 
a more or less complete revision of his farm 
set up. It may mean a change in consti- 
tuent enterprises in the farm plan and the 
necessity for him to learn all the basic 
requirements of the new enterprises with 
an attendant probability of loss during 
the learning period. ... A farmer faced 
with such a situation is naturally conserva- 
tive about change except as it fits rather 

♦ /. Set. Indi^Res., 1946, 4 , 451. 


easily into his present set up. In most 
cases he cannot be otherwise."* 

The old demonstration farm idea has failed to 
bring forth the desired results even in a pro- 
gressive country like the United States. 
Certain modifications of the idea, however, 
have been tried and offer possibilities for 
implementing research. Dr. McCall mentions 
the following : 

Test Demonstration Farms of the Ten- 
nessee Valley Authority — A farmer in 
each community chosen by his neighbours 
enters into an agreement to carry out 
certain cropping and fertilizer practices, 
keeping records which are available to the 
co-operatirtg State College and Agricultural 
Experiment Statibh> the T.V.A., and his 
neighbours, and permitting his farm to 
serve as a local demonstration. 

State Pilot Farms bn ^hich soil manage- 
ment systems indicated by soil research as 
probably feasible, could be evaluated in 
economic terms on different soil types and 
for type of farming factors. As a next step 
in this plan, community farms similar to 
the Test Demonstration Farms of the 
T.V.A. plan would carry the proven find- 
ings of the Pilot Farms direct to individual 
communities. 

Individual Farm Advisory Service which 
would provide in a countj^ or district for 
well-trained technicians to work with each 
farmer desiring the service in developing a 
well-rounded farm plan for his farm. Such 
a plan to be adequate should cover field 
layout and farm fences, crops ( including 
varieties ), crop rotations, land drainage, 
liming, fertilizers, tillage schedules for 
preparing soil in cropping and for weed 
control and water conservation, erosion 
control practices, manure conservation and 
use, timing of all operations, choice and 
effective use of equipment, numbers and 
kinds of livestock, animal breeding, feeding 
and health, preparing and storing feed and 
other crop materials, housing livestock, 
facilities for farm processing, crop insect 
and disease control, and any other perti- 
nent factor. 

No one plan, however well conceived, meets 
all situations. Likewise, no plan however 
effective in one country proves equally effect- 
ive when transplanted into another country. 
It is necessary first to analyse the current 
practices and examine in what respects they 

* Freedom from Want, a $iymposium, edited by 
E. E. DeTurk, Chronica Botanica, 1948, 11, 276. 
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have proved defective as instruments of edu- 
cation and research development. It is also 
necessary to accept the truth in the farmers* 
complaint that research workers, generally, 
are out of touch with farming needs and con- 
ditions, that the results of research lie pub- 
lished in learned periodicals and bulky tomes 
and are described in a jargon unintelligible 
to him, that such publications deal with 
fragments of the problem and offer no overall 
solution to his difficulties in practical farming. 
It should then be possible to work out a plan 
which would prove operative. In the selec- 
tion of problems for investigation, or for 
demonstration on experimental farms, the 
farmer has so far stood apart from the investi- 
gator. It is not always realized that interest 
which the farmer takes in the development 
plan is the desideratum for the practical utili- 
zation of research. From prima facie consi- 
derations, a practical approach appears to be 
one in which the farmer is one of the investi- 
gating team, and the farm the experiment 
station. Research problems should flow from 
the field to the laboratory and not vice versa. 

The raising of abundant crops — either by 
intensive farming, or by the use of improved 
seeds, or by any other means — involves the 
taking away from the soil of large quantities 


of nutrients which have to be put back into 
the soil by a proper system of manuring. 
This and other aspects of farm management 
for securing food, and the utilization of our 
basic capital, namely the soil, so that its 
productivity is sustained to perf)etuity, 
assumes a certain level of education which the 
practical farmer should find no difficulty in 
acquiring if his interest, importance and 
responsibility as the producer of the nation's 
vital requirement is adequately recognized. 
The schemes of craft -centred basic and adult . 
education, which are now being rapidly 
implemented on a nationwide basF would 
be of immense assistance in educating the 
farmer to adapt himself to the new and the 
better farming practices. 

Sufficient knowledge has accumulated for 
producing more and better food ; what is 
necessary now is to apply it effectively and 
produce results. In the words of the Hon'ble 
Minister for Food and Agriculture, if the thou- 
sands of public servants manning the agricul- 
tural services of our provinces and states func- 
tion as true guides, philosophers and friends 
of those who produce the nation's food, the 
task of making India self-sufficient with res- 
pect to the food needs of her rapidly growing 
population can be satisfactorily accomplished. 


United Nations Scientific Conference 
on the Conservation & Utilization 
of Resources (UNSCCUR) 


L ake Success, the venue of discussions 
on international problems, attracted 
the attention of the scientific world 
when, on August 17 this year, for the 
first time in history, 640 scientists, engineers, 
economists and other experts from 50 
countries assembled for a 3 -week Con- 
ference on the Conservation and Utilization 
of Natural Resources. 

The story of the Conference dates back to 
the early years of the present century, when 
the then U.S. President, Theodore Roose- 
velt, called to conference the Governors of 
48 States of America to consider the problems 
relating to the preservation, protection and 


wise use of natural resources of the nation. 
Several efforts have since been made to 
convene a world conference of scientists to 
discuss ways and means of solving problems 
facing the p)eoples of our “ plundered planet ", 
where resources have been especially drained 
through wars among nations. Early last year 
the President of United States put up a 
suggestion to the U.N. Economic and Social 
Council to call a United Nations Scientific 
Conference on Resource Conservation and 
Utilization. Accepting the suggestion, the 
Economic and Social Council requested the 
U.N. Secretary-General on Feb. 11, 1948, to 
proceed with the plan of the Conference, 



430 


JOURNAL OR SCIENTIFIC Sc INDUSTRIAL RESEARCH [ Vol. VIII, No. 11 


“ keeping in mind that the task of the 
Conference is to be limited to an exchange of 
experience in the technique of conservation 
and utilization of resources 

During the Conference, 18 plenary meet- 
ings and 54 sectional meetings were held. 
Over 500 technical papers, based on practical 
experience in the planned use of resources, 
covering a wide range of fields, — from 
agriculture to wild-life protection — were 
presented and discussed. 

The following brief resume of the more 
important papers presented and discussions 
held under each section has a special refer- 
ence to the contribution made by the Indian 
delegation to the Conference : 

Dr. S. S. Bhatnagar, leader of the Indian 
delegation, who presided over the first 
meeting of the session, pointed out that '' the 
convening of the Conference was perhaps 
the greatest work the U.N.O. had done from 
the scientific point of view Mr. H. L. 
Keenleyside, the Canadian Deputy Minister of 
Mities and Resources, advocated vigorous 
scientific research on a worldwide basis to 
tackle problems arising from the possibility 
of critical mineral shortages in the world in 
the not too distant future. 

The problems facing food production 
received serious attention. It was pointed 
out by Sir Herbert Broadley, Deputy 
Director-General, F.A.O., that to meet the 
food requirements of the world population 
in 1960, milk production should be increased 
by 100 per cent, fruits and vegetables by 
163 per cent, meat by 46 per cent, and fats 
by 34 per cent. He called upon the nations 
of the world to establish a World Food Fund 
to provide resources for accurately measur- 
ing the possibilities, organizing the necessary 
research, planning the strategy of inter- 
national food campaign and training those 
upon whom will fall the responsibility of 
directing the technical operations of the 
campaign ”. He further emphasized that 
the thin layer of top-soil enveloping our 
planet, which he likened to a tissue paper, 

on which depends the fertility of the land 
and which took from 300 to 1000 years to 
form should be carefully preserved and 
husbanded. 

In the subsequent plenary meetings, the 
delegates examined the application of con- 
servation techniques to mineral, water and 
wild-life resources ; fuel and energy ; food 
and forest products and other resources, 
with special reference to techniques appli- 
cable to under-developed countries of the 


world. The sectional meetings devoted parti- 
cular attention to techniques which would 
ensure sustained production and enhance 
supplies by bringing into use resources 
which were hitherto economically unusable. 

Soil & Forest Resources — Mr. Hugh 
H. Bennett, Chief of U.S. Conservation 
Service, pointed out that the productive 
capacity of good land, which was limited 
to 4,000,000,000 acres, was being reduced 
by abusive use in many countries. He 
emphasized the urgency of classifying land 
according to its best use. 

Dr. J. N. Mukherji, Director, Indian Agri- 
cultural Research Institute, New Delhi, 
speaking on soil productivity in tropical 
climates, stated that a rotation crop system 
suited to the individual soil type was no less 
important than the use of fertilizers. In the 
absence of adequate supplies of inorganic 
fertilizers, green manures are specially im- 
portant for ensuring soil productivity. 

Reclamation and effective use of new 
agricultural lands present several problems 
for solution. Dr. R. Sethi, Agricultural 
Development Commissioner to the Govern- 
ment of India, emphasized that attention to 
malaria control is essential for the develop- 
ment of new lands. He stressed also the 
need for securing suitable machinery for the 
reclamation of land in India. 

The provision of improved tools and im- 
plements for small-scale farming would prove 
effective in augmenting food supplies. A 
paper by Mr. Mason Vaugh, presented before 
the Conference, described a soil-inverting 
plough and a small cultivator with suitable 
attachments for both, which would meet 
practically all the needs of the small farmer. 

The part played by forests in the protec- 
tion of resources was discussed at one of the 
sessions of the Conference. Mr. C. R. Ranga- 
nathan of the Indian Forest Service pointed 
out that more attention should be paid to 
hydrological and protective aspects of forests 
than hitherto and expressed the view that 
State ownership was essential for securing 
the best results. 

Preservation and chemical utilization of 
wood resources formed the subject of a 
paper by Mr. J. F. Harkam of the Depart- 
ment of Mines and Resources of Canada. 
Preservative treatment increased the life of 
timber in service 3 to 4 times, reduced drain 
on forests, increased the utility of wood, and 
opened up a market for timber products 
derived from species of low natural dura- 
bility. 
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Fisheries — The delegates exchanged views 
on pond culture, i.e. the systematic raising 
of fish farms, which can, under favourable 
conditions, be an important source of food 
and a lucrative industry. 

Dr. S. L. Hora, Director of the Zoological 
Survey of India, presented a general review 
of the problem. Describing the multiple 
uses of natural ponds, Dr. Hora stated that 
in Philippines alone there were 600,000 
hectares of undeveloped fresh and salt 
water swamps capable of producing 200 
million fish annually. He estimated that 
even if only 10 per cent of the money, mate- 
rial and men now employed in considering 
the ways and means of developing marine 
fisheries in the tropics were diverted to im- 
prove ponds for fish culture, the result would 
go a long way in solving the food problem 
of* the world. 

In this connection, Dr. Hora drew atten- 
tion to the cultivation of fish in rice-fields as 
practised in Japan, which has benefited 
paddy crops by as much as 10 per cent. 
By proper embankments, vast low-lying 
areas in the vicinity of sea coasts could be 
made productive. Besides their use for 
raising fish crops, the areas could be con- 
verted into salt ponds which, when silted 
up, would become fresh-water ponds and 
finally rice-fields. 

Coming to the conservation of marine 
resources. Dr. H. Srinivasa Rao of the 
Central Marine Fisheries Research Station, 
Madras, pointed out that the integration of 
hydrological, biological and related studies is a 
feature of the fisheries research programme in 
India. Exploitation, rather than conserva- 
tion, is the immediate problem of India's 
marine fisheries. Nevertheless, the Govern- 
ment is taking a long-range view of the 
problem and taking steps to obtain scientific 
data necessary for development programmes 
which would lead to sustained yields from 
this resource. 

Minerals & Metals — Geologists were 
unanimous in the opinion that the world's 
store of metals would continue to contri- 
bute to better living conditions only if the 
“ shocking " waste caused by war was done 
away with, and if national and political 
boundaries, which stand in the way of inter- 
national co-operation, were removed. 

In a paper entitled Metals in Relation 
to Living Standards Dr. D. N. Wadia revealed 
that more basic metals have been used up 
since 1914 than during the whole of human 
history. 


During a discussion on metal reserves of 
the United States, it was estimated that 
the commercial reserves of iron in the United 
States would be consumed within 75 years 
and of other important minerals and metals 
possibly in 1 to 19 years. 

The undiscovered reserves of petroleum 
have been estimated to be 150,000 million 
barrels, i.e. about 500 times the current 
annual consumption, but this estimate has 
been considered to be too high. Mr. 
Aguilar, the Mexican oil expert, urged the 
need for setting up of an international 
committee under the United Nations or 
any other agency to undertake a world survey 
of oil reserves. 

The topics discussed at the sectional meet- 
ings on Fuels and Energy included the use of 
giant turbines for harnessing wind power to 
generate electricity ; methods of overcoming 
critical shortages of coal ; and techniques 
used in the United States, France and Eng- 
land to stretch their coking coal reserves. 

Problems connected with the development 
of river basins ; importance of forests and 
plant cover in controlling floods ; river navi- 
gation as a means of transport in under- 
developed countries ; and irrigation and 
drainage in relation to food production were 
among the other problems that engaged the 
attention of the delegates in the various 
sections of the Conference. 

The example of the Tennessee Valley 
Authority in the development of a river basin 
formed the subject-matter of a pamphlet 
presented at the Conference. 

Neisj Resources — The possibilities of tap- 
ping new resources to meet the needs of 
industry were examined in some detail 
during the Conference. Dr. Neville Wood- 
ward, Director of the Scottish Seaweed Re- 
search Institute, drew attention to the fast- 
developing fields of Chemnrgy which deals 
with the utilization of agricultural products 
and wastes as raw materials for secondary 
industries. Recent developments in sea- 
weed utilization were described. 

Appraising Resources — Resource ap- 
praisal requires the application of systematic 
inventory procedures for which survey- 
ors had to collaborate more closely with 
official agencies responsible for development 
projects. Dr. P. C. Mahalanobis of the Indian 
Statistical Institute, dealt with the appli- 
cation of statistics to resource appraisal and 
utilization. 

Resources Conservation in Under -developed 
Countries — Dr. Hernan Santa Cruz of Chile 
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led the discussion on the problem of tech- 
niques for conserving resources in the less 
developed countries. Measures adopted for 
conservation of resources in these regions 
were inadequate, and foreign capital has 
possibly accelerated the “ intensity of 
exploitation of resources. The world prices 
of commodities were fixed without consult- 
ing the producing countries with the result 
that the prices realized were not such as to 
raise the standard of living of the producers. 

Dr. S. S. Bhatnagar sounded a note of 
caution against transplantation, without 
precaution of techniques devised for, and 
specially suited to, a highly industrialized 
country to another where manpower was 
cheap and plentiful. He stressed that the 
less developed regions would be benefited if 
attention is paid to the following : 

(1) Training and acquisition of technical 
personnel. 

(2) Procurement of literature, equipment 
and machinery. 

(3) Means to make foreign and indigenous 
capital flow into less developed 
countries without the imposition of 
conditions which might be considered 
humiliating by nations requesting help. 


(4) Application of technical knowledge 
already in existence in order to im- 
prove the process techniques which 
are indigenous ; and 

(5) progressive measures in the legal and 
political fields, without which it was 
possible to “ stifle " any technical or 
scientific activity. 

Of special interest among other papers 
discussed at the Conference were those dealing 
with the production of food yeast and arti- 
ficial foodstuffs. Another paper described 
recent developments in air surveys and 
aerial photography which made it possible 
to carry out rapid surveys of forest resources. 

The success of the Conference, as Dr. 
Bhatnagar stated, will be determined by 
“ the rate at which the less developed 
regions ‘ catch up ' with the developed 
regions In the words of the Secretary- 
General, one of the most important results 
of the Conference had been '' to demonstrate 
to the peoples of the world that the United 
Nations Organization was concerned with 
building the economic and technological 
foundations of international peace by en- 
listing the collaboration of the scientific 
and technical world 


Characteristics of the Ionosphere 
over Calcutta ( August 1949 ) 

S. S. BARAL, R. K. MITRA, D. C. CHOUDHURY, 
(Mrs.) T. K. BHAR & A. P. MITRA 

Wireless Laboratory, University College of Science, Calcutta 


HE following are the ionospheric data 
observed at Calcutta for the month of 
August 1949. 

Rg. 1 represents the mean hourly 
values of the penetration frequencies of the 
E and Es regions and the penetration fre- 
quencies and virtual heights of region Fj. 
The figures are obtained from average values 
of the data taken for each hour of the day 
for 5 days a week. Fig. 2 gives the predic- 
tion of the maximum usable frequencies 
which can be used for different distances of 
transmission^ by reflection at the F region 


over Calcutta for the month of November 
1949. Table I gives the different occasions 
during routine observation when sporadic 
E ionization was observed and the values of 
the corresponding penetration frequencies 
and heights. 

Sporadic E ionization was found to occur 
frequently during early morning and also in 
the afternoon hours. Absorption of normal 
E echoes at mid-day was less than in the pre- 
vious month. The behaviour of region Fj 
was found to be normal in this month except 
for the last few days. 





MAX. USABlf rfi£OU£MCY IN Mc/sfC ONTICAL fRlQUeNCY IN Me vmuAL NSmt it 


November 1949] characteristics of the ionosphere over Calcutta 


433 









434 


JOURNAL OF SCIENTIFIC 


& INDUSTRIAL RESEARCH [ Vol. VIII, No. 11 



TABLE 

I — contd. 



Month & 

Date 

Hour 



YEAR 








Me. 

Km. 

August 1949 

20 

09.00 

6-70 

120 


22 

11.00 

10-40 

li>0 



20.00 

6-25 

135 



21.00 

5-00 

120 


23 

18.00 

3-40 

120 



28.00 

3-30 

90 


24 

00.00 

3-40 

90 



01.00 

3-60 

90 



02.00 

3-30 

90 



0.5.00 

3-80 

90 



06.00 

4-70 

105 


25 

17.00 

6-55 

120 



18.00 

3 40 

120 


table 

I — contd. 



Month & Date 

Hour 



YEAR 


Me. 

Km. 

August 1949 25 

]9.00 

20.00 

3- 50 

4- 25 

120 

120 


21.00 

4-50 

105 


23.00 

4-75 

105 

26 

00.00 

4-00 

105 

01.00 

3-20 

90 


20.00 

3-25 

105 


21.00 

3-20 

105 

29 

20.00 

4-00 

105 

22.(W) 

4-25 

105 

30 

07.00 

3-75 

120 

18.00 

4-80 

120 


23.00 

4-00 

90 


Design of All-India Community 
Radio Receivers for Villages 

H. JOGA RAO & K. SRINIVASAN 

Provincial Broadcasting Department, Government of Madras, 
Madras 


T he Provincial Broadcasting Depart- 
ment of the Government of Madras 
started installation and maintenance 
of community radio receivers in 
villages in 1938. About 100 sets were 
installed in 1938-39, as an experimental 
measure, after the installation of 5 kW. 
medium-wave transmitter at Tiruchi and 
10 kW. short-wave transmitter at Madras. 

Subsequently, Government of Madras sanc- 
tioned a scheme for installing 300 sets in 
the villages. The maintenance of these 
sets is the responsibility of the Provincial 
Broadcasting Department. The community 
sets installed in the province increased year 
by year and, by 1947, there were about 
700 sets installed. 

Early 1946, the Government of India 
announced a basic plan for providing a 
large number of additional transmitters 
throughout India. The Government of 
Madras had also contemplated installation 
of the community receivers on a large scale 
in various villages in the province to enable 
the villages to avail of these increased broad- 
casting facilities. Early in 1947, a compre- 
hensive scheme ijiras, therefore, drawn up 


by this Department for installing 8,000 sets 
in as many villages. 

Problems of Large-scale Installation of 

Community Radio Receivers 

The important aspects of rural broad- 
casting are : (i) keeping down the initial 
cost of installation of a community set ; 
(ii) lowering the recurring cost of main- 
tenance of the set ; (iii) policy as regards : 
(a) the replacement of the sets at the end 
of their useful life, (b) effecting a change 
from a battery-operated set to a mains- 
operated receiver whenever a village is 
electrified, at low cost ; and (iv) the minimum 
requirements of reception with respect to 
wavelengths and output which a community 
receiver should fulfil. 

(i) Initial Cost of Community Set — The 
Provincial Broadcasting Department has 
been purchasing, as and when necessary, 
various types of commercial, domestic, 
5 or 6 valves, battery or mains-operated 
radio receivers of American or British 
manufacture for installation in the villages. 
Prior to 1941, the cost of such a receiver 
was ranging between Rs. 150 to Rs. 250 and 
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from 1941 to 1944 from Rs. 300 to Rs. 350. 
In 1944 about 600 lease-lend receivers ( for 
which only out of pocket expenses " 
were paid ) were obtained by the Madras 
Government from the Government of India 
at cost varying from Rs. 88 to Rs. 142, and 
they were installed in various villages. 

Extra cost is incurred by the Department 
before the installation of the sets in the 
villages for carrying out certain modifications. 
They are mainly as follows : 

1. An insect-proof frame with a lock, for 
the back of the set, to protect it from insects 
and to avoid tampering of the internal 
mechanism. 

2. The community sets are designed to re- 
ceive programmes of either Madras or Tiru- 
chi stations depending upon the language 
spoken by the local people. The tuning 
of the sets, therefore, was adjusted to either 
of these stations, so that their operation is 
simplified. 

3. An additional cabinet or horn-type 
baffle for the loud speaker of the set, with an 
extension cable 15' in length, is provided, so 
that even though the set is installed in a 
room, the loud speaker can be brought out 
to the open to serve the listeners in the 
open. These modifications limit the working 
of the sets to the essential purposes of com- 
munity listening. 

(ii) Cost of Maintenance — • As the number 
of sets installed in the province rose from 
about 100 in 1940 to about 700 in 1947, the 
cost of maintenance per set per year assumed 
importance. Apart from the expenditure 
on common items like transport, establish- 
ment, etc., items .such as (1) cost of spares 
used for servicing ; (2) types and design of 
sets ( whether simple, or complicated, using 
exclusive types of components, etc. ) with 
respect to their simplicity for servicing and 
maintenance assumed greater importance. 
Table I gives the types installed and main- 
tained by this Department in 1948. 

The large variety of sets to be maintained 
compelled the Department to keep stock 
of a variety of spare parts, e.g. valves, band 
switches, condensers, etc., some of these 
being special to a given model of the receiver. 

Another important factor contributing to 
the cost of maintenance is the non-essential 
electrical and mechanical parts in the com- 
mercial types of sets, which are superfluous 
in a community set. The commercial sets 
have highly finished and costly cabinets, 
multi-band tuning and dial-drive mechanisms, 
band spread circuits, tuning ranges covering 


TABLE I — RADIO RECEIVER MODELS 

Battery models Mains models 







No. 

Manufacturers 

Model 

No. 

Manufacturers Model 

1 

R.C.A. 

8QB 

1 

R.C.A. 

802 

2 

R.C.A. 

QBl 

2 

R.C.A. 

«Q1 

3 

R.C.A. 

7gB 

3 

R.C.A. 

85T8 

4 

R.C.A. 

85 BT 

4 

R.C.A. 

9Q4 

5 

R.C.A. 

QB9 

5 

R.C.A. 

Qil 

0 

Philco 

38-624 

6 

Philco 

.38-620 

7 

Philco 

4()-748T 

7 

Philco 

37-2670 

8 

Philco 

39-744 

8 

Philco 

40-780T 

U 

G.E. 

TB-72 

9 

G.E. 

HE 74 

1(» 

G.E, 

GBE 63 

10 

G.E. 

40 HE 740 

11 

H.M.V. 

699 

11 

G.E. 

X 115 C.A. 

12 

Marconi 

822 

12 

Cossor 

EX 396 

13 

Andrea 

E6B 

13 

H.M.V. 

673 

14 

Pve 

V41RF 

14 

H.M.V. 

675 

15 

Lincoln Mains and 

15 

H.M.V. 

5211 



battery 

16 

Marconi 

829 

10 

Crystaltone 

7906 

17 

Roburn 


17 

Philips 

739 VN 

18 

Philips 

HN 4,36 

18 

Philips 

663 VN 

19 

G.E.C. 

BC 4172 




20 

WestinK house M116A 


wide frequency bands, and other gadgets like 
push-button tuning, etc., which, ev^en though 
not necessary for a community set, have to 
be maintained to keep the set as a whole in 
good condition. As the designs of commer- 
cial sets are complicated, and a large number 
of different types of sets had to be maintained, 
skilled technical staff became necessary, and 
the number of sets under the charge of any 
one person had to be restricted to about 20. 
The commercial sets are not designed for 
frequent transport over long distances by 
road or rail, whereas the sets installed in the 
interior villages have had to be moved from 
place to place and they frequently developed 
faults due to exposure or jolting. 

(hi) Cost of Replacements — Another im- 
portant aspect of rural broadcasting is that 
some of the sets installed in 1938 have 
completed nearly 10 years of service. Some 
of the sets had to be condemned as unfit for 
use for the following reasons : 

1. Important original components like 
tuning coils, band switches and other circuit 
components were no longer available for 
servicing the sots nor were standard compo- 
nents available in the market. 

2. With the progress of rural electrifica- 
tion, a certain number of battery sets will 
have to be replaced by mains-operated 
receivers every year. 

(iv) Basic Requirements of a Community 
Receiver — Taking into consideration the 
various aspects of rural broadcasting, it was 
considered imperative to evolve a standard 
type of community set, if installation and 
maintenance of community receivers in 
thousands of villages have to be successfully 
and economically carried out. The require- 
ments are : 



436 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 11 


1. The initial cost of installation should be 
low. 

2. The maintenance cost of the sets should 
be low. 

3. The set should have a long life. It 
should not be out-moded with time for want 
for any particular spare part. 

4. The cost of conversion from battery to 
mains-operation should be low. 

To meet these requirements, the design of 
a suitable receiver was taken up early in 
1947 in the Research Section of the Provin- 
cial Broadcasting Department. 

Standard Type of Community Radio Receivers 

A superheterodyne type was decided upon 
in preference to a straight receiver owing to 
the greater sensitivity, selectivity and stabi- 
lity of the former. The provision of reaction 
control for increasing the sensitivity of a 
straight receiver may result in instability in 
the set, thus causing disturbance through 
radiation. 

Stages in the Set — Keeping in view the 
economy and simplicity in construction, the 
following essential stages are provided with- 
out sacrificing the sensitivity and selectivity : 
(i) first detector and oscillator ; (ii) inter- 
mediate frequency amplifier ; (iii) second 
detector and audio voltage amplifier ; (iv) 
audio driver amplifier ; and (v) power output. 

Power pack is built as a separate unit. A 
complete circuit diagram and the values of 
components are given in Fig. 1 and Table II. 


The components used are standard types 
readily available in the market. 

Controls — The number of controls neces- 
sary to operate the various stages has been 
reduced to a minimum in order to simplify 
the handling of the set by a village operator. 
A heavy-duty main switch, separate from 
the volume control, is provided so that it may 
not be easily spoilt by frequent use and to 
handle the heavy current that flows through 
when the set is working off a 6-volt battery. 
The usual type of continuously variable 
volume control is provided. No tone control 
is required as the set is designed for balanced 
tone output which meets the requirements of 
community listening in public parks, etc. An 
air dielectric low-capacity ( 0-50 p.f. ) tuning 
condenser ( incorporated in the oscillator 
grid circuit ) is also provided. These con- 
trols, viz. main switch, volume control and 
tuning control are fitted to a panel in the 
front of the chassis for easy manipulation. 

Power Pack & A udio Power Output Rating — 
In view of the necessity for providing an easy 
change-over from battery to mains operation 
when required, the power pack is built 
separately and fitted to the chassis frame so 
that it can be taken out without disturbing 
the wiring or the layout of the main receiver 
circuits. The power pack is connected to 
the receiver circuit by means of a non- 
reversible plug and socket and a short length 
of screened multi-core cable. The socket in 
the receiver chassis is common and the plug 
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table II — components Sc THEIR VALUES 
Receiver Section 


R. 1 

35 k. ohms 

C. 1 

0 04 /ifF paper 

R. 2 

2 megohms 

C. 2 

150 p.f. mica 

R. 3 

20 k. ohms 

C. 3 

30 p.f. mica trimmer 

R. 4 

350 ohms 

C. 4 

30 p.f. air trimmer 

R. 5 

25 k. ohms 

C. 5 

150 p.f. mica 

R. 6 

5 k. ohms 

C. 6 

100 p.f. mica 

R. 7 

350 ohms 

C. 7 

0-01 ptF paper 

R. 8 

1 megohm 

C. 8 

0 01 ftF paper 

R. 9 

200 k. ohms 

C. 9 

0 05 |XF paper 

R.IO 

20 k. ohms 

C.IO 

0-02 {JtF paper 

R.ll 

500 k. ohms 

C.ll 

0 02 /xF paper 

R.12 

1 megohm volume 

C.12 

0-03 (JtF paper 


control 

C.13 

0 01 /iF paper 

R.13 

20 k. ohms 

C.14 

0 01 /xF paper 

R.14 

5 megohms 

C.15 

2.50 p.f. mica 

R.15 

50 k. ohms 

C.16 

0-01 (XF paper 

R.16 

100 k. ohms 

C.17 

0 04 /xF paper 

R.17 

200 k. ohms 

C.18 

8fi¥, 50 W.V. dry 

R.18 

2 k. ohms 


electrolytic 

R.19 

50 k. ohms 

C.IO 

0-01 fxF paper 

R.20 

100 k. ohms 

C.20 

8/xF, 50 W.V. dry 

R.21 

500 ohms 


electrolytic 



C.21 

0 01 /xF paper 



C.22 

8/xF, 50 W.V. dry 




electrolytic 



C.23 

0 01 (XF paper 


Battery Power Pack Section 

T. 1 Triller, Synchronous, 0-volt operation, 0-pin base 

C.24 0-2 fxF paper 

C.25 0 01 mica moulded 

C.26 0*05 p-F paper 

C.27 0-01 pF paper 

C.28 40 pF, 4ri0, W,V. dry electrolytic 

C.20 40 pF, 450, W.V. dry electrolytic 

R.22 2500 ohms 

R.28 200 ohms ■■«"* “"'P' 

RFC R.F. choke 20 in.H. current 

T. 2 Vibrator transformer 1 35 ratio | ^ ^ volts primary 

drawn 1 • 15 amp. 

A.G. Power Pack Section 

T. 3 Power transformer 230-0-230, 50 ma. 

R.24 10(K) ohms, 5 watts 

C.30 10 pF 450 W.V. dry electrolytic 

C.31 16 pF 450 W.V. dry electrolytic 

from either mains or battery power pack can 
be directly plugged into it. As the set has 
to be worked either off 220-volt main or a 
6-volt battery, the valves are so chosen that 
their heater currents as well as the H.T. 
current drain is low to keep down the battery 
current within limit. The working H.T. 
voltage in the set is stabilized at 160 volts for 
both mains and battery operation. At the 
same time, the maximum undistorted power 
output of the set, while working on battery, 
does not fall below 1*25 watts. The sen- 
sitivity of the set is also maintained in the 
order of 20 |jlv. for 500 m. watts output. 

Design of the Circuits 

First Detector Stage — As the set is mainly 
required for spot frequency reception, that 


is to tune to one station only at a time, it is 
provided only with a tuning arrangement 
to cover a range of about 100 kc./s. on either 
side of the chosen spot frequency. 

The aerial input is fed to the tuned grid 
circuit of the frequency changer valve 6D8. 
As already explained, this particular valve 
is selected for its low heater drain of 0T5 
amp. The tuned grid circuit is conventional 
rejector type circuit, the parallel capacity 
being in this case a mica trimmer condenser 
( 0-30 p.f. ) and with another low-loss fixed 
mica condenser ( about 150 p.f. ) in parallel. 
The aerial coil is of high impedance section 
wound type ( T25 mh ). The coil former is 
made of I'" outside diam., low-loss ebonite 
tube with wall provided with suitable 
brackets for fixing it to the chassis. The 
grid circuit is pre-tuned by means of the 
trimmer condenser for the required signal 
frequency. The Q factor of this air core 
coil is of the order of 100 ensuring fair stage 
gain and sufficient selectivity. 

The coil tried was at first of the plug-in 
type with pin connections at the base and 
there were 2 separate coils, one for medium 
and the other for short-wave bands. Later 
it was found that the plug-in coils develop 
high resistance contacts at the base pins and 
can be advantageously replaced by coils 
mounted on the chassis permanently and 
connections made through a simple band 
switch. 

Oscillator Circuit — The oscillator is of the 
conventional type with tuned grid circuit 
and a feed-back coil in the anode. This is 
an air core coil, wound on a I'" ebonite 
former as in the case of the aerial coil and it 
is shielded by a cylindrical copper shield of 
ll'' diam. made of 12 SWG sheet. The 
parallel capacity in the circuit is provided by 
means of a fixed mica dielectric condenser in 
parallel with an air dielectric variable 
condenser of 5-50 p.f. range. This variable 
condenser is robust, with an extension shaft 
for manual tuning. This condenser is spe- 
cially provided to give a range of 100 kc./s. 
variation in the oscillator frequency. This 
enables tuning of the set within a range of 
100 kc./s., about the spot frequency for 
which the aerial coil is tuned. It is seen, 
therefore, that this control of the oscillator 
frequency which can be manipulated by the 
operator enables him to retune the receiver 
properly, compensating for any tuning drift 
in the set. At the same time, this device 
has simplified the tracking problem in the 
set as the band width is limited to 100 kc./s. 
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unlike in the case of a broadcast receiver 
where the band width is about 1,000 kc./s. on 
broadcast band and 6 to 7 mc./s. on medium 
short band. On account of this, the gang 
condenser in this community set design 
could be eliminated. This simplification in 
the circuit enables the alignment of the 
aerial trimmer at any time to be done directly 
while receiving the signal from the station for 
which the set is pre-tuned. The oscillator 
grid condenser, on being tuned for maximum 
output, automatically tracks the oscillator 
frequency in relation to the signal frequency. 
Therefore, the usual multi-band signal gene- 
rator is not necessary for the alignment of the 
set while servicing it. A compact oscillator 
generating the intermediate frequency will 
only be necessary for the occasional align- 
ment of the I.F. circuits of the set. This 
simplification in the design has the added 
advantage of covering two spot frequencies 
in broadcast band and a short band width 
of 100 kc./s. in each of 31, 41, 49 and 60 
metre bands with the help of only two coils 
with fixed capacitors connected through a 
band switch. This enables easier servicing 
and checking of the circuits when necessary, 
than in the case of the usual commercial 
receivers with 5 to 8 bands including spread 
band circuits, etc. Most of these extra 
circuits in commercial sets are superfluous 
for this purpose, and involve complicated 
servicing work. 

Intermediate Frequency Stages — The inter- 
mediate frequency stage in the set is of the 
conventional design using 6SS7 ( 0T5 amp, 
heater ) and the frequency is 456 kc./s. The 
transformers used are Meissner standard 
type Nos. 16-5712 and 16-5714. They are 
air-cored types with ceramic base and mica 
dielectric trimmers. The Q factor of the 
coils in these transformers is between 85 and 
110. The circuit impedance of the first 
I.F. transformer is 0*4 megohm correspond- 
ing to an rjL ratio of 30,000. The primary 
impedance of second I.F. transformer is also 
0-4 megohm corresponding to an r/L ratio 


of 26,000. These figures compare favourably 
with those that are met with in the usual 
commercial broadcast receivers ( Table III ). 

Second Detector Stage — The second detec- 
tor is 6T7 valve (0-15 amp. heater ) in which 
the two diodes are connected together to one 
side of the secondary of the second I.F. 
transformer and circuit being complete to 
cathode and earth through a load resistance 
of 500,000 ohms. The audio voltage is fed 
through a volume control to the grid of the 
triode section of 6T7. Simple A VC voltage 
is fed to the grids of the previous I.F. ampli- 
fier and frequency changer valves. 

The triode audio amplifier of 6T7 is 
designed with a high grid leak resistance 
( 5 megohms ) to reduce the shunting effect 
on the detector load. The anode of the 
audio amplifier is sufficiently decoupled to 
increase the stability of the stages. The 
voltage gain in the stage is of the order 
of 35. 

Audio Driver Stage — A simple triode 
voltage amplifier stage using 6L5 valve 
(0*15 amp. heater) is incorporated to give 
sufficient drive to the output stage. This 
is considered advantageous in keeping down 
voltage gain to be obtained in the previous 
stage, thus reducing the tendency for 
instability. This stage also enabled the 
overall sensitivity of the set to be increased 
without sacrificing stability. The increase 
in the battery current owing to this stage is 
comparatively small (0-15 amp. heater 
current ; about 5 ma. plate current ) and the 
tota^ battery current does not exceed the 
specified amount of 2*9 amp. for the set. The 
voltage gain of this stage is 12. 

Output Power Stage — In the output power 
stage, a beam power output valve 6V6 ( 0*45 
amp. heater ) is used for the following consi- 
deration. It is worked as a class A power 
amplifier with cathode resistance for generat- 
ing the grid bias. This valve is rated at 2 
watts with 180 volts anode voltage with a 
maximum grid voltage swing of 8*5. In 
order to economize in the H.T. anode current 


TABLE III — COMPARATIVE DATA OF MEISSNER & OB9 I.F, TRANSFORMERS 


Transformer 

Fre- 


Primary 
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Grid 

COUPLING 

Existing 

1 fki 1 \r 

Mutual 
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m.H. 

kc./s. 

Induc- 
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(L) 

ra.H. 

Tuning 

capacity 

p.f. 

Q 

r/L 

Ljcr 

ohms 

Induc- 
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(L) 

m.H. 

Tuning 

capacity 

p.f. 

Q 

FACTOR 

FACTOR 

QB9 1st I.F, 

4.'>.5 

105 

117 

86 

83,240 

258,000 

109 

111-4 

82 

0-012 

0-019 

0-021 

Meissner 1st I.F. 

456 

1-42 

84-8 

96 

30,100 

894.000 

1-892 

86 

85 

0-011 

0-012 

0-017 

QBO 2nd I.F. 

45.5 

1-85 

. 66 

85 

33,620 

449,400 

1-95 

62-2 

82 

0-012 

002 

0-0392 

Meissner 2nd I.F. 

4.56 

1-247 

06 

112 

25,800 

403,500 

1-174 

04 

95 

0-0026 

0-002 

0-273 
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Fig. 3 — Mains power pack circuit diagram. 



Fig. 4 — Battery power pack circuit diagram. 

of this valve at the same time obtaining 
not less than 1-2 watts maximum output, 
the circuit constants in the stage are so 


adjusted as to give the following operating 
conditions : 

(i) Anode voltage, 150 

(ii) Anode current, 25 ma. 

(iii) Cathode voltage, 9 

(iv) AC grid volts ( for 1-2 watts output ), 
12 volts. 

The question of economy in the cost of 
the set has also been taken into consideration 
in deciding upon this beam power class A 
output stage in preference to a push-pull 
output stage. A triode or pentode push- 
pull output stage will require additional 
components and circuit in the shape of 
either a driver transformer or a phase inverter 
circuit. A suitable valve for the push-pull 
output stage will be 6Y7 driven by a 6W7 
with the help of a transformer. It may 
have an advantage of giving maximum 
output with less percentage distortion than 
a class A beam power tetrode used in this 
design. But on practical testing of the 
performance of this set, it is seen that the 
6V6 class A output stage has given an equal 
performance as in the case of 6Y7 output 
stage, at the same time economizing in the 
cost of production. The test data of the 
output given by this set and the current 
drain compared to those of a similar com- 
mercial set using 6SA7, 6SS7, 6T7, 6\V7 
and 6Y7 are given in Table IV. 

Power Pack Assembly — The power pack 
is assembled separately so that it can be 
fitted in the chassis frame of the set adjacent 
to the main receiver portion as shown in 
Fig. 2. The overall dimensions of the base 
plate of the battery and mains power pack 
are kept the same so that they are inter- 
changeable. In Fig. 3 the circuit of the 
mains power pack is shown. Each power 
pack is self-contained with its filter circuits. 
The main switch fitted in the control panel is 

TABLE IV — TEST DATA FOR R.C.A. OB9 SET ; 

BATTERY OPERATED 

( li'ith permanent magnet speaker ) 

Test frequency — 700 kc./s. Modulated 30°o " ith 4(K) cycles .\.F. 
SensitivUy — 

Input for 500 in.w. output 55 ftv. 

High tension voltage supply to the 

bands 105 volts 

Maxinuini output at 700 kc./s. 1'2 watts 

L.T. current drain off 6-volt battery 2-2 amp. 

Test Data for Community Receiver — 

Sensitivity ; Test Frequency 1200 kc./s. modulated 

30«o with 400 
cycles A.F. 

Input for 5tK) inilliw'alts output 20 /Xv. 

High tension voltage supply to the 

anodes 160 volts 

Maximum output at 1200 kc./s. 1-25 watts 

L.T. current drain off 6-volt battery 21 amp. 
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wired to the input socket fitted in the receiver 
chassis. From the circuits of these power 
packs given in Fig. 1 , it may be seen that 
the mains or battery lead, H.T. lead and 
valve heater supply lead are brought out to 
the various pins of an 8-pin plug. The 
connections to these plugs are made through 
a short multi-core shielded cable. The con- 
nections to the 8-pin socket fitted to the 
receiver chassis are so wired that the plug of 
either the mains or battery power packs can 
be plugged-in direct so that the set is ready 
for instantaneous operation. 

Chassis 6* Other Mechanical Parts — The 
simplification in the design resulting in the 
elimination of dial, dial drive gang condenser, 
etc., enables the use of a frame type of chassis 
for the whole set. The power pack is 
mounted in a separate sheet from the main 
receiver and can be screwed down to the 
chassis frame, a sketch of which is given in 
Fig. 2. The battery power pack ( Fig. 4 ) 
and the mains power pack are thus inter- 
changeable. The shape of the frame-chassis 
is such that the set can be rested in any 
position for quick servicing without damag- 
ing the valves or other components. It is 
robust and at the same time light, being 
built of aluminium L angle. It has been 
made slightly larger than a conventional 
chassis of usual 5-valve commercial receiver 
to provide room for clear and neat wiring 
and for facilitating quick and easy servicing. 
The loud speaker is not mounted in the 
receiver frame but is boused in a separate 
cabinet for installation away from the set. 
The loud speaker is provided with a 15' twin 
core extension cable ending in a 2-pin non- 
reversible plug, and is plugged into a corres- 
ponding socket provided in the control panel 
of the receiver to connect it to the output 
of the set. The controls for the set and the 
aerial-earth terminals are also fitted in the 
front panel for easy accessibility. The 


receiver chassis frame goes into a simple and 
strong wooden cabinet which is made insect 
and dust-proof. The receiver cabinet has 
been constructed with the front door in two 
halves, so that by raising the lower half, the 
controls alone are accessible to the operator. 
The top half is closed and sealed until required 
to be opened for taking out the set for servic- 
ing, only when necessary. 

This design of the simple community set 
meets the following requirements : 

1. The general design of the circuits, 
layout of the components and the mechanical 
parts are simple such that they can be built 
in any moderately equipped workshop and 
laboratory. 

2. No special skilled labour or special 
plant and machinery will be required to pro- 
duce these sets even in bulk. 

3. The design of the set is directly suited 
to community listening purposes such that 
no further modifications are necessary. 

4. The cost of maintenance will be consi- 
derably lower due to simplification in the 
stocking of spare equipment required for 
servicing and ease of servicing. 
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Manufacture of Sponge Iron— 
Literature Report No. 2 


B. R. NIJHAWAN & P. K. GUPTE 

National Metallurgical Laboratory ( C.S.I.R.), Jamshedpur 


S PONGE iron is the product of direct 
reduction of iron ore below the fusion 
point of iron. Considerable work has 
been carried out in the United States 
( mainly by the U.S. Bureau of Mines ), 
Sweden, Germany and France, stress being 
laid mainly on the following important 
aspects : 

(1) Sponge iron as a substitute for scrap in 
the production of steel, especially in electric 
smelting furnace for the manufacture of high- 
quality steeP‘‘. 

(2) Utilization of non-coking type of coal 
and other gaseous fuels for the reduction 
of iron ores. This problem is of special 
interest to India ; she has ample high-grade 
iron-ore deposits but lacks coking coal. 

(3) Use of sponge iron in chemical and 
metallurgical operations requiring finely div- 
ided metallic iron of high porosity. Sponge 
iron has many advantages as a precipitant. 
Precipitation of metals from solutions as 
used in copper metallurgy has been advo- 
cated for many years. 

Methods of Manufacture 

1. Methods Developed by the United States 
Bureau of Mines — The experimental work 
of the Bureau deals mainly with the produc- 
tion of sponge iron by heating iron ores 
at low temperature using solid carbon as 
the reducing agent. 

The small-scale experiments are carried 
out in muffle furnaces. The reduction tem- 
perature for iron ore without fusion and 
using solid carbon as reducing agent is 
about 875° to 1,025°C., the most desirable 
temperature being about 950°C. The heat 
conductivity of finely divided iron-coal 
mixture is low. Also the reduction reaction 
in such changes are endothermic. These 
conditions make rapid heating of the charge 
almost the first essential factor in the 
design of a high output furnace. The 
muffle furnace is less practical than the 
direct-heated type for the reduction of iron 
ore on a large scale. 


The large-scale experiments are carried 
out in continuous rotary gas-fired kilns. 
The kilns are built with sections of different 
diameters. The charge of ground iron ore 
and coal enters the upper end of the kiln 
and passes rapidly in a thin layer through 
the preheating section. During the pre- 
heating period of 15 to 20 min., the volatile 
matter of coal and the moisture in the charge 
are driven off and the charge enters the 
enlarged section at approximately 900°C. 
with 3 to 5 per cent iron reduced. In this 
section the charge is in a layer of W to 
15'" deep. Maintained at a nearly constant 
temperature of 900° to 1,000°C., the charge 
remains in this section for about 1 hr. 
during which period the reduction of the 
iron oxide is complete. The reduced product 
is discharged continuously through a pipe 
into a cooling chamber below the furnace. 
The cooled product contains a large quantity 
of excess carbon and coal ash which is re- 
moved by means of a magnetic separator. 
The concentrate usually contains less than 
1 per cent carbon and 65 to 90 per cent iron 
according to the grade of ore treated. The 
experiments indicate that rotary kilns give 
consistently good results**"^®. 

The Bureau of Mines have also carried 
out experiments, using natural gas as a 
reducing agent^^»^^, with ore containing 
about 50 per cent iron, 10 per cent silica 
and 3 per cent alumina. A large part of 
the investigation is devoted to the develop- 
ment of a suitable reducing gas from natural 
gas. The following conclusions have been 
reached : (i) In a 25,000 lb. charge, 80 per 
cent of the iron ore is reduced to metal in 
13 hr. ; (ii) a higher degree of reduction is 
not obtained because the amounts of carbon 
dioxide and water vapour present retard 
the rate of reaction, and because the endo- 
thermic nature of the first reaction reduces 
the temperature below the optimum ; 
(iii) sintered ore is not reduced as rapidly as 
unsintered ore ; (iv) discharge of the sponge 
iron is difficult because of sticking ; and 
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Fig. 1 — Diagrammatic representation of 

WiBERG PROCESS. 

(v) the sponge, containing 80 per cent iron 
in the reduced state, is easily melted in an 
electric furnace. 

Producer gas was successfully used in a 
multiple-hearth furnace^®. Republic Steel 
Corporation has built a multiple-hearth 
furnace using coke-oven gas^^. Hydrogen 
gas was tried in what is called bubble-hearth 
process^® but the process was found un- 
workable. 

2. Swedish Processes : Wiberg Process — 
The theoretical Dasis of a suitable process for 
the manufacture of sponge iron was laid 
down in 1918 by Prof. Wiberg. In principle 
( Fig. 1 ) the method is as follows : The 
ore, either in sintered form, or in the form 
of uncrushed ore of high iron content, is 
charged into the furnace, which works on 
the counter-current principle. 

In the lower part of the shaft, carbon 
monoxide is passed in at a temperature 
of 900° to 1,000°C. The gases passing up 
the shaft reduce the ore to iron, and the 
carbon dioxide content of the gas rises to 
25 to 30 per cent with respect to iron, an 
equilibrium between ferrous oxide and 
carbon dioxide being set up. Three-fourths 
of the gas is sucked out by fans into an 
electric arc gas producer, in which it is 
reduced to carbon monoxide. The reaction 
G-|-C 02 ^ 2 C 0 being endothermic, heat must 
be supplied, and this is done by electrical 
energy. The remaining gas ( one quarter ) 
passes further up the sha^t where an air 
intake causes it to be burnt, thus heating 
up the ore to 900° to l,00OX. 


A furnace capable of producing 10,000 
metric tons per year was erected in Soderfors 
by the Stora Kopparberz Berzslag Company in 
1932. Fig. 2 shows a sketch of the furnace. 
The ore or sinter is laid in at (1). The shaft 
is lined with fire-bricks and has a wall thick- 
ness of about 900 mm. This is surrounded 
by a sheet-iron cover. The gas is laid in at 
(2) through a ring conduit, and then through 
a number of narrow twyers in the shaft (3). 
The gases are led out through 4 exits (4). 
The air for the combustion in the upper 
part of the shaft enters through 12 twyers 
and the used gases finally leave by the 
chimney (6). The chimneys have valves to 
regulate the pressure in the shaft. The 
lowest part of the shaft is surrounded by 
circulating water (7). The sponge leaves 
the outlet (8) into the container (9). The 
gases from (4) pass through the circulating 
fan (10) which, revolving at 2,950 r.p.m., 
could deal with 110 cu. m. per min. at 
360 mm. pressure and 800°C. The tem- 
perature and pressure conditions in the 
furnace installation is illustrated in Fig. 3. 

The gas producer ( Fig. 4 ) is lined in the 
same way as the shaft, the outer cover 
being of 18-8 Cr-Ni steel. The producer has 
three pairs of Soderberg electrode, 300 mm. 
diam., passing down through a collar, each 
electrode being coupled to its own single- 
phase transformer. The transformers arc of 
400 kW. at 55 to 90 volts. The carbon is fed 
in through (12) from the carbon container (13) 
of 14 cu. m. capacity. The dust and ash 
have to be shovelled out at the bottom. 





Fig. 2 — Sponge iron furnace at Soderfors. 
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Fig. 3 — Temperature and pressure condi- 
tions IN A SPONGE IRON INSTALLATION. 

With a given size of the furnace, the 
output is dependent on (a) temperature and 
composition of in-going gases ; (b) speed of 
gas circulation ; and (c) quality of the ore. 
The correct composition of the gas is easily 
achieved and its temperature can be closely 
defined within practical limits. Increase in 
speed of circulation increases output. Above 
a certain limit, however, the amount of 
carbon dioxide in the gases entering the 
producer is reduced, since the ore is not 
sufficiently rapidly reduced for the carbon 
dioxide to be increased to the required 
theoretical value of 30 per cent and the 
electricity and charcoal consumption per 
ton of reduced iron ore automatically 
increases. The suitability of the ore can 
be increased by pretreatment 

According to Ramocyer^'^, the Wiberg 
process is the only one in successful operation 
at present, but it has three disadvantages. 
It cannot use the fine concentrates just as 
they come from the magnetic separator ; 
secondly, the operation has to be carried 
out at such a high temperature that sticking 
difficulties arc encountered ; and thirdly, 
regeneration of carbon dioxide to carbon 
monoxide is not very satisfactory. The 
use of hydrogen under pressure is advocated 
as a reducing agent. The reduction of 
magnetite to iron with hydrogen should not 
be carried out above 1,100*^1""., otherwise 
ferrous oxide will be formed which is difficult 
to reduce. 

These considerations have led to the 
development of the Brassert process, in 
which coke-oven gas is used as the source of 
hydrogen. The coke-oven gas is desulphur- 
ized, preheated to 1,200° to 1,300°F. and 
passed into the bottom of a vertical Herreshof 
furnace into which ore is fed at the top. 
The finely divided ore passes down over a 
series of disc plates to the slotted grate at 


the bottom through which the hydrogen 
passes upwards. By bubbling the gas 
through the fine ore, the latter is made to 
flow along the channels and from one plate 
to another as if it were a liquid. To prevent 
reoxidation, the hot reduced fines are passed 
directly to a briquetting press designed to 
make corrugated slabs of compressed sponge 
iron. 

3. German Processes : The Krupp & 
Krupp-Renn Process — The direct reduction 
of ore is carried out in a rotary furnace ; the 
iron is obtained in the form of compact 
lumps containing but little carbon. On 
leaving the furnace the lumps are embedded 
in a pasty slag, from which, after cooling, they 
are separated by a crushing process. All 
sorts of low-g ade fuels, such as coke screen- 
ings, fine coal and semi-coke residues, can be 
used in the furnace ; the recovery of iron in 
the lumps amounts to 90 to 96 per cent, depen- 
ding on the ore and the mode of operation. 



Fig. 4 — Single-phase gas producer. 
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Fig. 5 — Operational sequence in the iron process. 


Most of the phosphorus from the ore passes 
into iron, but manganese goes largely 
into the slag. The sulphur content of the 
lumps depends on the basicity of the slags. 
When treating rich ores, it would appear 
economical to aim at the production of low- 
sulphur lumps by making suitable additions 
to the charge, and then to use lumps directly 
for steel-making. With poor ores, and 
particularly those high in silica, it is better 
to make no additions but to use the process 
simply as a preparatory treatment and then 
charge the lumps into a blast furnace^^^ 

The operational sequence of the Rjnn 
process is set out schematically in Fig. 5. 
As opposed to the well-known processes for 
the production of iron by means cf the re- 
volving-furnace process in which, as a rule, 
the iron is produced as a sponge or liquid 
pig iron, the essential future of the Krupp- 
Renn process lies in the special function of 
the pallet-zone ". 

Fig. 6 shows the bottom ends of a Walz 
furnace ( used for the distillation of zinc 
and lead ) and a Renn furnace in sectional 
elevation. 

The Krupp-Renn process definitely makes 
smaller demands as regards the composition 
of the slag than does the normal smelting 
process. The process only requires a slag 
which is semi-soft at 1,200° to 1,300°C. 

The physical projxrties of the fuel, such 
as screen size and k si ■ ance under pressure, 
play no part a^ the fuel is finely ground and 
mixed with the ore. Fuel with a high ash 
content causes no 'ifliculties and is prefer- 
able to low ash mat rial if it can be obtained 
at lower price. 

The pellets obtaiiN ! by the Krupp-Renn 
process are practically slag free and vary in 
size f»*om T5 to #0 aim. 


There arc three principal applications of 
the Renn process (Fig. 7 ) : 

(i) The direct production of steel ; 

(ii) the enrichment of a poor quality ore, 
especially one with a high silica 
content ; and 

(iii) the production of non-ferrous metals, 
for example, nickel, cobalt, copper, 
silver, gold and platinum metals. 

The direct production of steel without the 
use of the blast furnace is particularly suit- 
able in cases where a supply of ore is available, 
but suitable coke for blast-furnace smelting 
is not too plentiful. 

Briquetted iron ore is used in another 
German process^^ in which carbon monoxide, 
hydrogen or other suitable gas brings about 
the reduction in a shaft furnace. The ore 
reache:: its highest temperature about half 
way down to the furnace, and is cooled down 
almost to the atmospheric temperature by 



Fig. 6 — Bottom ends of Walz and Renn 
furnaces. 
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Fig. 7 — Principal applications of Kenn process. 


a cold blast of reducing gas admitted at the 
base of the furnace, wherefrom the sponge 
iron is extracted. 

Norsk-Stahl process^^ uses a mixture of 
carbon monoxide and hydrogen as a reducing 
agent. The equipment consists of three 
vertical ovens for preheating, reducing and 
cooling the charge and apj)aratus for regene- 
rating the spent gases. 

Other important processes are : Hornsey 
process worked at Chesterfield^® and Lorain 
and Ohi^^ in which rotary kilns or retorts 
are employed. The Smith process is carried 
out in vertical ovens or retorts, similar to 
coke ovens in design. The crushed ore is 
mixed with carbonaceous material and 
charged into the oven where it is heated and 
cooled by means of horizontal flues. It is 
preheated in the upper part of the oven by 
waste gases which leave the stack at about 
400°F. The charge then enters the reduc- 
tion zone where temperature ranges from 
about 1,600° to 2,000°F. The charge is 
subsequently cooled by the in-ceming air 
for combustion in the heating flues, and 
discharged below 250°F.®^. 

Economic Aspects** 

The economic success of a direct process 
depends on : (i) whether it can produce a 
finished product which requires no remelting 


before marketing at a fair price in competi- 
tion with other metals ; (ii) whether it can 
produce a material at as low a price as steel 
scrap ; and (iii) whether the manufacturers 
can obtain for sponge iron a price better 
than that of steel scrap. The direct process 
has a few disadvantages compared with blast 
furnace. It cannot easily flux off sulphur 
( Bushi and Schout have investigated the 
production of low-sulphur sponge iron^^*®® ). 
Another disadvantage is that the material is 
readily oxidized and is difficult to handle 
during melting operation. 

Summary 

This report deals with the survey of the 
existing literature on the manufacture of 
sponge iron. 

Methods of manufacture developed by the 
United States Bnreati of Mines are enu- 
merated, their experiments on continuous 
rotary gas-fired kilns are dealt with in 
detail. 

The Swedish Wiberg process is described 
at great length. Given cheap electric 
power supply, this process is the most suc- 
cessful one. 

The German Krupp-Renn process has been 
worked very successfully in Germany. In 
this process fuel with high ash content 
causes no difficulties and is prefeirable to low 
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ash material. Work carried out in other 
countries is also referred. 

The economic aspects of the direct process 
are discussed. 
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Production of Out-of-print Issues of Periodicals 


The UNESCO Libraries Division ( Paris ) 
has taken up the production of out-of-print 
issues of the following periodicals ; Nature, 
Architectural Reviews, The Economist, Revue 
Generate des Sciences pures et Appliquees, 
Journal of Experimental Medicine, Journal 
of Biological Chemistry and Review of Eco- 
nomic Statistics. 

Libraries desirous of securing out-of-print 
issues of the above periodicals should write 
direct to the UNESCO Libraries Division, 19 
Avenue Kleher, Paris 16, stating exactly 
which issues they need. At least 100 subs- 
criptions must be received before any indivi- 
dual issue can be reproduced by photo- 


lithography. It is estimated that the 
demand will be sufficient to permit the 
use of photo-lithography only for out-of- 
print issues from 1939 to 1945. The price 
of each issue v/ill be the same as originally 
set by the publisher. Issues out of print 
prior to 1939 will be considered for micro- 
filming rather than for photo-lithography. 
The price of microfilm will be approximately 
I cent ( U.S. ) or 1.50 French francs a 
page. 

Payments for reproduced -issues may be 
made with UNESCO Book Coupons in 
those countries to which Book Coupons 
have been made available. 



Obituaries 


SIR ARDESHIR RUSTOMJI DALAL 

(April 1884-October 1949) 

We regret to record the death, on 
October 8, 1949, of Sir Ardeshir Rustomji 
Dalai at Bombay. 

Sir Ardeshir was educated at the Elphins- 
tone College, Bombay, and later at the 
Cambridge University. He qualified himself 
for the Indian Civil Service and served the 
Government of Bombay in various capa- 
cities and was for sometime Secretary, 
Department of Education, Health and Lands, 
Government of India. In 1943 he was 
appointed a Member of the Viceroy’s Execu- 
tive Council in charge of Planning and 
Development, in which capacity he served 
till the end of 1945. During the latter period 
he was President of the Governing Body of 
the Council of Scientific 6* Industrial Research, 



Sir a. R. Dalal 


More recently, as the Chairman of the Review- 
ing Committee set up to review the work of 
the Council, he was responsible for formulating 
far-reaching recommendations on the devel- 
opment and utilization of scientific research 
in India. 

Sir Ardeshir was one of the principal 
signatories to the well-known 15-year Bombay 
Plan for the industrial development of 
India, a plan which is regarded as a land- 
mark in the history of post-war economic 
planning. 

After retiring from the Indian Civil 
Service, he joined the Tatas as Director and 
partner, and was one of the leading indus- 
trial magnates of the country. Dignified 
and broadminded, he represented in the 
larger national life of the country the 
great traditions associated with India’s 
leading Parsis. 


MR. C. C. GHOSH 

We regret to record the death, on 
August 20, of Mr. C. C. Ghosh, retired Deputy 
Director of Sericulture, Bengal, at the age 
of sixty-five. 

Born of a middle class family, Mr. Ghosh 
developed a keen interest in entomology and 
from a technical assistant in the Pusa Agri- 
cultural Research Institute, he rose to the 
post of the Entomologist to the Government 
of Burma, in which capacity he made valu- 
able contributions to the organization of 
sericulture industry in Burma. His con- 
tributions to the development of sericul- 
ture in Bengal, during nearly a decade 
prior to his retirement from service, are 
well known. 

Among his many pmblications, mention 
may be made of Insect Pests of Burma, which 
is accepted as a standard work in economic 
entomology, the Silk Industry of Japan and 
Silk Production and Weaving in India, He 
was Chairman of the Silk Research Committee 
of the Council of Scientific & Industrial 
Research, 
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^ Forest Pathology, by John Shaw Boyce 

"(.McGraw-Hill Book Company Inc., New 

York), 1948, Second Edition. Price $6. 

The book is based on the researches 
on forest and plant pathology contributed by 
about 300 workers all over the world covering 
a period of three quarters of a century. The 
first edition was published in 1938 which 
underwent 4 impressions in a comparatively 
short period. The first book on this subject 
was published in 1931 under the title An 
Outline, of Forest Pathology by Dr. Earnest 
E. Hubert. Dealing with the same subject 
is a third book, Pathology in Forest 
Practice, by Professor Dow Vawier Baxter 
published in 1943. 

Forest pathology, which principally deals 
with the diseases of woody plants of forests 
and also takes into account the decay of 
timber and deterioration of forest products, 
is a daughter science of plant pathology and 
applied mycology. But the extension of its 
scope to forest products has made it more 
attractive and important than the nucleus 
from which it developed. Like every applied 
science, the fieid of application of forest 
pathology is ever expanding. This is shown 
by the growing demands of a treatise like 
this and the publication in the last 12 to 15 
years of 3 well-written books and a large 
number of subsidiary texts on decay of timber 
and forest products, monographs on tree 
rusts and other fungi connected with tree 
diseases. 

The fact that the first edition of Professor 
Boyce’s book underwent 4 impressions during 
the war time is significant of its ftopularity 
and of the demand by increasing numbers 
of workers in this field for information on 
more recent developments. A large amount 
of new information has accumulated during 
the past 10 years, mainly on the exploita- 
tion of timber resources and intensive 
utilization of forest products for purposes 
of war and this had to be incorporated. 

The book is compiled in 21 chapters, 2 
appendices { containing a description of 
fungicides and a list of common plant names 
^th their scientific equivalents), and an 
index. The book can be broadly considered 


under 7 parts, namely general mycological 
text, non-infectious diseases, seedling di- 
seases, pathology and tree diseases, decay 
of wood and wood products, principles 
of disease control, and appendices and 
index. 

The first 3 chapters consist of introduc- 
tion, discussion on the causation of fungal 
diseases and a simple taxonomic description 
of different groups of fungi. Chapter IV 
on non-infectious diseases discusses patho- 
logical symptoms produced by high tem- 
peratures (sun scald), low temperature 
( frost injury, frost ring formation, frost 
canker, frost scars, etc.), water deficiency 
( drought, heat cracks, winter drying, etc.), 
water excess, nutritional defects, injury 
due to industrial process ( smoke and smelter 
fumes injury ), salt spray, mechanical injury 
( fire scars, snow storms, hailstones and lighten- 
ing injury, etc.), and provides a complete 
bibliography to the recent works of Swingle 
( 1944), Hepting ( 1945 ), Jackson ( 1945 ), 
Hansborough ( 1947 ), Hawboldt ( 1947 ) and 
Pamerleau ( 1944). The seedling diseases 
have been considered under 2 categories, 
namely non-infectious and fungus diseases. 
Under nofi-infectious diseases, the above 
factors have been considered from the point 
of view of protectirn. Under fungus diseases, 
damping off, root rot, snow blight, moulding, 
smoothening, spots, etc., due to the attack of 
fungi of lower orders ( Phycomycetes and 
Fungi Imperfecti ) and Ascomycetes and a 
few Basidiomycetes have been discussed. 
For controls of seedling and nursery diseases, 
selection of disease-free seeds, proper plan- 
ning of nursery and selection of nursery sites 
have been given the utmost importance. 
Although the list of causal agencies is not 
complete and reference has been made to 
pathogens known in the United States of 
America, the items of control practically 
cover the whole range of such diseases. The 
root disease due to the shoe-string fungus 
( Armillaria mellea ( Vahl.) Quel.) has re- 
ceived adequate recognition ( chapter VI ). 
Contributions on the pathology of root and 
buttrot fungus ( Fomes annosus ( Fr.) Cke.) 
from the United States of America and 
Europe are mostly of recent years ( 1930 to 
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1946 ) ; the readily accepted theory of root 
wounds and frost injury in the butt region 
has been discussed with a few remarks on 
control methods. A short description of 
root diseases due to other organisms of the 
family Basidiomycetes, Ascomycetes, Phyco- 
mycetes, Fungi Imperfecti and viruses 
( Phloem Necrosis of American elms — 
Swingle 1942, Tucker 1945 ) have been given. 
A short account of mycorrhiza has also been 
included. 

The foliage diseases have been described 
in 2 parts : hardwoods ( chapter VII ) and 
conifers ( chapter VIII ). The former include 
leaf spots, tar spots, twig blights, powdery 
mildews, sooty moulds, rusts, blisters, flower 
and fruit rot, deformations, scab, and canker 
of tender shoots caused by various pathogenic 
fungi including rusts, Ascomycetes, Fungi 
Imperfecti, etc., a short but comprehensive 
account being given. 

Under the latter are included distribution, 
pathology and biology of leaf blights and 
needle casts due to various ascomycetous 
fungi such as cedar-leaf blight due to Keithia 
thujina Durand, needle cast of Doughlas fir 
due to Rhahdocline pseudotsuga Syd., needle 
cast of balsam fir due to HypodermeUa nervata 
Darkar, needle cast of pines due to Lopho- 
dermium piniastri ( Schrad ) Chev. L, juni- 
perinum ( Fr.) de Not., HypodermeUa concolor 
( Dearn.) Darkar, of jack and lodgepole 
pines have been given, besides several others, 
under miscellaneous foliage diseases. Under 
needle rusts distribution, life-cycle, patho- 
genecity of cedar and juniper needle rust 
(15 species of Gymnosporangium ) have been 
considered in detail because damage to the 
pomaceous hosts is often serious in the west 
coast, north, central and Lake Region 
States of U.S.A., and in the provinces in the 
north, central and western Canada and 
valuable orchard trees are attacked by “ cedar 
apple rusts. Control measures include 
spraying the orchards and isolation of 
alternate hosts. Besides Gymnosporangium ^ 
about 70 species of needle rusts, most of them 
being heteroecious species, have been des- 
cribed hostwise such as Pine Needle Rusts 
( Melampsora, Melampsorrella, Uredinopsis 
and Milesia ), Hemlock Needle Rusts 
(Pucciniastrum), and Larch Needle Rusts 
( Melampsora ). Also included in the list are 
unrelated species referred to by form genera 
Peridermium, 

The stem rusts of conifers which cause 
“ witches'-brooms ”, swellings, blisters and 
galls of stem and cause die-back or kill young 


trees outright are of greater economic impor- 
tance and have received detailed treatment 
in two sections. Distribution, biology and 
pathology of 10 heteroecious stem rusts, 
except in case of Woodgate Gall Rust, the 
identity of which is not known, and of 
Western Gall Rust ( Cronartium harkensii 
( Moore ) Menecke ) which is suspected to be 
identical with Eastern Gall Rust ( Cronar- 
tium cerebrum Hedge, and Long = Cronar- 
tium quercuum ), have been described in 
detail. Nothing could be more welcome to 
students of forest pathology than the com- 
plete and up-to-date supplementary' infor- 
mation at the end of each chapter. One 
chapter has been allotted to the White Pine 
Blister Rust in the U.S.A. which is introduced 
from Europe. The amount of daUiage it 
caused to the pines, endemic as well as intro- 
duced, made the problem of paramount 
importance to the States for a quarter of a 
century. References have been made to the 
works of about one hundred workers in the 
States and in Canada, and a direct method 
of control has been successfully worked out. 
The White Pine Blister Rust, the Chestnut 
Blight Disease and Dutch Elm Disease have 
strengthened the hands of American phyto- 
pathologists in enforcing quarantine laws. 

This is followed by 2 chapters on the stem 
diseases of conifers and hardwoods. In the 
former, canker due to Ascomycetes such as. 
canker of pines due to Tympanis species, 
canker of larch due to Dasycypha willkom- 
mii ( Hart.) Rehm and other species of 
Dasycypha, and due to Fungi Imperfecti 
such as Macrophoma species, Phomopsis 
lokoya Hahn have been described and symp- 
toms and etiology detailed. These diseases 
attack trees growing under unfavourable 
conditions in the virgin forests of the United 
States ; the descriptions of these parasites, 
therefore, have been given from the point of 
view of the American workers. None of 
these diseases, however, has been recorded 
in India. 

In dealing with the stem diseases and 
cankers of hardwoods, which are of more 
serious consequence than those of conifers, 
the author has recorded many new diseases 
which are difficult to diagnose, and still 
more to control unless their etiology is 
known. Protective measures, which were 
merely suggestions, have now become definite 
with the increasing knowledge of the etiology 
and biology of the organisms. This chapter 
has considerable additional information than 
the previous edition. 
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Amongst the Fungi Imperfecti, Dothi- 
chiza and Septoria cankers of oak and chest- 
nut, Sphaeropsis cankers of oak ; and 
amongst the Ascomycetes Black Knot 
of cherry ( Dihotryon morbosum ( Schw.) 
T. & S.), Didymosphaeria canker of alder, 
Cytospora canker of willow, Neofabraea 
canker and Hypoxylon canker of poplar and 
Eutypella canker of maple have been des- 
cribed. Nectria canker ( Nectria galligena 
Bres.) of yellow poplar and magnolias and 
Beech Bark Disease ( Cryptococcus fagi Baer, 
followed by Nectria cocina var. faginata ) 
with symptoms and etiology have been 
described in detail. Lastly, the Chestnut 
Blight or Endothia canker of chestnut has 
been described. This section has been 
presented in a somewhat more condensed 
form than in the previous edition. This 
fungus was formerly considered a danger- 
ous parasite of forest cum horticultural plants 
of American importance. Tlie Chestnut 
Blight Disease of America is now a wider 
problem for the geneticists and tree patho- 
logists as it affects vast regions of Europe 
and Asia and the information regarding all 
aspects of the problem will be useful for 
workers in this field. 

Under stem diseases, non-infectious and 
infectious galls have been discussed in 2 
chapters. Short accounts of dieback of hard- 
woods due to Nectria cinnabarina ( l ode ) 
Fr., of pines caused by Cenangium abietis 
( Pers.) Rehm., of butternut by Melanconis 
jugulandis ( E. & E.) Graves and of other 
miscellaneous hardwoods due to various 
species of Fungi Imperfecti have been given. 
A complete description of Dutch Elm 
Disease has been given. For protection of 
elms, sanitation against the bark beetles 
that spread the fungus, spraying of 
technical DDT dissolved in fuel oil or 
xylene with emulsifying agents has been 
recommended. 

A concise description of American mistletoes 
with a key to the American species of Arceu- 
thobium together with the host list has been 
given in chapter XV. Protection methods 
have been discussed in detail from the patho- 
logical and sylvicultural points of view for 
all types of forest including nursery stocks 
and virgin stands. At the end of the 
chapter some aspects of biological control 
have been discussed and a few enemies of 
mistletoes have been referred to. 

Further elaboration of stem diseases due 
to various hymenomycetous fungi which 
are regarded as facultative parasites and for 


brevity termed “ decay " opens chapter 
XVI which introduces timber pathology. 
The descriptions are concise but a full treat- 
ment has been given under each section which 
follows. 

The importance of the isolation of decay 
and the examination of cultural characters for 
the diagnosis of “decay ' (Campbell 1938; 
Davidson, Campbell and Vaughn 1942 ; 
Robak 1942 ) have been emphasized. Special 
media which accelerate the formation of 
sporophores ( Badcock 1943 ), oxidation tests 
with gallic and tannic acids in malt agar 
media and the guiacum tests are useful 
recent additions. 

Under the section “ Control of Decay 
methods of scaling and estimating “ decay “ in 
trees and logs have been discussed and the 
methods to calculate the volume of rot and 
sound timber in stands and timber have been 
given. This is a very important pre-requi- 
site for those engaged in the timber trade. 
The author has considered decay in various 
American softwoods such as western coni- 
fers which include Doughlas fir due to Fames 
pint, Fomes I arid s, Polyporus schweinitzii 
and Fomes roseus ; sitka spruce due to Fomes 
pint ; western hemlock due to Echinodon- 
Hum tinctorum, Fomes emosus, F, applanatum 
and F. pini ; white pine and lowland white 
fir due to F. tinctorum ; red fir also due to 
F. tinctorum ; western white pine due to 
F. pini ; ponderrosa pine due to Polyporus 
anceps and incense cedar due to Polyporus 
amarus. Data from various Canadian and 
American laboratories and references to 
well-known workers such as Bier, Foster, 
Salisbury, Weir, Lewis, Hubert, Englarth 
and the author himself have been included. 
Importance of such timber like sitka spruce 
which was used for aircraft during the second 
World War, red fir, ponderrosa pine, etc., not 
mentioned in the earlier edition has been 
stressed and decay tests included. Formation 
of the top rot of hardwoods and its relation 
to the incidence of wounds and rotten 
branches and the data from the works of 
Davidson and Campbell ( 1943 ) on Black 
Cherry Rot on the estimation of cull defects 
are recent additions. 

The largest number of contributions on 
stem and timber decay in recent years is 
mainly from the forest products laboratories 
of Germany, Sweden, England, Canada and 
U.S.A. and also from the laboratories under 
many industrial concerns processing timber 
and wood products and are referred to in 
chapter XVI I, The author has given a 



November 1949] 


REVIEWS 


451 


complete but concise description of some of 
of the important American timber-destroying 
fungi. Besides short descriptions of about 
80 species of hardwood and softwood decay, 
estimates of losses due to decay, both in 
use and storage, have been included. The 
section on dry rot has, however, been disposed 
of with short remarks on Poria incrassata 
( B. & C.) Curt, with a mention of Merulius 
lacrymans ( Wulf.) Fr. The bibliography on 
the rots is complete. 

The last 3 chapters are important from the 
point of view of timber industries, lumbering, 
utilization of forest products, etc., and sub- 
jects dealt with in sections under different 
categories are : Deterioration of Dead Timber 
( chapter XVIII ) ; Deterioration of Forest 
Products — Decay ( chapter XIX ) ; and 
Deterioration of Forest Products — Sap- 
stain ( Chapter XX ). The author discusses 
the methods of salvage of killed trees, 
decayed and stained wood and wood products. 
The sound principles of lumber industry are 
based on secondary operations and salvage 
of the so-called waste material. Insect- 
killed, fire-killed, wind-thrown timber and 
slash, etc., add to the losses. 

Biotic factors are responsible for tremen- 
dous losses of timber resources in tropical 
forests and the information given in these 3 
chapters should prove very useful to our for- 
esters, lumbermen and industrialists. Fire, 
insect and wood-rotting organisms are consi- 
dered as natural enemies of the tropical 
forests. We have no adequate means to 
stop them, but proper logging of insect-killed 
and fungus-decayed material would certainly 
save a fortune provided we are able to work up 
the proper schedule of deterioration that sets 
in at different stages so as to ascertain how 
long such timber could be left in the 
coupe at the time of the year when 
transport to the mills is not practicable. 
Fire is the greatest curse of tropical and 
subtropical forests. We have no means to 
calculate the actual amount of loss to forests 
caused by this agency, but the estimated 
loss runs into many crores of rupees. 

From the utilization point of view, the 
natural resistance to decay due to the by- 
products of plant metabolism such as tannin, 
volatile chemicals, colouring matters, toxic 
oils, resinous exudations ( non-toxic but 
prevent penetration of wood-destroying 
fungi), etc., have been considered. Under 
the section of decay of pulp wood and pulp, 
methods of hygienic storage, proper piling 
and chemical treatment to protect material 


for pulp have been briefly discussed. The loss 
to our pulp material ( bamboo in particular ) 
is very high due to the fact that sap-stain 
is active in the monsoon season for 4 to 6 
months. Storage is a difficult problem for 
the paper industries. To save the tremen- 
dous wastage, chemical protection of pulp 
material is essential. 

Much work has been done by American 
workers on sap-stain since the publication of 
Professor Boyce’s book on forest pathology 
in 1938. Stains on wood products, which 
were regarded as minor defects in timber, 
especially the blue stains of softwoods, are 
now considered to be one of the major 
handicaps to the marketing of finished wood 
products. Information available on the 
control of sap-stain ( Schaffer and Lindgreen 
1940, Hartley 1945, Schaffer 1946) has been 
given. 

Under the section “ Decay of Structures ”, 
fungi causing decay of building and other 
permanent structures, and methods to prevent 
decay have been summarized. The section 
on wood preservation has been unusually 
abridged but a complete bibliography to the 
subject has been annexed. 

The author discusses the fundamentals 
of forest-disease control in chapter XXI 
under 2 categories, namely the control of 
native diseases and the control of introduced 
ones. The basic principles involved being 
different in the two cases, the methods 
evolved have been different. With the 
native diseases, sound sylviculture, selection 
of sites, adjustment and judicial composition 
of the crop at the time of restocking, pre- 
ference to mixed in place of pure stands in 
the second rotation, or second cut stands, 
selection of seed, acclimatization of the 
species when introduced from one region to 
another, and lastly, the breeding of forest 
trees to improve resistance have been consi- 
dered and the merits and demerits discussed. 
The attempts to introduce exotics in the 
place of susceptible native species have been 
condemned. Introduced diseases are infi- 
nitely more destructive and require more 
expensive direct measures. The author has 
quoted glaring instances of half a dozen 
pests introduced into the United States 
during the last 50 years. The lack of judge- 
ment in the initial stage to estimate the harm- 
ing capacity of potential parasites and delay 
in taking action against them have given 
them time to establish themselves on native 
American hosts. The slow method of investi- 
gating and cruising ( estimating ) the diseases 
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at the time when they are first noticed have 
also been criticized. Finally, the principles 
governing control of introduced parasites 
have been summarized and the views of 
Ditwiller ( 1929 ) and Fracker ( 1937 ) have 
been put forward. Public opinion has to 
be roused in support of effective sanitation 
and destruction of diseased stock, and the 
need for passing legal enactments when 
persuasive methods fail, has been emphasized. 

Although the methods described relate to 
the checking of pests, both endemic and 
introduced, of native American trees, the 
basic principles discussed are applicable to 
any country faced with similar situations. 
We have fortunately no record of an intro- 
duced tree disease that has developed into 
dangerous stage. The diseases of our ever- 
green and deciduous hardwoods and of the 
conifers in the Himalayas so far recorded are 
endemic, and endemic diseases never develop 
to dangerous proportions. Furthermore, 
against native parasites direct control is 
rarely necessary or justifiable. We have a 
large number of resistant hardwood species. 
As regards conifers, the Himalayan species, 
though few, are sufficient for our home 
requirements, and except as a trial on an 
experimental basis, there is little need to 
introduce exotics in India. 

During the last world war, it was difficult 
to safeguard any country against the intro- 
duction of new diseases. We have records 
of Trametes aerials and Pori a monticola 
reaching our shores in a consignment of 
sitka spruce and Doughlas fir timber. There 
is every likelihood that other parasites have 
invaded the country through agricultural 
and forest products. Professor Boyce's 
remarks on quarantine regulations as 
an effective barrier against new pests are 
particularly apparent. 

This book, which is the only one of its 
kind, will be invaluable to students and 
teachers of forestry, the forester, the silvi- 
culturist and the private owner of forest 
land. It will be equally handy to the lumber- 
man and to everyone interested in the 
timber trade. The complete bibliography 
is invaluable to students, as no other complete 


and up-to-date reference list is available in 
this country. 

K.B. 

Elements of Electronics, G. Windred 

( Chapman & Hall Ltd., London ), 1949, 

pp. 197. Price 15s. net. 

Mr. Windred's book entitled “ Elements 
of Electronics " covers, in an elementary 
fashion, a wide field of the science of electro- 
nics. The text is divided into 15 chapters 
and deals with the principles of electronic 
charge measurement, thermionic emission, 
conduction in vacuo and gases, photo-electric 
effects, thermionic and gas-filled valves and 
circuits. X-rays, cathode ray tube and 
circuits, television, sound film, electron optics, 
cyclotron and radio location. The book is 
entirely non-mathematical and as such should 
appeal to those interested in electronics but 
without sufficient mathematical knowledge. 
The author's method of exposition is lucid 
and this he has ably maintained right up to 
the end. 

However, in attempting to provide simple 
explanations for all subjects, the author has 
been rather vague in several places. For 
example, in the explanation of the working 
of the split-anode type magnetron, the 
statement on page 35, “ in the unelectrified 
or neutral state a piece of matter contains a 
definite number of negative electrons, such 
that two pieces of matter in this condition 
will experience no mutual electric forces " 
is confusing. So also is a statement made in 
the paragraph which follows. In Figs. 
57 and 58, the output terminals shown have 
no bearing with the text and as such are 
misleading. The grid bias arrangement and 
its measurement by voltmeter “ V " in 
Fig. 65 is also wrongly shown. There are 
a few printing mistakes in the book. 

But these criticisms are of a minor charac- 
ter and do not in any way detract from the 
value of the book. The author deserves 
congratulations for writing so clearly on a 
subject of wide interest like electronics. 

G. Sanyal 



Fibres from Peanut Proteins 


S. L. KAPUR 

National Chemical Laboratory, Poona 


T he successful use of soyabean proteins and 
milk casein as raw materials for the pro- 
duction of artificial textile fibres led to 
the investigation of the suitability of 
groundnut proteins as another possible raw 
material for the same purpose. Experimental 
work on the production of obtaining fibre from 
groundnut proteins was carried out in the labora- 
tories of the Council of Scientific 6- Industrial 
Research with promising results. 

The Imperial Chemical Industries have succeeded 
in producing textile fibre from groundnut proteins 
on a commercial scale. It is of interest to review 
the developments in this field in view of the work 
carried out by the author. 

Groundnut, or peanut as it is known in America, 
is grown in India, China. Manchuria, Nigeria, French 
Sudan, Dutch East Indies, Spain and Argentina. 
India produces 180,000 tons of peanuts a year. 
China and Manchuria together produce about as 
much, and the United States rank third among 
the producing countries. 

The process of fibre production from casein, soya- 
bean and peanut proteins is similar to that employed 
in rayon manufacture, and can be considered under 
four main heads ; viz.: (1) preparation of proteins ; 
(2) preparation of the spinning solution ; (3) spin- 
ning of fibre; and (4) hardening and after-treatment. 

Preparation of Proteins 

The first step consists in the preparation of the 
oil-free cake from the residue obtained after pres- 
sure expulsion of oil, through solvent extraction. The 
final cake has the following average composition ; 

/o 


Nitrogen 

10-5 

Oil 

1-5 

Water 

80 

Ash 

4-5 


Peanut proteins are made up of the two globu- 
lins, arachin and conarachin, soluble in saline 
or alkali solutions. Extraction of proteins from 
the oil-free cake is one of the most critical opera- 
tions in fibre production and demands extreme 
care for ensuring uniform batches. One method of 
extraction consists in soaking the powdered cake 
( of definite fineness ) in 5 to 10 per cent saline at 
15°to20X.for 6 to 12 hr. The quality of the finished 
proteins is influenced by the clarity of the extract, 
and a Sharpie’s supercentrifuge is employed for 
securing the desired clarity. The proteins are 
precipitated by adding to the extract freshly 
prepared, dilute sulphurous acid solution, or 
by slowly bubbling sulphur dioxide through 
the extract at 15° to 20°C., till a />H of about 
5 is attained. The precipitated proteins are fil- 
tered, washed and dried at 30° to 40°C. The relative 
ratio of salt solution to the cake is also important. 
Ten parts of salt solution are usually employed for 
extracting the protein from one part of the cake. 
High temperatures during extraction lower the 
yield. Rate of stirring, concentration of sulphur 


dioxide, pW at precipitation, extent of washing 
and temperature of wash liquor, and sunlight are 
other factors which influence the physical pro- 
perties of the proteins precipitated. 

In another method, a dilute solution of sodium 
hydroxide ( O'l to 0 5 per cent ) is used for ex- 
tracting the proteins. The dissolved proteins are 
precipitated by sulphur dioxide at a pH of about 5. 
The use of lime has also been suggested*. The final 
product is cream-white in colour, and the yield varies 
from 20 to 30 per cent on the weight of the cake. 

Preparation of Spinning Solution 

The second step in fibre manufacture is the 
preparation of a viscous solution of high solid 
content. On account of the tendency of proteins 
to form a gel at high concentrations, it is difficult 
to prepare solutions containing more than 20 to 
30 per cent solids. The solutions are then aged 
and “ ripened ”, during which reorientation and 
partial denaturation of protein molecules occur. 
Denaturation is controlled and is allowed to proceed 
only to the extent of eliminating side chains leaving 
the main long-chain molecule intact. Thomsan and 
Traill* have shown that at higher solution tempera- 
tures. lower concentrations of alkali are required to 
uncoil the globular molecules to a linear configura- 
tion and later break them down to short chains. 
A viscosity between 40 to 300 poises* provides a 
solution which can be spun into fibres. 

To impart the necessary pliability, softness and 
elasticity to the finished fibre, it is desirable to 
incorporate certain plasticizers in the spinning 
solution. One per cent oleic acid, linseed oil acids, 
Turkey-red oil, sodium glycerol phosphate, sodium 
tartarate, glycol phthalate, ethyl glycollate, butyl 
tartarate, amyl acetate, sodium maleate and urea 
( in the order of their effectiveness ) are a few of the 
plasticizers in use. 

As strengthening agents ( for increasing the tensile 
strength of the fibre ), salts of aluminium, calcium, 
barium and, to a less degree, magnesium are re- 
commended. While using calcium and barium salts 
it is necessary to use the sulphonates of alcohols, fats 
or aromatic radicals, with or without hexa-meta- 
phosphate, to prevent premature precipitation of 
proteinates. Sodium lauryl sulphate and sodium 
oleyl sulphate are particularly effective. Of less value 
as strengthening agents are sodium silicate, sodium 
chromate, sodium tungstate and sodium stannate. 

Technically, the preparation of spinning solution 
consists in soaking the proteins in water for 30 to 
60 min., and grinding to a uniform paste. A small 
amount of alkali (1-0 to 1-5 per cent) is added 
slowly with continuous stirring when all the pro- 
teins go into solution. Plasticizers and strengthen- 
ing agents are added and intimately mixed. The 
solution is then filtered in a stream-line filter and 
aged at 10° to 15°C. for 15 to 25 hr. The quality of 
different batches of the spinning solution depends 
upon the size of protein particles, rate of stirring, 
rate and order of addition of the additives and other 
factors. 
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Spinning consists in forcing the protein solution 
through spinnerets into an acid bath, and collecting 
the filaments on a bobbin as in the spinning of 
rayon. 

The process may be conveniently described under 
two main heads : 

Precipitation — Effective precipitants’ are sul- 
phuric acid, phosphoric acid and acetic acid ( in 0*5 
to 15 per cent concentration ). Addition of small 
amounts of sulphates of calcium, aluminium and 
sodium and glucose to the bath provides a better 
control of the speed of coagulation and facilitates 
dehydration of the filaments. A small amount of 
formaldehyde is added to the bath for imparting 
strength to the fibre at an early stage. 

Spinning Technique — The spinning solution, 
properly aged and freed from insolubles and air 
bubbles, is forced through fine nozzles dia. 10 
microns ) into an acid bath where the proteins are 
precipitated in the form of fibres, which are wound 
on a bobbin. Although horizontal baths are in 
general use, vertical baths may be more suitable. 
Stretching of the fibre during its precipitation 
is effected by pulling it through the acid bath over 
two glass pulleys revolving at different speeds. 
Stretching appreciably influences the physical 
properties of the finished fibre, unstretched fibres 
being brittle and weak. 

When the spinning solution comes into contact 
with the bath solution, coagulation of the proteins 
occurs at the surface, leaving a core of uncoagulated 
solution within the fibre cylinder. 

When the fibre is subjected to stretching, the rate 
of pull will be more on the coagulated solid layer 
than on the enclosed uncoagulated solution, i.e. a 
shear will be set up which brings about combing, 
alignment or orientation of the protein molecules. 
As the fibre leaves the acid bath ( the length of 
the bath is about one metre ), the enclosed solution 
has to be completely coagulated. It is obvious 
that to produce a good textile fibre, there should 
be a proper correlation between the speed of 
stretching and the rate of coagulation. The 
accompanying diagram ( Fig. 1 ) illustrates the 
different speeds at the axis and circumference 
of the coagulating fibre. Spinning speeds up to 400 
to 500 ft. per min. are generally employed*. Visco- 
sity and temperature of spinning solution, speed 
of extrusion and stretching of the coagulated 
fibre, temperature, and composition of the acid 
bath, etc., are all factors which influence the final 
characteristics of the fibre. 

The hardening of the fibre is brought about by 
a relatively long immersion ( 12 to 24 hr ) of the 
tow ( thousands of tiny strands coming from the 
spinnerets) in a formaldehyde bath maintained at a 
definite temperature, concentration and pH. The 
use of more than one bath with increasing formal- 
dehyde concentration is recommended®. Other hard- 
ening agents’ include acetaldehyde, croton aldehyde 
and butrylaldehyde, but they are seldom used. 

The amount of formaldehyde taken up by the 
fibre depends upon the pH of the solution. The 
presence of certain salts added to the bath also 
influences formaldehyde absorption. 

Peanut fibre, unlike soyabean and casein fibres, 
forms a rod-like horny mass after the formalde- 
hyde treatment and drying. To overcome this 
drawback, the hardened fibre is soaked in a hot 
solution of sulphurous acid ih an organic solvent 
at 80°C. for 10 to 30 min., or in a solution con- 
taining sodium, chloride and formaldehyde at 



35" to 40®C. followed by treatment with a 5 per 
cent batching-oil emulsion, or sulphonated oil 
and soapi®. This treatment imparts the feel, 
pliability and other properties required for a 
textile fibre. The product, finally washed and 
dried under controlled temperature and humidity 
conditions'', resembles scoured wool and can 
be spun and woven by the conventional methods. 

Properties of the Fibre 

“ Ardil ", the commercial name given to the 
fibre produced by Imperial Chemical Industries Ltd., 
is white to light-cream in colour and has a soft 
wool-like feel. The crimp in the fibre and the 
consequent inclusion of air in fibre bundles gives 
the fibre a warm woolly handle. All " Ardil " 
and " Ardil "-wool fabrics give the same thermal 
insulation as an all-wool fabric of the same thick- 
ness. It has a low tensile strength ( 15,000 p.s.i., 
and an extension at break of 80 per cent ) and 
poor resistance to abrasion. It absorbs moisture 
like natural wool and its affinity for dyes is com- 
parable to that of other synthetic fibres. It does 
not lelt like natural wool and fur. Knitting yarns 
are prepared from " Ardil " mixed with cotton and 
rayon, 
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NOTES & NEWS 


Synthesis of Vitamin A 

Vitamin A in a high state of 
purity has been synthesized at 
the W arner Institute of Therapeutic 
Research. Complete identity be- 
tween the natural and synthetic 
product has been established. 
A method suitable for commercial 
production has also been worked 
out. 

Starting with a C^, ketone, first 
described by Heilborn, a mixture 
of vitamin A acid and ester was 
obtained by the addition of 2 more 
carbon atoms. This was reduced 
to the vitamin, employing lithium 
aluminium hydride. The final 
product had a purity of 50-75 
per cent, a concentration higher 
than any vitamin A concentrate 
commercially available up to now. 

The synthesis of vitamin A in 
the form of its acetate, starting 
from /9-ionone, has been achieved 
on a sufficiently large scale ( Ghent. 
&Eng. News, 1949. 27, 2106 ). 

Alcohol from Bassia Flowers 

Optimum conditions for the 
fermentation of bassia flowers to 
yield industrial alcohol, together 
with a plant design, are described 
{Ind. S' Eng. Chem., 1949, 41 , 
1451 ). 

Bassia latifolia flowers from 
C.P. and Berar containing, with- 
out hydrolysis 70 per cent 
reducing sugar as glucose, 5-9 per 
cent proteins ( dry basis ), and 
18*4 per cent moisture, were used 
in these experiments. Seagram 
yeast strain No. 90 ( 5. cerevisiae ) 
employed in all the experiments 
was acclimatized by serial transfer 
through bassia medium. 20, 25 
and 30 gm. of flowers per 100 c.c. 
of water were macerated and the 
material heated at 180^’F. for 30 
min. Conversion of sugar to alco- 
hol was highest at 20 per cent 
concentration of the mash. A 
fermentation efficiency of 98-3 per 
cent after 72 hr. incubation and 
a plant efficiency of 92*6 per cent 
were obtained. The alcohol ( 95 
per cent ) yield was 5*32 gal. per 
100 lb. of flowers, dry basis, in 
contrast to yields of 4*89 and 4*58 
gal. for 25 and 30 per cent concen- 
trations respectively. 

To determine the effect of tem- 
perature and time on extraction 


of sugar, whole flowers were 
extracted with agitation at room 
temperature and at 180°F. Cold 
extraction for 30 min. was found 
inferior to a similar hot extraction, 
as the former yielded 4*28 gal. as 
compared to 4-93 gal. 95 per cent 
alcohol in the latter case. 

To augment the yield, various 
nutrients were added to 20 per 
cent mash which had been extrac- 
ted for 30 min. at 180°F. Use of 
ammonium sulphate and ammo- 
nium phosphate at 0*2-0‘6 per 
cent level yielded 5 05 gal. of 
alcohol 5 per cent. Urea was not 
found suitable as a nutrient. 

A bassia flower distillery with a 
capacity of 2,000 gal. of industrial 
alcohol per day has been designed 
on the basis of this experimental 
work. The process consists of 
continuous automatic weighing of 
bassia flowers, water, and 5 per 
cent bassia stillage into a pre- 
cooker. Bassia slurry prepared in 
the cooker after a holding time of 
20 min. at 180“F. is passed on for 
wet milling followed by a 30 min. 
batch cooking operation at 180'^F. 
5 per cent ( by volume ) of the 
mash is diverted for yeast propa- 
gation while the remainder is 
pumped continuously through a 
single-tube heat exchanger where 
it is cooled to the fermentation 
temperature of flO^'F. Four 25,000 
gal. fermenters provide adequate 
space for the 60-70 hr. fermenta- 
tion cycle required by a 20 per 
cent bassia flower mash. 

The distillation unit consists of 
a direct steam-heated beer strip- 
ping still, containing 18 perforat- 
ed plates and 2 bubble cap plates, 
a beer heater which acts as a 
partial condenser, and an alcohol- 
vapour fed rectifying column, 
containing 30 bubble cap plates. 

With bassia flowers at $1.21 
per cwt. f.o.b. the supplier, the 
cost of 95 per cent industrial 
alcohol manufactured by this 
process works out to $0 372 per 
gal. 

Electrolytic Production 

of Azo-dyes 

An electrolytic method for 
the preparation of azo-dyes using 
an inexpensive iron anode in place 
of the iLSual expensive platinum 
anode has given satisfactory re- 


sults in practice. The cell charac- 
teristics and the preparation of a 
few azo-dyes have been described 
( Curr. Sci., 1949, 18 , 291 ). The 
iron anode is not only cheap ; it is 
corroded only to a negligible 
extent and does not promote 
nitrite oxidation. The yields of 
the dyes are also considerably 
improved. 

The cell used is of the divided 
type, a porous alundum cup 
forming the cathode chamber and 
diaphragm. The anode is of 
heavy sheet iron, with the edges 
and corners rounded by filing. 
This anode is cleaned, i eated to 
redne.ss and chilled in water before 
being used ; the reaction is found 
to be unsatisfactory without this 
treatment. The anode is an iron 
oxide anode ; the thin layer of 
oxide formed helps in the pas- 
.sivation of the anode. A glass 
propeller-type stirrer is used for 
stirring. 

On passing the current 3 times 
the theoretical length of time, a 
better yield of dye is obtained : 
3-07 gm. or 6T4 per cent of the 
theoretical. The current efficiency, 
however, remains the same. 

Ponceau G — This dye is obtained 
by the electrolysis of molar pro- 
portions of aniline, 2-naphthol-3, 
6-disulphonic acid ( disodium 
salt ) and sodium nitrite in an 
alkaline electrolyte. The dye is 
formed in very poor amounts in 
neutral medium. 4-35 gm. R-salt, 
IT 6 gm. aniline, 0-90 gm. sodium 
nitrite and 0-50 gm. sodium 
hydroxide, in 150 c.c. of water 
are electrolysed at a current den- 
sity of 5 amps. /dm. ^ for 20 min. 
The dye is recovered from the 
anolyte by salting out. The 
precipitated dye is filtered at the 
pump, dried and weighed. Yield 
of dye : 1T5 gm. or 20-3 per cent 
of the theoretical. The colour on 
silk and wool is bright and of a 
good shade. 

PonceatilR — 4*35 gm. of R-salt, 
T50 gm. m-xylidine and 0*90 gm. 
of sodium nitrite are electrolysed 
in 150 c.c. of water, with the 
modifications mentioned above, 
at a current density of 5 amps./ 
dm. 2. The anolyte is coloured 
dark red at the end of the run. 
The dye is precipitated from 
solution on the addition of 25 gm. 
of sodium chloride with good 
stirring. The precipitated dye is 
filtered, sucked nearly dry and 
dried in an air oven at 80°C. 

The yield of the dye is 95*5 per 
cent of the theoretical if the 
electrolysis is carried on for 2 hr. 
The quality of the dye is found to 
be satisfactory. 
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Glass Sand Beneflciatlon 

Process 

A TECHNIQUE OF ATTRITION GRIND- 
ing that makes possible the 
production of a high-quality glass 
sand from a low-grade sandstone 
has been described ( J, Amer. Cer. 
Soc., 1949, 32. 237 ). 

The sandstone used is from 
Pottsville near Falls Creek, Penn- 
sylvania. A typical sample analy- 
ses to : SiO|, 98*75 ; Fe,0„ 0*12 ; 
Al,O„0*67; TiO„ 0*10; CaO, 0 07; 
MgO, nil ; Na,0, nil ; K,0, 0 09 ; 
and ignition loss, 0*037, expressed 
as percentages. Petrographic 
examination of thin sections of 
specimens showed that about 60 
per cent of the quartz was free 
and loose-grained ; the remainder 
consisted of aggregates of quart- 
zite, chert and iron-bearing 
minerals. The sand also contained 
about 1*5 per rent of a ferruginous 
clay as a coating on the grains. 

To obtain a suitable sand for 
the manufacture of flint glass, the 
FcjOj and TiO, content had to be 
reduced to about 0*025 per cent or 
less. The remaining impurities 
only needed to be made constant 
and it was not necessary to eli- 
minate them. 

The first beneficiation tests were 
started with impact grinding and 
washing. A sample of crushed 
rock, 40-50 mesh, was given wash- 
ing and desliming treatments 
after which the sand contained 
0*056 Fe,0„ 0*061 TiO, and 0*07 
per cent AljOj. The remaining 
iron was present as a limonite 
stain on the particles and as 
discrete mineral particles with or 
without titania. This was follow- 
ed by flotation and magnetic 
separation which were not found 
effective. A hot acid-leach was 
then tried with hydrochloric acid 
and stannous chloride. It was 
found that the iron content with 
50 mesh sand could be purified to 
0*023-0*026 per cent iron. The 
remaining iron was assumed to be 
held inside the quartz grains as it 
could not be removed. Acid- 
leach test with SOg as the solvent 
also gave a similar product, 
although it took a longer time. 

Large-scale beneficiation carried 
out with these methods proved 
complicated, economically unfeas- 
ible and unsatisfactory. Further 
study and microscopic work re- 
vealed that the sand had to be 
reduced in size by attrition grind- 
ing rather than by uncontrolled 
impact grinding. The pebbles 
had to slide over the surface of 
the sand grains to remove the 
limonite stain. The ratio of sand 
charge to pebble charge for maxi- 


mum efficiency was found to be 
1*1 to 8 for attrition grinding 
compared with 3 to 8 for impact 
grinding. The lower ratio per- 
mitted the reduction of sand by 
attrition to a certain size in one- 
half the time required to reduce 
the same amount of sand to the 
same fineness by standard impact 
grinding methods. 

Attrition grinding resulting in a 
— 150-mesh product (95 per cent) 
was found to be most economical 
and dependable. The beneficiated 
product contained 0*04 per cent 
TiOg. Though this amount was 
not so low as the standard set 
originally, it was found harmless 
for the glass colour. 

In the beneficiation plant des- 
cribed, sandstone from the quarry 
is subjected to primary crushing 
in jaw crusher and gyratory 
crusher and further reduced in a 
rod mill to —10 mesh. This 
material passes through a wet 
magnetic separator to the tube 
mills in a closed circuit with a 
bowl classifier, for attrition grind- 
ing to —150 mesh. This is freed 
from slime by a hydro-separator 
and passed on to a thickener, a 
filter and a drier successively. The 
water content of the product is 
less than 1 per cent. 

Contact Catalysts 

Contact catalysts may be prk- 
pared by incorporating a suitable 
catalyst with a refractory carrier 
which is bonded by ethyl silicate. 
The preparation of contact cata- 
lysts by supporting a suitable 
catalytic agent on a refractory 
material is a common practice and 
usually the catalyst is prepared in 
pellet form. For example, a 
vanadium pentoxide catalyst sup- 
ported on pumice pellets, bonded 
with sodium silicate, may be used 
to catalyse the oxidation of sul- 
phur dioxide to sulphur trio- 
xide. Asa binder, sodium silicate 
has the drawback of impairing the 
refractory properties of the sup- 
porting material and also makes 
it difficult to obtain intricately 
shaped catalytic masses. If an 
organic silicate is used as the 
binding material, these drawbacks 
may be overcome. Ethyl sili- 
cate is generally chosen for this 
purpose. Suitable solutions can 
be prepared from ethyl silicate by 
hydrolysis with aqueous ethyl 
alcohol using hydrochloric acid as 
a catalyst. Since non-vOlatile in- 
organic bases are absent, the 
refractory properties of the sup- 
porting materials are unimpaired. 
Catalysts containing vanadium 


pentoxide have been prepared in 
this manner. 

Ethyl silicate containing up to 
5 per cent of piperidine by volume 
may be slip-cast to give intricately 
shaped objects and after air-drying 
and firing between 700°C. and 
1000”C., a hard, bonded refractory 
object is obtained, uncontaminat- 
ed by inorganic bases. 

By incorporating a suitable 
catalytic agent in the slurry during 
the above bonding process, the 
preparation of contact catalysts 
having complex shapes can be 
carried out, provided that the 
bonding process does not destroy 
the activity of the catalyst, or 
that the presence of the catalyst 
does not prevent the setting of the 
slurry. Instead of the direct in- 
corporation (tf the catalytic agent 
in the mixture, a precursor which 
forms the catalyst on ignition may 
be added. Sillimanite blocks con- 
taining vanadium pentoxide and 
platinum catalyts have been pre- 
pared by this method. To prepare 
the vanadium catalyst, powdered 
hydrated vanadic oxide was mixed 
with the graded sillimanite. The 
block containing the platinum 
catalyst was prepared by suspend- 
ing freshly prepared ammonium 
platinichloride in the aqueous 
ethyl alcohol required to gel the 
ethyl silicate-piperidine mixture. 
The blocks were air dried and 
fired as described above. 

After preparation, the catalyst 
blocks were granulated and loaded 
into a hard-glass combustion tube. 
Catalytic activities were assessed 
qualitatively by heating to redness 
and passing over the hot material 
a mixture of equal volumes of 
sulphur dioxide and oxygen. In 
both cases much sulphur trioxide 
was formed. A control experi- 
ment, performed with catalyst-free 
material, resulted in the formation 
of very little sulphur trioxide. 
The vanadium catalyst block was 
also found effective in the 
oxidation of ethyl alcohol. In the 
temperature range 100°-150X., 
acetaldehyde was obtained whilst 
at 200 '’C., appreciable quantities 
of acetic acid were also formed. 
Tentative experiments indicated 
that the vanadium pentoxide 
catalyst is also effective in the 
oxidation of naphthalene to 
phthalic anhydride. 

The above results indicate that 
vanadium pentoxide and platinum 
catalysts may be incorporated in 
sillimanite blocks bonded by an 
ethyl silicate and piperidine mix- 
ture, and retain their oxidative 
catalytic activity ( Chem. Ind., 
July 1949, p. 500). 
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Oxidizing Agent for 

Organic Compounds 

Glycols are oxidatively cleav- 
ed to carbonyl compounds by 
sodium bismuthate in an acid 
medium, the reagent thus behav- 
ing in a similar way to periodic 
acid and lead tetra-acetate ; hy- 
droxy acids are degraded to the 
lower aldehydes. 

Two principal procedures are 
used : (a) The reagent is added to 
a solution of the glycol in glacial 
acetic acid and stirred or shaken 
at, or slightly above, room 
temperature, until the colour is 
discharged and a clear solution 
results { taking a few minutes 
or several hours ) ; this procedure 
is also suggested as a convenient 
test for these classes of organic 
compounds, (b) The reaction is 
similarly carried out with the 
glycol in aqueous ( purified ) 
dioxan solution in the presence 
of phosphoric acid, the initially 
yellow-orange suspension being 
ultimately replaced by pure white 
bismuth phosphate. 

The following substances have 
been oxidized and the products 
isolated ( in parenthesis ) in good 
yield ( 70-100 per cent ) : ethylene 
glycol ( formaldehyde ) ; diethyl 
tartrate ( ethyl glyoxylatc ) ; cis- 
and /raM5-cyclohexane 1 : 2-diol 
( adipic aldehyde ) : hydrobenzoin 
{ benzaldehyde): lactic acid ( acet- 
aldehyde ) ; mandelic acid ( ben- 
zaldehyde ). The reaction has 
been successfully applied for the 
preparation of ethyl glyoxylate 
and adipic aldehyde, and also for 
pelargonic aldehyde and azelaic 
aldehyde acid from 9 ; 10-de- 
hydroxystearic acid ( Nature, 
1949, 164 , 185 ). 

Corrosion Test for Plastics 

A LABORATORY METHOD TO EVA- 
luate chemical resistance of vari- 
ous grades of plastics has been 
evolved by Haveg Corporation, 
U.S.A. (Chem. Eng,, 1949, 56, 
98 ). 

The weight loss test used for 
measuring corrosion in metals is 
not applicable to plastics which 
may lose weight due to evapora- 
tion of the plasticizer or gain by 
absorbing solutions, on account of 
their porous structure. 

The new test procedure is based 
on 4 tests involving changes in the 
appearance of the sample and the 
Solution ( acid or alkali solution in 
which the specimen is kept immer- 
sed ) and changes in weight and 
volume of the sample. All these 
data have to be considered together 
to arrive at a conclusion. 
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The tests are described with 
particular reference to Haveg ( a 
proprietory product by Haveg 
Corporation ) but are adaptable to 
all plastic materials. Further, 
in order to provide a semi-quanti- 
tative system of reporting results, 
a system of ratings on a percentage 
basis has been worked out. The 
final rating depends on the average 
of the 4 individual ratings for the 
4 tests. This procedure also 
makes possible the comparison of 
results of different workers and 
prediction of field results with 
considerable accuracy. 

The sample under test, cut into 
strips of strips, of 

known weight and original volume 
are placed in a i"' dia. test-tube, 
6" long. Stainless steel containers 
are advised for strongly alkaline 
solutions. For hydrofluoric acid 
and its compounds at elevated 
temperatures, Haveg 48 or a 
plastic tube made from pure 
phenolic resin is recommended. 
The end of the tube is then drawn 
to a capillary tube in a blast lamp. 
The tube and the sample are put 
in a beaker of te.st solution with 
capillary down, in a vacuum 
desiccator. The vacuum is ap- 
plied and released, filling tube by 
suction to about depth over 
sample. The tube and the con- 
tents are then warmed to the 
required test temperature. The 
capillary is sealed and the tube is 
maintained at test temperature 
by keeping in an oven, or water 
or oil bath for the duration of the 
test which may be up to 3 months. 
.\t the end of this period, the solu- 
tion is observed for colour, cloudi- 
ness or sediment and rated ac- 
cordingly by reference to the 
relevant table. The sample is 
then taken out of the tube, wiped 
dry, and weighed immediately. 
It is observed for any visual dis- 
integrative changes and rated. 
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The final volume of the sample is 
obtained by calculating quickly 
the specific gravity, preferably 
using a Jolly balance. From this 
data are obtained the changes in 
volume and weight which, on 
reference to the standard graphs, 
give the respective ratings. When 
all the 4 ratings are obtained, 
they are averaged to give one 
percentage rating. This gives the 
value of the sample under the test 
conditions. The test being not 
preci.se enough for a purely 
quantitative comparison, the 
results are also frequently re- 
ported as excellent, got *1, fair or 
poor. 

These results are checked and 
calibrated against known results 
for standard chemical-resisting 
grades, in order that they can 
be used for prediction of field 
results. A very close concordance 
has been found to exist between 
the laboratory and the field 
results. 

Spectroscopic Identification 

of Timbers 

A spectroscopic method for 
the identification of 16 varieties of 
Indian timbers is described {Science 
& Engineering, 1949, 2 , 114). 
Aqueous extracts of the specimen 
( 5 gm.) was prepared by allowing 
the pieces of timbers to remain 
in 100 c.c. of a 5 per cent solution 
of sodium hydroxide for 24 hr. 
Alcoholic extracts were obtained 
by extracting 5 gm. of the wood 
in 100 c.c. of an alcoholic caustic 
soda solution containing equal 
volumes of rectified spirit and 
caustic soda solution ( 0-91 gm./ 
c.c.) for 24 hr. The filtered solu- 
tions were examined in a Hilger 
spectroscope of the constant de- 
viation type fitted with a w'ave- 
length scale. A 100-watt pearl 
lamp was used for illumination. 


TABLE I 


Timber 

Aqueous extract, 
wavelength 

ABSORBED 

A 

.Alcoholic extract, 
wavelength 

absorbed 

A 

Dysoxylum malabaricum 

423tt 

42.50 

Terminalia bclerica 

4360 

4405 

Cahphyllum tomeniosum 

4430 

4270 

La^erstroemia lanceolata 

4513 

4275 

Telratnelcs nudi flora. 

4635 

4350 

Xylia xylocarpa 

5770 

4.395 

Terminalia paniculata 

471M) 

4440 

Mangifera tndica 

4742 

4.500 

Dichopsis elliptica 

512S 

46(H) 

Cedrella toona 

5407 

4710 

Terminalia arjuna 

4933 

4850 

Tectona grandis 

5970 

5295 

Albezzia lebhek 

5334 

5445 

Atrocarpus integri folia 

5282 

5670 

Atrocarpus hirsula 

5384 

5960 

Dalbergia latifolia 

5685 
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The position of the absorption 
bands of the extracts were re- 
corded and mapped. 

The difference in the absorption 
values observed for the aqueous 
and alcoholic extracts of a speci- 
men serves as an additional aid 
in identifying a timber. 

Table I gives the wavelengths 
absorbed by the different timber 
extracts. 

The results of these studies 
show that ranges of absorption 
are specific for each wood extract 
and serve to identify a particular 
type of timber. 

New Sectionki^ Technique 

The application of the elec- 
tron microscope to many bio- 
logical problems has been seriously 
hampered by the lack of a rapid 
practical method of cutting uni- 
formly thin sections having ade- 
quate area and integrity of 
structure. Because of the very 
slight penetrating power of the 
beam in commercial electron 
microscopes and the great relative 
depth of field involved, specimen 
structure is difficult to interpret 
when sections are over a fraction 
of a micron in thickness. 

The high-speed microtome has 
been of limited use in solving the 
problem. This precision instru- 
ment is not only expensive and 
complicated, but also produces a 
low percentage of useful sections. 
The recent method by Pease and 
Baker employs the standard his- 
tological technique of embedding 
the tissue in collodion and paraffin 
and a modified Spencer rotary 
microtome in which the unit of 
advance was reduced approxi- 
mately to one tenth the calibrated 
value used to produce sections 
as thin as This technique 

is not, however, handy because 
of the exacting demands made 
on the microtome-advancing 
mechanism and the difficulty in- 
volved in obtaining thin sections 
with standard embedding media. 

A promising new procedure for 
obtaining extremely thin sections 
uses a methacrylic resin as an 
embedding medium, a thermal 
expansion device for advancing 
the specimen in a commercial 
microtome, and metallic shadow- 
casting for increasing observable 
detail in some of the sections. 
These techniques form the basis 
of the new method for producing 
thin sections suitable for obtain- 
ing transmission images at the 
higher magnifications in the con- 
ventional light, phase-contrast 
and electron microscopes. Poly- 
merization of n-butyl methacry- 


late provides a rapid and simple 
means for embedding the bio- 
logical material in a solid resin. 
This gives an optically clear 
matrix from which the sections 
are cut, one at a time. Smooth, 
continuous advance of the em- 
bedded specimen toward the knife 
is effected by the thermal ex- 
pansion of a brass specimen 
holder, which permits the micro- 
tome, with its advancing mecha- 
nism disengaged, to cut ultra-thin 
sections having uniform thickness, 
large area and integrity of tissue 
structure. 

Before embedding, the tissues 
are fixed and then dehydrated 
by the usual cytological tech- 
niques. From absolute alcohol, 
they are transferred to a solution 
containing equal volumes of abso- 
lute alcohol and pure monomeric 
n-butyl methacrylate from which 
the inhibitor has been removed. 
After about 1 hr. in the alcohol- 
monomer mixture, the tissues are 
put in the monometer alone for 
an equal period. To ensure re- 
moval of the alcohol, they are 
then placed in two additional 
changes of monomer for at least 
1 hr. in each. 

No. 00 gelatin capsules are con- 
venient embedding moulds. The 
main body of the capsule is set 
upright in a wooden block or other 
base and filled with the monomer, 
to which has been added 1 per cent 
( by weight ) of a catalyst ( 2 , 4 - 
dichlorobenzoyl peroxide ). After 
the tissue is placed in the mixture, 
the capsule lid is slipped on to 
retard evaporation, and the as- 
sembled capsule is placed in an 
oven kept at a temperature of 
45®-50X. For even heating, the 
capsules are suspended by strips 
of cellophane tape and good air 
circulation is maintained in the 
oven. 

At the end of 6-8 hr., the mono- 
mer is polymerized into a solid 
matrix containing the tissue em- 
bedded at the bottom of the clear 
plastic. An additional period of 
several hours at this temperature 
will ensure complete cure. After 
soaking in water, the gelatin 
capsule may be peeled off the 
resin. 

The device for holding and 
advancing the embedded speci- 
men consists of a brass block 
with a hole threaded at one 
end to receive a standard 
brass pipe plug. A cavity drilled 
into the face of the plug provides 
a seat for the embedded specimen. 
Behind the plug is a needle valve, 
which admits compressed carbon 
dioxide. As the gas undergoes 


a large change in volume, it cools 
and contracts the assembly. Stop- 
ping or reducing the flow of gas 
allows the apparatus to approach 
room temperature again and thus 
provides continuous advance of 
the embedded tissue toward the 
cutting edge. 

In practice, the embedded speci- 
men is first cemented into the 
mounting block with a mixture of 
pure gum-rubber and paraffin. 
Then, with the device clamped in 
the jaws of the microtome head, 
the entire assembly is cooled 
below room temperature. Upon 
the appearance of a thin layer of 
frost on the metal, the knife is 
adjusted so that the specimen just 
misses it on the cutting stroke. 
The specimen is then mechanically 
advanced at 2 or 3/x increments 
until the first slice is made. At 
this point the mechanical advanc- 
ing mechanism of the rotary 
microtome is disengaged by set- 
ting it to zero and the gas flow is 
reduced or stopped. After a few 
seconds, the specimen can be cut 
again. Because the specimen is 
advancing continuously, a quick 
chopping stroke involving one 
complete revolution of the hand 
wheel is necessary. With a little 
experience, one can .soon judge th<5 
necessary time interval between 
cuts. Some control of the rate 
of specimen advance can be ob- 
tained l)y bleeding the carbon 
dioxide at various reduced rates 
into the expansion chamber. 

Although poly butyl methacry- 
late has excellent cutting pro- 
perties, the sections usually are 
found to be somewhat folded. 
They are lifted from the knife with 
a dry camel-hair brush, picked up 
with a dissecting needle and 
placed on a water surface warmed 
on a hc^t plate to about 35X. 
After a period ranging from a few 
minutes to an hour or more, 
many will flatten out on the 
surface and exhibit bright inter- 
ference colours. These sections are 
then floated on to clean micros- 
cope slides and allowed to dry 
flat. Sections prepared for phase 
contrast micro.scopy are placed in 
acetone or toluene for about 
i hr. to remove the matrix and 
are mounted in Canada balsam. 
For ordinary light microscopy, the 
matrix is dissolved off and the 
section stained in the usual way. 

In preparing material for the 
electron microscope, the sections 
are floated from the water on 
to clean glass slides and dried 
flat. The matrix is then dissolv- 
ed out by placing the slide in 
acetone, toluene, or amyl acetate. 
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A dilute solution of collodion in 
amyl acetate is allowed to flow 
over the slide bearing the tissue, 
which is then permitted to dry 
at room temperature. The col- 
lodion film containing the section 
is floated from the slide on to 
water, and the specimen-mounting 
screens of the electron microscope 
are placed over the area of the 
film containing the section in the 
usual manner. 

This process of wide application 
in electron microscopy produces a 
three-dimensional aspect as well 
as greater contrast in structural 
details of the tissue. 

Although this new method for 
obtaining very thin sections has 
given satisfactory results, it pos- 
sesses certain limitations. Knife 
sharpness, for example, is of 
vital importance. The tilt of the 
knife during sectioning is not 
particularly critical. 7'he great- 
est chance for failure appears to 
lie in the polymerization of the 
embedding mass. Use of low 
temperature catalyst and main- 
tenance of a curing temperature 
of 45''-50''C. will usually prevent 
the formation of insoluble resins. 
Occasionally, tissues are injured 
during the polymerization re- 
action and such tissues, which are 
easily detected, can be promptly 
discarded. For this reason, the 
use of fixing solutions with good 
hardening properties is recom- 
mended. While fixation artefacts 
remain problems for .serious consi- 
deration, the new technique 
provides an inexpensive, practical 
method for producing ultra-thin 
sections of tissue in almost a 
routine fashion ( Science, 1949, 

no, 66). 

Recent Advances in 

Instrumentation 

A WIDE VARIETY OF NEW LAHO- 
ratory instruments has been 
developed and announced in the 
U.S.A. during recent months. 
These range from new instru- 
ments to detect atomic energy 
radiations to a new vacuum-tube 
voltmeter for measuring voltage 
in electronic and other low-energy 
circuits (Chem. Age, 1949, 61, 
155). 

Resistance Therniometer~A new 
thimble-size platinum resis- 
tance thermometer using the 
same temperature-sensitive ele- 
ment as the standard platinum 
thermometer but Jth its size, 
measures temperatures in the 
region of 10°K and higher in 
calorimetric experiments. The 
instrument can also be employed 
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as a primary standard for resis- 
tance thermometry between 
-190'" C. and +50()X. With 
the 2-G Mueller bridge tempera- 
ture, measurements can be made 
to an accuracy of iO OF'C. 

The thermometer has a plati- 
num protecting tube, about 48 
mm. long and 5*6 mm. outside 
dia. and can be readily mounted 
entirely inside a calorimeter by 
casting in low-melting alloy. 
Being helium-filled, it is u.sable 
down to 5”K. Four- wire current 
and potential leafls are brought 
out through a glass seal. Nomi- 
nal resistance at 0 'C. is 25-5 ohms. 

Potentiometer — The K-2 po- 
tentiometer of Leads Northrup 
Company combines precision with 
facility of operation so essential 
for studying tiny high-speed par- 
ticles constituting beta rays. Its 
chief features are the addition of 
a third and lower range, elimina- 
tion of exposed electric conduct- 
ing parts and standardization on 
any of its 3 ranges ( 0-0-()161, 
0-0T61 and 0-1-61 ). The last 
lotlb Tootle ToV)ofll is 

spread over a 5 meter slide-wire, 
making it easy to follow a 
small fluctuating voltage with 
accuracy not ordinarily possible 
where several switches must be 
manipulated within the range of 
fluctuations. 

The potentiometer can be used 
for various measurements of po- 
tential difference, hydrogen-ion 
concentration, oxidation reduc- 
tion, polarization, temperature, 
and other measurements. 

Consistometer — A new appa- 
ratus, the “ consistometer ”, with 
a simple design and high efficiency, 
for measuring the flow charact’er- 
istics of lubricating greases at 
consUint temperature as the grease 
is being mechanically worked has 
been devi.sed. It can similarly 
determine the apparent viscosity 
of rubber solutions at different 
shear and temperature. The 
principal adv'antages of the ap- 
paratus are its flexibility, wide 
range of shear and consistency 
measurements, .short te.st cycle 
and provision for characteristics 
flow data while working under 
controlled conditions. 

The consistometer is composed 
essentially of two coaxial steel 
cylinders mounted vertically, with 
a capillary-type shearing element 
in between through which grease 
under test is forced in either 
direction by close-fitting pistons. 
Dead weights on the down-stroke 
and air pressure on the up-stroke 
are used on the pistons while mak- 
ing flow measurements. Provi- 


sion is also made for automatic 
mechanical working. Possible 
rates of shear cover a rather wide 
range, from about 10 to 100,000 
reciprocal seconds. 

Calibrating Hygrometers — A new 
humidity test apparatus for re- 
search, calibration and testing 
of hygrometers and various humi- 
dity instruments at low tem- 
peratures has been developed at 
the U.S. National Bureau of 
Standards. 

A current of dry air is divided 
into 2 streams ( by a propor- 
tionating valve) one of which is 
maintained dry, while tl^'- other is 
completely saturated over a series 
of trays containing ice. The 2 
currents are then mixed in a 
mixing chamber and allowed to 
escape through a test chamber 
into the atmosphere. All the 3 
chambers — the saturator, mixing 
chamber, and test chamber — are 
kept immersed in a constant 
temperature bath. Essential func- 
tional units of the apparatus are : 
the drying system, the propor- 
tionating system, the humidifying 
s>-stem, the te.st chamber, the 
cooling system, and the thermo- 
regulating system for temperature 
control. 

Tlie instrument fills a basic 
need in meteorology an is ex- 
pected to find application in 
refrigeration, air-conditioning and 
other fields in which humidity 
plays an important role. 

Freezing Point Determination 
Apparatus — A precision appa- 
ratus involving a platinum resis- 
tance thermometer and bridge for 
evaluating purity of hydrocarbons 
by measuring their freezing points 
has been developed by the U.S. 
Bureau of Standards. Procedure 
employeci in the determination 
utilizes time-temperature observa- 
tions of the litjuid solid equili- 
brium in freezing and melting 
experiments. 

5 c.c. of the .sample to be exa- 
mined are placed in an inner 
vacuum flask surrounded by a 
refrigerant and stirred by an 
overhead electric motor. Ob- 
servations of time and tempera- 
ture are made, .starting with the 
temperature of the liquid above 
the freezing point and continuing 
until stirring becomes difficult. 
By plotting these values, using a 
suitable scale on the temperature 
axis, it is possible to determine 
graphically the ” zero time ” at 
which crystallization would have 
begun in the absence of under- 
cooling. The corresponding tem- 
perature value is then the true 
freezing point. The purity is 
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calculated from the measured 
freezing point as well as the value 
of the freezing point for zero 
impurity and the cryoscopic cons- 
tants. 

Determination of freezing 
points for substances such 
as ethylbenzene, which do not 
normally yield time-temperature 
freezing curves, is made from 
melting curves. The procedure is 
practically the same as for freez- 
ing experiments except that when 
stirring becomes difficult, the 
cooling bath is replaced by an 
appropriate warming bath. 

Air Meter — Development of 
*' Anemotherm ", a three-way 
air meter providing air velocity, 
air temperature and static pressure 
readings at the turn of a knob is 
reported. The meter is expected 
to find wide application in adjust- 
ing and testing equipment used 
for heating, ventilating and air- 
conditioning. 

The operation of the instrument 
on self-contained batteries and 
provision of the small probe 
attached to a long flexible cable 
make the instrument portable and 
permit readings even in the neck 
of the air diffuser. The meter 
measures air velocity from 10' 
per min. to 500' per min., pro- 
vides air-response measurement 
of temperatures from 30‘’F. to 
155°F. Static pressure, either 
negative or positive, may be 
read directly in in. of water 
from 0'05 to 10 positive, and 
0*05 to 4 negative. The new 
instrument detects even the slight- 
est draughts and measures air 
velocity accurately regardless of 
direction of air flow. 

Raman Spectrograph — This ins- 
trument, designed by the Esso 
Laboratories, is based on the dis- 
coveries first made by Sir C. V. 
Raman in 1928. 

The photo-electric recording 
spectrograph, which is capable of 
measuring the amount of light 
from a candle 5 miles distant, has 
found application in the analysis 
of petroleum products in the 
laboratories of the Standard Oil 
Development Co. 

Measurement of Thickness 

of Microtome Sections 

A SIMPLE AND ACCURATE MEANS 

for measuring the thickness of 
very thin microtome sections has 
been described ( Science, 1949, 
no, 73 ). 

Several optical methods are 
available for measuring thin films 
but their use is difficult when the 
area of the section is of the 
order of a sq. mm. A much 


simpler way is to measure, under 
the microscope, the area of the 
section, then to melt the section 
into a sphere from whose diameter 
the volume of wax can be cal- 
culated. To obtain the sphere, 
the section is caught on a very 
thin ( less than 10/t ) glass fibre, 
and the fibre is mounted in the 
field of a microscope. A small 
loop of electrically heated wire is 
carefully guided close to the 
section, which is slowly melted. 
If the glass fibre is thin enough, 
an almost perfect single sphere 
will result ; for greater accuracy, 
one may prefer to calculate its 
volume as an ellipsoid. It is 
important to watch the heating 
under fairly high magnification, 
and to heat slowly, as too high a 
temperature will cause evapora- 
tion. 

Estimation of 

Fatty & Rosin Acids 

A Swedish method for Accu- 
rate estimation of fatty and rosin 
acids by complete esterification 
of the fatty acids is descrilied 
{Chem. Age, 1949, 61, 184). 

The mixture is esterified with 
«-butanol and benzene and the 
water formed is separated. Com- 
plete esterification of the fatty 
portion takes place but at the 
same time rosin acids are also 
partially esterified. To reduce 
this, as far as possible, a suitable 
catalyst ( benzene sulphonic pcid ) 
is used in low concentration, which 
is constant, and the temperature 
of the reaction is kept down 
during treatment. The conctn 
tration of the catalyst l)eing 
constant, a definite amount of 
rosin acids is esterified per time 
unit; Thus, it is possible to 
introduce an exact correction for 
the fraction of rosin acids con- 
verted during cooking. 

The unesterified rosin acids in 
the reaction, mixture are deter- 
mined titrirnetrically. If the acids 
are of varying molecular weights, 
gravimetric methods have to be 
applied. 

Palm Oil Substitute 

A SYNTHETIC SUBSTITUTE FOR THE 
expensive African and East Indian 
palm oil, which is extensively used 
in the manufacture of hot-dip 
tin-plate, has been developed at 
the Armour Research Foundation, 
Chicago (Chem. Age, 1949, 61, 
185 ). 

In making hot-dipped tin-plate, 
sheets of pickled steel are passed 
through a flux into a bath of 
molten tin and through an 18"' 


layer of hot ( 450°F.) palm oil. 
The palm oil substitute has 
therefore, to be one which makes 
smooth, bright and quality tin- 
plate, drains rapidly and freely 
from the sheet, neither oxidizes 
nor polymerizes readily and has 
low viscosity at 100^-200°F. so 
that it may be pumped or pour- 
ed readily. Moreover, the oil 
has to be non -toxic, odour-free 
and preferably edible ; should not 
become rancid during storage, or 
interfere with lithographing, lac- 
quering or soldering procedures 
and should retard atmospheric 
corrosion. 

It has been found that dimer- 
ized linoleic acid ( dimer acid ) 
consisting of 2 linked molecules of 
linoleic acid has the best possi- 
bilities. Its fla.sh point ( 600°F.) 
is even higher than that of palm 
oil ( 470'^.) and its volatility 
is one-third of the African pro- 
duct. A mill test on this material 
was encouraging except that the 
acid tended to increase in visco- 
sity. 

A New Industrial Amine 

A PRIMARY AMINE RoSIN AmINE 

D, of great industrial utility — has 
been developed by the Hercules 
J^owder Co. Derived from modi- 
fied rosin, the amine is a pale- 
yellow, viscous liquid having a 
density of 0*997 at 25 X. Com- 
mercial qualities have a purity of 
88-92 per cent. The amine is 
soluble in most organic solvents 
but is practically insoluble in 
water. With most of the film 
formers and resins, it is com- 
patible. At room temperature, it 
forms salts with mineral acids 
and organic acids of low molecular 
weight. With high molecular- 
weight organic acids, the reaction 
takes place at 70'^-95‘’C. Carbon 
dioxide combines with tlie amine 
to form a white crystalline un- 
stable salt. Within a specific 
range of concentrations of 0*02- 
0*4 per cent, the .salts of the low 
molecular-weight organic acids ex- 
hibit hazy or cloudy solutions 
with distilled water. 

Inorganic salts of Rosin Amine 
D are practically insoluble in 
water or organic solvents. The 
pH. values of their dispersions 
and of dilute solutions of soluble 
salts range from 5-4 to 6*8, the 
values decreasing with higher 
concentrations. The amine and 
its carboxylic acid salts give a 
positive Libermann-Storch test 
for rosin. 

Non-ionic type emulsifiers such 
as Tweens and Renex can emulsify 
the amine and its salts in water 
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solutions ; ionic type emulsifiers, 
e.g. sulphonated castor oil, Nac- 
canocol and rosin soaps are not 
suited on account of their reaction 
with the amine to form salts. 
Fatty acid soaps, if used with 
concentrated amine solutions, 
cause gel formations. 

Rosin Amine D and its salts are 
stable up to 100°C. They darken 
slightly on ageing in air at normal 
temperatures. On heating at 
100°C.. slight decomposition with 
loss of nitrogen takes place, and 
higher temperatures induce fur- 
ther darkening and decomposi- 
tion. 

The amine docs not cause any 
appreciable corrosion of metals. 
It is non-toxic ; concentrated 
forms irritate the skin slightly 
due to its weak alkaline action. 

The chemical is used as a 
flotation agent, rubber softner, 
corrosion inhibitor, herbicide in 
the control of crab grass, pre- 
servative and germicide, and as a 
chemical intermediate in the pre- 
paration of numerous derivatives. 
Its addition to asphalt, mastic 
cements improves adhesion. In 
ceramic inks its use gives better 
flow and spreading properties. 
The amine and its derivatives are 
expected to find wide application 
in breaking oil emulsions in the 
production of crude petroleum. 

Synthetic Detergents 

The production and the uses 
of synthetic detergents in the 
United States are described 
(C.r.y., 1949, 125, 33). 

The first commercial production 
of synthetic detergents was in 
Germany during the early 1930’s, 
when the extreme shortage of 
fats and oils led to the develop- 
ment of a series of sulphonated 
alcohols which had superior deter- 
gent properties. The better types 
of synthetic detergents possess the 
following general properties : (1) 
excellent wetting ability ; (2) neu- 
trality in solution ( non-hydrolys- 
ing ) ; (3) solubility and effective- 
ness in cold water ; (4) ready 
rinsability ; (5) resistance to hard 
and sea water and acid and 
alkaline solutions ; (6) excellent 
foaming properties ; and (7) tastc- 
lessness. 

One important technical weak- 
ness was recognized early for most 
synthetic detergents, that is. that 
they are not equal to soap for the 
removal of heavy oils, particularly 
from cotton fabrics. Whether a 
synthetic can compete with soap 
in soft water as well as hard water 
depends on the following consi- 
derations : (1) quality and price 


believed to be satisfactory ; (2) 
ability to wash heavily soiled 
cottons : not yet comparable with 
low-cost detergents, but poten- 
tially so ; (3) capability of being 
made into bars : not yet satis- 
factory ; (4) supplies of chemical 
raw materials : capable of even- 
tual solution. ^ 

Listed below are the chief types 
of synthetics falling in the anionic 
and non-ionic groups : 

Anionic — (1) Alkyl aryl sul- 
phonates ; (2) sulphated fatty 

alcohols ; (3) miscellaneous sul- 
phates and sulphonates : (a) alkyl 
sulphonates ; (b) sulphated esters 
and acids ; (c) amide sulphates and 
sulphonates ; (d) sulphated and 
sulphonated oils, fats and waxes. 

Non-ionic — (1) Fatty esters of 
glycerol and glycol and other poly- 
hydric alcohols, such as sorbitol ; 
(2) condensation products of ethy- 
lene oxide with fatty acids, alkyl 
phenols and mercaptans. 

Within the types of compounds 
mentioned, there are literally 
hundreds of possibilities. 

The alkyl aryl sulphonates, 
because of their excellent proper- 
ties and low price, have been 
pushed as a competitor for soap 
in household cleaners, especially 
in hard-water areas. In addition 
they have wide industrial usage. 

Sodium lauryl sulphate repre- 
sents the bulk of the sulphated 
fatty alcohol detergents, and is 
prepared from coconut oil. At 
present the bulk of this type of 
product is marketed as household 
powders. 

There has been considerable 
interest in the past few years in the 
non-ionic synthetic detergents be- 
cause of their good detergency and 
low foam. The principal draw- 
back to these materials are their 
inherent high price and liquid 
form. 

With the use of “ builders ”, 
sodium tripolyphosphate and 
tetrasodium phosphate, it is pos- 
sible to produce an ideal house- 
hold detergent using synthetics. 

Prevention of 

Corrosion in Metals 

Recent methods for prevent- 
ing metal corrosion were reviewed 
at the recent U.N. Scientific 
Conference on the Conservation 
and Utilization of Resources 
( UNSCCUR ). Humidity control, 
de-aeration inhibitors, cathodic 
protection and alloying materials 
were some of the methods dis- 
cussed. 

Humidity — At relative humi- 
dity below 30 per cent, corrosion is 
negligible. Air-conditioning in 


large spaces and suitable moisture 
absorbing substances such as 
silica gel with packaged apparatus 
can accomplish this. When the 
package is a metal container, the 
inside air can be replaced with an 
inett gas such as nitrogen. 

De-aeration — Removal of at- 
mospheric or other oxygen from 
the envitonment, e.g. the use of a 
de-aerator in the treatment of 
water for boiler-feed and steel pipe 
lines inhibits corrosion. 

Inhibitors — Certain compounds 
which function mostly as chemi- 
cally or physically absorbed films 
either alter the electro 'hemical 
characteristics of the metal or 
serve as mechanical barriers to the 
normal corrosion processes. Re- 
actions of various chemical inhi- 
bitors are described. 

Cathodic protection provides the 
most effective means of arresting 
corrosion. It is based on the 
principle that most corrosion in 
practice is electro-chemical in 
natute and results from the flow of 
current through an electrolyte 
between areas of different poten- 
tial which may exist on the surface 
of the single metal or between two 
or more different metals. The 
solution is to bring all surfaces to 
the same potential. This is done 
by introducing a current to offset 
the one produced by the difference 
in potential, i.e. by discharging 
current on the more cathodic sur- 
faces, so as to achieve their 
cathodic polarization to the poten- 
tial of the adjacent anodes. The 
method finds the most important 
application in connection with 
miles of underground oil, gas and 
water pipe lines and power and 
communication cables ( Sci, News- 
letter, 1949, 56. 4 ). 

Liquid Oxygen Converter 

A NEW AUTOMATIC AND COMPACT 
liquid oxygen converter for avia- 
tion, industrial and medical pur- 
poses has been developed at the 
U.S. National Bureau of Standards 
{Ghent. Age, 1949, 61, 255 ). 

The equipment, 25"' high and 
IS"' dia., weighs 60 lb. and holds 
62 lb. oxygen enough for 10 men 
for 10 hr. It is sturdy, simple in 
design and operation, attains 
pressure rapidly, consumes less 
oxygen and delivers warm gas. 
It consists of a standard 25-litre 
metal Dewar flask modified by 
the addition of a bottom drain, 
together with 2 coils, one for 
build-up of pressure and the other 
for warming the gas as it is deli- 
vered. After it is filled with 
liquid oxygen, the flask can l>e 
sealed off from the atmosphere. 
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To build Up pressure, a valve 
is opened to allow liquid to flow 
through a drain tube and liquid 
trap at the bottom of the flask 
and into the build-up coil where 
it is evaporated and warmed by 
the atmosphere. The warm gas 
rises through the coil by thermal 
convection until it enters the top 
of the flask where it mixes with 
the gas above the liquid. Here 
the gas that condenses on the 
liquid furnace is immediately 
replaced by freshly warmed gas 
and the cycle continues, the gas 
pressure rising quickly. The fact 
that it is not necessary to heat the 
entire mass of liquid to raise the 
pressure constitutes an important 
difference between this and earlier 
types of liquid oxygen converters. 

The equipment delivers gas at a 
temperature differing by only 
about 5°C. from the atmospheric 
temperature for flows up to 150 
litres per min. When the con- 
tainer is full, pressures from 0 
to 65 lb. p.s.i. are built in 10 sec. 
and are quite stable. The equip- 
ment has successfully withstood 
severe heat, cold and vibration 
tests. Operation is reported to 
be satisfactory at altitudes up to 
40,000'. 

Black Stainless Steel 

A NEW TYPE OF STAINLESS STEEL, 
the “ shineless stainless steel ”, 
is finding application for many 
industrial purposes. Like the 
conventional bright- stainless steel, 
this black variety has a thin 
chromium oxi(^e coating and the 
blackening of the surface is 
achieved by placing the metal in 
a molten bath of dichromate at a 
temperature of 730"-750°F. for 
15-30 min. The black surface, 
which is resistant to the same, 
degree as the ordinary stainless 
steel because of its non-reflecting 
surface is finding application in 
military require mmts. It is also 
used in certain types of jewellery 
( Sci. Newsletter, 1949, 55 , 394 ). 

New Uses for Rubber 

A NEW INDUSTRY FOR MANUFAC- 

turing rubber hydrochloride from 
natural rubber and hydrochloric 
acid is being developed in Hol- 
land. A simpler and far more 
economical process than the Ame- 
rican for the manufacture of 
rubber hydrochloride ( Pliofilm ) 
has been perfected. The process 
will enable natural rubber to 
compete with synthetic rubber 
and plastics. 

Rubber hydrochloride has beeji 
found very suitable for packing 


purposes especially where water- 
clear transparency and very low 
moisture permeability are re- 
quired. Another important use 
of natural rubber announced is the 
manufacture of ebonite tanks for 
storage of solid and liquid corro- 
sive chemicals. These tanks are 
strong, stable and inexpensive 
{Chem. Age, 1949, 61 , 122). 

Fire Resistance & 

Sound Insulation of Walls 

The structural stability, fire 
resistance and sound insulation 
requirements of ” party walls ” 
between houses are dealt with in 
the National Building Studies Spe- 
cial Report No. 5 published by the 
Department of Scientific Indus- 
trial Research., U.K. {H.M.S.O., 
London, Price 2s.). The report 
discusses the twofold problem : 
firstly to determine standards of 
performance in respect of fire re- 
sistance, and secondly to find 
ways of assiessing whether parti- 
cular forms of construction will 
attain the requisite standards. 

Until the middle of the 19th 
century, the need for fire pro- 
tection was the major considera- 
tion in the design of ” party 
walls ” apart from the obvious 
requirements of structural stabi- 
lity. A solid wall of 9" of brick- 
work was the accepted and ade- 
quate form of construction. Since 
then the noise problem has so 
increased as to render this wall 
inadequate as a barrier to noise, 
while new methods of construc- 
tion introduced in recent years 
are impracticable because of their 
high cost. 

The design of the wall should 
be such as to meet the following 
specification : A party wall should 
provide a complete separation 
between houses, from foundation 
level to the underside of the roof 
covering. It should afford at 
least 1 hr. fire resistance and 
should provide an average sound 
reduction of 55 db. between the 
living rooms in one house and the 
living or bed-rooms in another 
hou.se ; and 45 db. between other 
rooms. 

Higher grades of fire resistance 
should be provided between houses 
of combustible construction and 
at defined intervals in terrace 
houses. In the latter case, the wall 
should, in addition, be self-stable. 

Of the single and multiple-leaf 
systems of construction, the four- 
leaf system in which the individual 
leaves are insulated and have a 
total weight in leaves of 12-15 lb./ 
sq. ft., appears to give an average 
sound reduction of 55 db. 


To avoid reduction of fire 
resistance by perforation of the 
wall with floor joists, the joists 
should preferably run parallel 
with the party wall. This is also 
a useful measure in respect of 
sound insulation. 

Indirect sound transmission due 
to common floor beams and wall 
plates can be overcome by using 
a double-frame system of construc- 
tion which can be more easily 
adapted to give the necessary 
standards both of fire resistance 
and sound installation than single- 
frame systems. 

Weight for weight, such mate- 
rials as clinker concrete, foamed 
slag and wood-wool appear, on 
present evidence, to be better 
sound insulators than the denser 
materials such as dense concrete 
or brickwork. 

Indian Pulp & Paper 

The anniversary number of 
this journal ( July 1949 ; price 
Rs. 3 ), in addition to the usual 
features, contains some excellent 
and instructive articles. Articles 
of interest include : Research for 
the Paper Industry ; Nature of 
Bamboo Lignin ; Paper ; Origin, 
History and Manufacture ; Photo- 
graphy as an Aid to the Paper 
Mill Chemist ; Water Marks, etc. 

Electronic Measuring 

The Philips Laboratories, Eindho- 
ven, Holland, have is.sued 9 num- 
bers of the second volume of their 
technical bulletin entitled Electro- 
nic Measuring in which are dis- 
cussed the applications of electro- 
nic measuring technique. The 
bulletin gives an idea of the 
significance of new techniques and 
developments in electronic mea- 
surements. The publication is sup- 
plied free of charge on request to 
Philips Electrical Co. (India), Ltd,, 

" Philips House ”, 2 Heysham 
Road, Calcutta 20. 


REPORTS FROM 
STATES & PROVINCES 

( Continued from page 463 ) 

160.000 seedlings to plant about 

2.000 acres. Seednuts from 
selected trees having all the 
desirable characters will be col- 
lected mainly in the months of 
February to June and the supply 
of seedlings will commence in 
July and continue throughout 
the monsoon months. 



Reports from 
States & Provinces 


MYSORE 

Sugar Factory for Shimoga 

Mysore State, one of the main 
sugar-producing areas, will have 
another sugar factory situated at 
Shimoga, in the Malnad area. 
The factory is estimated to cost 
Rs. 50 lakhs on capital expendi- 
ture and Rs. 15 lakhs as annual 
recurring expenditure. The neces- 
sary licence for obtaining the plant 
and machinery has already been 
obtained. 

Fertilizer Factory 

Construction work on the 
Government chemical and ferti- 
lizer project estimated to cost 
Rs. 3 crores and capable of pro- 
ducing 25,000 tons of ammo- 
nium sulphate and 25,000 tons of 
nitro-chalk annually is to com- 
mence by the end of this year. 
The necessary import licence for 
the plant has been obtained and 
plans are being finalized in consul- 
tation with the Chemical Cons- 
truction Carp. Ltd. of New York. 

RAJASTHAN 

Beryl Resources in 

Ajmer- Merwara 

The annual output of beryl 
from the mica pegmatites in 
Bihar and Madras would pro- 
bably be 5-10 tons during mica 
mining. The principal source will 
be Ajmer-Merwara, where the 
mineral occurs more extensively 
than in other parts of the Indian 
Union ; these sources are said to 
have supplied about 40 tons a 
month during the war years. 

Further detailed mapping in 
parts of Assam, Orissa, Bihar and 
Central Provinces, Hyderabad and 
Madras, may expose some beryl- 
bearing pegmatites. On a con- 
servative estimate a few hundred 
tons per annum may be raised in 
the Indian Union. 

In Ajmer tehsil, the most 
important beryl workings are 
located near Lohagal and Mak- 
rera, the latter with a total pro- 
duction between 500 and 1,000 
tons. Promising localities are 


Foya Sagar Lake, Qazipura, Boraj , 
Barla and Rajosi. Indications are 
noticed in the neighbourhood of 
Chamunda, l*alran and other 
localities. In Beawar region, the 
localities from where large quan- 
tities of beryl were hitherto ob- 
tained are within 3-4 miles from 
Jawaja. Dhoti Danti in Kharwar 
is a noticeable locality. In Kekri 
area the important localities are 
Bogla, Gulgaon, Para, Gonda, 
Kacharia, Kalera, Khawas, 
Khoda, Nemode and Bisundini. 
The total production from Bisun- 
dini mine is known to have varied 
from 500 to 1,000 tons. The pro- 
mising occurrences in Nasirabad 
area are Tihari, Tilara, Tantuti, 
Shokla, Loharwada, Hanwantia 
and Kanpura. The deposits in 
Ajmer-Merwara arc by no means 
exhausted and large quantities 
of beryl are yet to be forth- 
coming under favourable condi- 
tions of mining industry. On an 
average, about 50-100 tons per 
annum may be easily obtained 
from Ajmer-Merwara. 

The systematic survey of the 
beryl occurrences in Ajmer-Mer- 
wara has shown that usually 
large workable deposits of beryl 
are not present with good quality 
ruby mica. Large-scale mining 
for low grade mica, may yield 
large quantities of beryl as by- 
product. 

MADRAS 

Breeding of Improved 

Varieties of Millets 

Rust Resistant Strain of Panicum 
italicmn ( Korra ) — This millet 
crop, common in the ceded dis- 
tricts, is invariably susceptible 
to the attack of a rust, character- 
ized by rusty, brown spots on the 
leaves. This rust disease is res- 
pon.siblc for poor yields. A se- 
lected strain, S.L. 3756, evolved 
at the Millet Breeding Station, 
Coimbatore, has been found to 
be comparatively resistant to the 
rust and yields a bigger harvest. 

Improved Strain of Irrigated 
Sorghum vulgar e ( Cholam ) — A 
high-yielding strain, K. 2, has 
been found suitable for cultiva- 


tion in two seasons — January/ 
February and April/May — in cer- 
tain districts. The strain matures 
earlier than the local varieties. 
The cultivation of the strain not 
only saves the cost of one irriga- 
tion but also gives extra produce 
valued at Rs. 37-8-0 per acre 
at the present price for the millet. 

New Eleusine Corocana ( ragi ) 
strain — K. 1, a ragi strain, yield- 
ing 18 per cent more than the local 
variety ( 288 lb. per acre ) isolated 
at the Agricultural Research Sta- 
tion, Koilpatti, is now available 
for distribution. A net profit of 
Rs. 36/- per acre is exp ected out 
of its cultivation. 

Hybrid Varieties of Pennisetum 
typhoideum ( Cumbu ) Two new 
hybrid varieties of cumbu, X. 1 
and X. 2, have been recently 
released for trial from the Millet 
Breeding Station, Coimbatore. 
They have been produced by 
crossing promising pure lines 
which exhibited the maximum 
hybrid vigour when crossed. 
Trials conduced in Tiruchirapalli 
district have been encouraging. 

Green Manure — An acre of 
paddy field requires 25-30 lb. 
of small-sized green manure 
seed like Pillipesara, Seshania 
speciosa, etc. Efforts to produce 
seed of this green manure crop 
on the paddy-field bunds at the 
several agricultural research sta- 
tions show that it is easily 
possible to obtain 25 lb. of seed 
from Seshania speciosa planted on 
the well-trimmed field bunds of 
an acre of land immediately after 
planting paddy in July- August. 
Planting of seedlings is to be 
preferred to dibbling seed directly 
on the bunds. Nursery of Seshania 
speciosa should be sown on a 
small high-level plot 4-5 weeks in 
advance of the completion of 
paddy planting. 

Coconut Seedlings 

In order to supply the public 
with selected seedlings at com- 
paratively low price, a com- 
prehensive coconut nursery 
scheme financed by the Govern- 
ment and the Indian Central 
Coconut Committee was sanctioned 
by the Government of Madras in 
October 1948, and was put into 
operation on 10th November 
1948. Nurseries have been start- 
ed at the 8 research stations, 
viz. Anakapallee, Samalkot, Maru- 
tera, Tindivanam, Pattukottai, 
Coimbatore, Pattambi and Nilesh- 
war. Under this scheme, it is 
proposed to produce annually 

( Continued on page 462 ) 



INDIAN PATENTS 

The following is a list of Patent Applications notified as 
accepted in the Gazette of India, Part II, Section 1, for 
September 1949. The patents from the Council of Scientific 
& Industrial Research are indicated by asterisks. 


Paints, Varnishes & Lacquers 

*40752. SiDDiQUi, Sarin & Singh : Conversion of 
bhilawan shell liquid to a non-vesicating drying 
product for the manufacture of lacquer var- 
nishes, stoving enamels, water resistant and 
dame resistant paints : Treating bhilawan shell 
liquid with chlorine until chlorine content is at 
least 25-30 per cent. 

Organic Chemicals 

41029. United States Rubber Company : Process 
of making DDT ( 22nd July 1948 ) : Charac- 
terized in using ftuosulphonic acid as condensing 
agent in a continuous process. 

Miscellaneous Chemicals 

40983. SoLVAY & CiE : Process for oxidizing subs- 
tances with chlorite solutions : The substance 
is immersed in a suspension of activating 
agent and then it is dipped in the chlorite bath, 

40984. SoLVAY & CiE : Process of activating chlorite 
solutions and bleaching materials with these 
solutions : Introducing into the chlorite solution 
a hydrolysable organic solvent. 

Instruments ( Professional, Scientific & Controlling ) 

41665. Roy : An improved balance : Balance pro- 
vided with ball bearings at one or more points of 
movement. 

Food 9c Kindred Products 

39650. Dijk : Improved method, process and means 
for decorticating cashew nuts and like pro- 
ducts : Freezing and cracking the nuts and then 
separating shell from kernel. 

40835. PiTHWALA & Sreenivasan : Preparation of 
a modified tamarind seed polyose suitable for 
food industries : Tamarind seed polyose is 
subjected to the action of citric acid. 

39384. The Door Co. : Improvements in clarifica- 
tion of sugarcane juice : Passing Itme into 
admixture with mud in the lowermost compart- 
ment of a clarifier. 

40949. Anheuser-Busch, Incorp. : A process for 
producing riboflavin, yeast or vitamins of the 
B complex : Adding a culture to the nutrient 
medium, containing the culturing and separating 
the cellular material. 

Drugs & Pharmaceuticals 

38838. N. V. Philips’ Gloeilampenfabribken : 
Methods of preparing medicinal vitamin C 


tablets: Mixing 10 gm. of vitamin C per gram 
of a mixture of cocoabutter, sugar and cocoa. 

41357. Glaxo Laboratories Ltd. : Preparation of 
liver extracts : Passing the aqueous extract of 
liver through a silica gel column and thereafter 
eluting the active principle. 

41358. Glaxo Laboratories Ltd. : Preparation 
of liver extracts : Subjecting an extract of liver 
to a counter current extraction process between 
water and a suitable solvent as defined herein. 

40472. Chaudary : Improved driving arrangement 
for cycles: Another free wheel on opposite side 
of rear wheel axle, carrying a length of chain. 

Metal 9c Metal Products 

40929. Desai : Extraction of metal copper from 
malachite or ores containing copper carbonates : 
Reacting ferrous sulphate of 5N strength with 
malachite to form copper sulphate to which 
scrap iron is added. 

Rubber & Rubber Products 

41067. Singh : An improved process of manufac- 
turing rubber balloons : Liquid latex is allowed 
to fall from the orifice of a container into a rotat- 
ing former. 

Textile 9c Textile Products 

41119. Indian Jute Mills’ Association Research 
Institute : Preparation of a fast-to-light 
substantially white jute ( Addition to No. 
37868 ) : Treating bleached jute with acetic 
anhydride at a temperature below its boiling 
point in the presence of an alkali metal acetate. 

Miscellaneous 

39131. Dewar & Mcleod & Co. Ltd.: Tea-breaking 
machines : Breaking effected by pressure and 
bending applied to the belt and to tea on the belt. 

9660. Chaudary : An improved plough : Two 
tilling points spaced apart from one another and 
at different levels. 

*40112. Narayana Rao & Sreenivasaya : A pro- 
cess for production of distillery yeasts of high 
potency : Securing a highly active zymase com- 
plex within it and elaborating protective agents 
within the cell, which stabilize the zymase complex. 

40600. Singh : Typewriters for Hindi, Devnagri 
and like scripts : Half characters provided on 
type bodies and vertical stroke provided on a 
linear adjacent to guide, typebar actuating the 
lever when half character key is depressed. 



Science & Export Promotion 


M uch attention has of late been 
given to the question of stimulating 
India's exports in the interest of 
balanced trade. The Export Pro- 
motion Committee ( Chairman, Sri A. D. 
Gorwala), appointed last July, has made 
valuable recommendations in this regard, 
some of which have been accepted by the 
Government and others are receiving consi- 
deration. It is axiomatic that in the long 
run the exports must pay for imports if the 
country's economy is to be based on sound 
foundations. The need for stimulating ex- 
port trade to enable the financing of imports 
without frittering away the valuable sterling 
resources is, therefore, obvious. 

The Export Promotion Committee has car- 
ried out a searching analysis of the impedi- 
ments in the way of export trade, the most 
serious among them being the maladjust- 
ments in the internal economy resulting in 
high prices. Due to the upward trend of 
Indian costs “ some of our goods price them- 
selves out of all markets ". Speculative 
activity has been largely responsible for the 
high prices. Export restrictions, absence 
of standardization, unethical practices of 
some of the exporters, sales tax barriers, 
income tax difficulties, transport shortage, 
to mention only a few, are among the con- 
tributory causes that have hampered export 
expansion. 

The Government has accepted the recom- 
mendation of the Committee that special 
steps should be taken to develop and promote 
Indian export trade. An export drive, 
however, can be successful only if the volume 
of internal production expands. The pro- 
duction of exportable cash crops is to be 
encouraged, at the same time securing 
adequate production of food crops. Export 
control is to be further liberalized, parti- 
cularly with regard to manufactured goods. 
Processing and re-export of goods of soft 
currency origin are to be encouraged, and 


steps are to be taken to improve the quality 
of Indian exports to obviate frequent com- 
plaints from overseas buyers on this score. 

These and other measures, important as 
they are, for easing export difficulties and so 
stimulating exports, have to be supplemented 
by others, to some of which the Committee 
has drawn attention. Among them is the 
setting up of an Export Promotion Depart- 
ment to co-ordinate the various aspects of 
export policy, to collect and disseminate 
knowledge on export commodities, to watch 
and supervise the progress of exports, 
provide guidance to exporters, and to take 
all measures necessary for the spread of 
Indian trade by publicity in all its forms 
without and within the country. For the 
collection of information from abroad, the 
main source will be the Trade Commissioners 
in various countries, whose principal function 
is clearly the nursing and expansion of export 
trade. Market research into tastes is not 
considered so important at the present stage, 
and surveys by agencies primarily concerned 
with exporting special articles, supplemented 
by a continuous flow of knowledge through 
Trade Commissioners should prove adequate. 

India's exportable commodities form an 
impressive list, and include such items as 
jute manufactures, tea, cotton piecegoods, 
raw jute, oils and oil seeds, raw cotton, hides 
and skins, mica, shellac, sugar, coal, spices, 
manganese and other ores, cottage industry 
products, fruits, nuts and vegetables, horns 
and hoofs, crushed bones, tyres and tubes, 
manufactures of wood and timber, fish, 
pharmaceutical products, tobacco, chillies, 
magnesium chloride, vegetable products 
( vanaspati ), myrobalans, carpets, raw wood, 
coir matting, aluminium utensils and tanned 
hides. A list of this type is of a fluctuating 
character. Commodities like indigo and 
madder, which were once prominent among 
exportable commodities, no longer figure in 
it. The position of a few others is threatened 
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with synthetic rivals. The export position 
of a good many is capable of being strength- 
ened by improvements in quality, standard- 
ization, by processing them into finished 
products before export, or by other means. 
New items of exports can he searched out 
and added to the list from among India’s 
variegated natural resources. 

The Export Promotion Committee, faced 
with the problems of the present, have not 
discussed in detail one essential prerequisite 
for any long-term planning of export promo- 
tion. We refer to the role played by scientific 
research in stimulating export trade. History 
of industrial development since the time of 
the industrial revolution is replete with 
instances which show that science has in- 
fluenced the trend and pace of trade and 
commerce. Trade has its problems ; and 
every year these increase instead of becoming 
less. New industrial wants come to light 
and have to be met. New materials have to 
be produced. The raw materials of industry, 
provided by Nature, are highly complex, 
and a full understanding of their fundamental 
nature, properties and reactions are essential 
for their optimum utilization in trade and 
commerce — an understanding revealed only 
through scientific investigation and research. 

A proper scientific assessment of India’s 
raw materials and their potentialities is a 
desideratum for any long-term programme 
of export. In this connection mention may 
be made of such an attempt by the Council 
of Scientific & Industrial Research in 
compiling the Dictionary of Economic Pro- 
ducts S' Industrial Resources of India. This 
work would constitute a useful guide not 
only to the administrator concerned with 
the study of exportable products but also 
to the trader himself. Further, it is high 
time that the Government of India brings 
out a publication listing in brief the various 
available materials, their potentialities for 
export, and the controls to which they are 
subject. This publication would be on lines 
of ih^Raw Materials Guide published periodi- 
cally by the Board of Trade in the United 
Kingdom. 

The value of resources for export can be 
considerably enhanced through the appli- 
cation of science. Reference has been made 
to standardization and quality control in the 
preceding paragraphs. It should be remem- 
bered that failure to keep up standards, even 
in a few cases, is likely to affect the reputa- 
tion of Indian goods as a whole, and injure 
the country’s trade. Instances of complaints 


from consumers regarding sub-standard pro- 
ducts are numerous, and any one engaged 
in listing India’s exportable commodities 
cannot but feel amazed at the large number 
of them subject to gross and wilful adultera- 
tion. Modern industry, involving mecha- 
nized processes, demands raw materials of 
invariable quality, and consumers, unless 
assured of steady supplies of standard 
materials, are forced to seek substitutes, 
preferably factory made, of proved and 
dependable quality. 

The threat to natural products from 
synthetics is ever present, and it behoves all 
producers of primary products to remember 
the fate of the natural indigo industry and 
profit by history. Japan met the situation 
created by synthetic camphor which threat- 
ened to ruin her natural camphor industry 
by invoking the aid of science not only to 
improve the efficiency of production but 
also to build up a formidable consuming 
industry, and improved her position as an 
exporter of camphor and camphor products. 
Among other industries based on scientific 
research which have secured for Japan an 
invincible position in the export trade are 
the sericulture industry and the artificial 
pearl industry. Science can, therefore, help 
in improving the raw materials of industry 
and strengthen export trade. Jute is now 
India’s best dollar earner, and scientific 
research should be directed towards increas- 
ing the yield and quality of jute. Recent 
reports from Calcutta indicate the great 
possibilities for jute improvement by X-ray 
irradiation. Any promising approach to 
improvement, such as to the one indicated 
by X-ray irradiation, should be pursued with 
vigour to its logical conclusion, and more 
and better jute should be produced. Similar 
investigation with other economic products, 
cotton and oil seeds for instance, are equally 
important from the export point of view. 
The production of oil seeds with higher oil 
contents or better size characters would 
enhance their export possibilities. Similarly, 
barley with improved malting qualities 
would provide an expanding export market 
for Indian barley, the demand for which has 
now greatly diminished. 

The export value of a material is enhanced 
through processing it into a finished or semi- 
finished product and exporting the treated 
material. An instance in point is raw hides 
vs, tanned leather. There is no reason why, 
through the application of knowledge revealed 
by scientific research, raw hides should not 
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be processed in India to yield finished leather 
equal in quality to the best produced any- 
where in the world. Another item demanding 
attention is monazite, the chief source of 
thorium and rare earth metals, which was 
being exported as such, until recently, for 
being processed elsewhere. It is needless to 
stress the potential value of the mineral 
which occurs in abundance in Travancore 
beach sands and the considerable enhance- 
ment in its export value if processing is 
undertaken in India. 

Research may suggest new items of export. 
The export possibilities of Isafgul, for which 
there appears to be a demand in America, 
have been indicated in a recent note from 
the Commerce Ministry. There are similar 
possibilities for many other materials as re- 
vealed by literature research undertaken by 
the Council of Scientific & Industrial Research. 

It is manifest from this cursory survey 
that scientific research can help not only in 


assuring and improving the export value of 
Indian products, but also in revealing new 
possibilities for export. The processes which 
the trained research mind employs in tackl- 
ing a problem, namely “ gets history of 
problem ; surveys literature ; defines prob- 
lem ; studies attack ; suggests solution ; 
determines needed data ; selects methods ; 
outlines programmes ; tests solvability ; veri- 
fies findings ; collects data ; systematizes 
data ; analyses data ; appraises results ; 
makes deductions ; reaches conclusions ; tests 
conclusions ; and plans developments pro- 
vides a guarantee that a clearly stated 
problem — export promotion of Indian pro- 
ducts. in this case — can be tackled 
satisfactorily through the help of science. 
Strengthen science, you strengthen export 
possibilities. Research establishments in 
this country, in co-operation with chambers 
of commerce, can provide answers to many 
problems facing trade and commerce. 


Characteristics of the Ionosphere 
over Calcutta (September 1949) 

S. S. BARAL. R. K. MITRA, D. C. CHOUDHURY, 
(Mrs.) T. K. BHAR & A. P. MITRA 

Wireless Laboratory, University College of Science, Calcutta 


HE following are the ionospheric data 
observed at Calcutta for the month of 
August 1949. 

Fig. 1 represents the mean hourly 
values of the penetration frequencies of the 
E and Es regions and the penetration fre- 
quencies and virtual heights of region Fj in 
graphical form. The figures are obtained 
from average values of the data taken for 
each hour of the day for 5 days a week. 
Fig. 2 gives the prediction of the maximum 
usable frequencies which can be used for 
different distances of transmission by reflec- 
tion at the F region over Calcutta for the 
month of December 1949. Table I gives 
the different occasions during routine obser- 
vation when sporadic E ionization was 
observed and the values of the corresponding 
frequencies and heights. 


Sporadic E ionization was found to occur 
less frequently in this month than in the 
previous one. Absorption of normal E 
echoes at mid-day was also less. The beha- 
viour of region Fg was found to be normal in 
this month. 
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600 
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11.00 
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17.00 

4-25 
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190 


4 3 t2 m 2i 
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5 HR. 54 MIN. AHEAD OF G.M.T. ; 
Fig. 1 — September 1949. 




LOCAL MEAN TIME 

At point of reflection. 

( 5 HR. 54 MIN. AHEAD OF G.M.T. ) 

1 — Predicted M.U.F. via F, layer, 
December 1949. 
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United Nations Research Laboratories 


T he United Nations Economic and 
Social Council, at its 33rd and 34th 
meetings in 1946, passed the following 
resolution : 

“ The Economic and Social Council, 
considering : (1) That a certain number of 
research activities can only be conducted 
in a rational manner on an international 
scale ; (2) that many branches of scientific 
research connected with the promotion of 
human knowledge, and especially with 
public health, would yield considerably 
more effective results if they were con- 
ducted on an international plane, invites 
the Secretary-General to consult UNESCO 
and other specialized agencies concerned 
and to submit to the Economic and Social 
Council a general report on the problem 
of establishing United Nations Research 
Laboratories.’* 

Following this decision, the Secretary- 
General opened an enquiry on the problem 
of establishing " United Nations Research 
Laboratories In accordance with the 
terms of the resolution, it was felt that in 
addition to UNESCO, which was specifically 
mentioned in the resolution, the following 
agencies were to be considered as specially 
interested in this problem : the World Health 
Organization, the United Nations Food 
and Agricultural Organization, the Inter- 
national Labour Organization and the Inter- 
national Civil Aviation Organization. The 
enquiry was subsequently extended to inter- 
national and national organizations and 
eminent scientists. 

Though opinions differ as to the specific 
purpose to be served by the U.N. labora- 
tories, the majority of those consulted were 
in favour of the principle of international 
research and the setting up of a system of 
U.N. research laboratories. This view is based 
on the following considerations : (1) Small 
countries find it impossible, for financial 
reasons, to carry out research in certain 
fields like astronomy, thermodynamics and 
geophysics which require expensive equip- 
ment and specialized experts ; (2) the U.N. 
research laboratories would be able to work 
much faster, disseminate information more 
efficiently than national institutions and 
eliminate wasteful repetitions ; (3) certain 
problems of international interest could not 


be investigated within the confines of any 
given state ; Arctic and oceanic studies fall 
in this class ; and (4) research in fields that are 
of immediate concern to all nations, or to 
the majority of nations, such as agricultural 
science, medicine and public health are 
facilitated by the establishment of U.N. 
research laboratories. 

The arguments against the establishment 
of international laboratories include the 
following : (1) The expense involved would 
be considerable and the establishment of 
central laboratories would stifle the develop- 
ment of existing research institutions ; in 
this connection the Economic and Social 
Council adopted the view put forward by 
India that nothing should be done that 
might hinder, in any way, the development 
of national laboratories ; (2) it would be 
difficult to secure the necessary talent for 
the international research centres ; this view 
is in sharp contrast with that expressed by 
small nations who feel that international 
laboratories under the United Nations would 
provide the much-needed training facilities 
and thus help them expand their corps of 
experts ; (3) there is not enough scientific 
co-operation in the world at present to justify 
the hopes that nations might allow the 
U.N. laboratories to work freely ; this weak- 
ness of current scientific effort appeared more 
as an argument for rather than against 
further efforts ; (4) certain researches were 
the product of individual reflection ( mathe- 
matical researches, for instance ) which 
could possibly be injured by restrictions 
imposed by collective action ; even here 
particular aspects of the subject required the 
use of extremely complicated and costly 
computation apparatus which is not within 
the means of all countries and so justifies 
the establishment of international centres. 

The general consensus of opinion being 
overwhelmingly favourable to the principle 
of international research, the formation of 
a small committee of experts to e^camine, in 
consultation with the specialized a^fencies of 
the U.N., the question of establishlttg inter- 
national research laboratories, and the advis- 
ability of, and appropriate procedure for, 
convening an international conference was 
recommended in a resolution adopted by the 
Council on 9th August 1948. This Resolution 
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was communicated by the Secretary-General 
in September 1948 to the member states 
and the specialized agencies of the U.N. and 
to other international organizations express- 
ing the Council’s desire to be apprised of 
their findings on the problem of establishing 
U.N. research laboratories. By July 1949, 
24 governments had sent in their replies. 

In India, a sub-committee constituted by 
the Advisory Committee for Co-ordinating 
Scientific Work examined the question as to 
which of the U.N. research laboratories and 
observatories could be located in India. 
The following laboratories and research 
stations, in the order of priority, were 
recommended : 

Laboratories — (1) A laboratory of oceano- 
graphy and fisheries ; all the conditions 
required for development of these subjects, 
namely availability of a good harbour ( at 
Port Blair ) , opportunities for collaboration 
with the Nutritional Laboratory and the 
Food Technological Institute, availability 
of all types of water, shallow, deep, very 
deep, etc., and a central position in Asia 
are all available in India ; (2) nutrition and 
food technology laboratory to collaborate 
with the already existing Nutrition Research 
Laboratory at Coonoor and the Central 
Institute for Food Technology at Mysore, 
on the one hand, and the international 
chain of such laboratories, on the other ; 
(3) computing laboratories ; there were im- 
portant centres of work in both mathe- 
matical physics and mathematical statistics 
in India to justify the location of such a 
laboratory. 

Research Stations — ( 1 ) Institute for research 
on tuberculosis ; (2) study of life and re- 
sources of humid zones ; India can offer the 
proper background for such an institution 
and would welcome the setting up of a zonal 
station ; (3) an institute for human biological 
and genetical analysis ; the ancient land of 
India has been the home of many races and 
can offer unique facilities for studies in this 
field ; (4) institute and stations for the 
study of arid zone ( desert and arid tropical 
zones ). 

Several governments transmitted com- 
ments from their national scientific establish- 
ments. The Athens National Polytechnic 
Institute felt that there should be a clearing 
house of information. The Norwegian Re- 
search Council was in favour of setting up 
international laboratories to deal with oceano- 
graphy and fisheries. The Royal Society 


of London considered that the creation of 
new research institutes in certain regions 
was necessary for the advancement of such 
subjects as marine biology of the Pacific 
and Indian Oceans. The Norwegian insti- 
tutes recommended the establishment of 
a meteorological institute. The National 
Research Council of the U.S.A. recommended 
three projects: (1) an international com- 
putation centre ; (2) an institute of geo- 
medicine ; and (3) a research institute for 
social sciences. The International Astro- 
nomical Union also preferred the creation 
of a U.N. computation laboratory to serve 
all sciences. The Austrian Government 
recommended the creation in Austria of an 
institute of higher biological studies. The 
opinion that no new institution should be 
established which does not meet a need 
clearly expressed by the U.N. as a whole 
was shared by a number of member states. 

The UNESCO report on the subject 
enunciated certain general principles which 
should govern the establishment of inter- 
national laboratories and observatories. The 
following were recommended as first priority 
projects: (1) an institute for the study of 
chemistry and biology of the self-reproducing 
substances, including cancer research ; (2) a 
chain of laboratories in nutritional science 
and food technology ; (3) study of life and 
resources of the humid equatorial zone ; 
and (4) one or more institutes of oceano- 
graphy and fisheries in Asia. 

Recently, the United Nations and the 
UNESCO have named a Committee of Ex- 
perts to advise them regarding the steps to 
be taken to implement the various recom- 
mendations. The Committee, which has 
just concluded a meeting at UNESCO House 
in Paris, has recommended that top priority 
be given to : (1) a central institute of com- 
putation and statistical consultation ; (2) an 
institute of neurophysiology ; and (3) an 
institute of social studies. Other fields of 
science recommended as second priorities 
are : (1) a meteorology institute to serve the 
needs of aviation, agriculture, weather fore- 
casting and radio industry ; (2) an astro- 
nomical laboratory to analyse photographs 
made by observatories throughout the world ; 
(3) an arid zone institute to study the most 
effective methods of turning the world's 
deserts to productive uses and the utilization 
of solar energy ; and (4) a biochemistry 
laboratory to study self-reproducing subs- 
tances such as viruses and genes. 



Scaler Units for Counting Pulses from Geiger- 
Mueller Counters or Ionization Chambers 


SWAMI JNANANANDA 

The National Physical Laboratory, New Delhi 


1. Introduction 

N uclear or radioactive phenomena 
induce electrical impulses in Geiger- 
Mueller tubes and ionization chambers 
and they are rendered easily detect- 
able by means of uni- or multi-stage RC coupl- 
ing electronic circuits. These impulses, being 
originated by radioactive phenomena, are of 
random distribution and consequently there 
are large fluctuations in the intervals between 
them. The shortest time interval being the 
most probable, many of the impulses come 
too close together to be resolved by the 
electrically operated mechanical recorder so 
that even with a fast recorder, capable of 
counting 5,000 periodic pulses per minute, 
there is an appreciable counting loss even at 
50 randoms^. At a high impulse frequency, 
the counting loss will be considerably great. 
In any case, it is essential, therefore, to insert 
a unit or a system of units in order to scale 
down the rate of impulse frequency to a rate 
that is capable of being recorded by the 
electrically operated mechanical counter 
without appreciable error. These units or 
systems of units used to scale down the rate 
of impulse frequency by a fixed ratio are 
known as scaling circuits or simply scalers. 
The scalers are important items of the equip- 
ment of experimental research in nuclear 
physics and radioactivity. 

2. Glassification of Scalers 

There are two principal groups of scalers, 
the one operating on the power-of-two 
principle and the other, which is of recent 
origin, operating on the principle of decimal 
system of scaling. Of the first group there 
have been two types of scaling circuits, the 
one using mercury thyratron tubes based 
on the well-known design of the thyratron 
scale-of-two of Wynn-Williams and others^ 
or a circuit employing 885 Argon-filled tubes 
based on the design of Shepherd and Haxby* 
and the other a form of multi-vibrator 
circuit* of hard vacuum tubes adopted for use 
in scaling circuits. The other group, which 


operates on the principle of decimal system 
of scaling, is of two different types, one 
employing a ring-of-ten circuit or a corabina- 
tion of a ring-of-five circuit with that of a 
scale of two^, and the other type, employing 
three standard scale-of-two units and one 
modified scale-of-two unit, serving as a 
trigger circuit, the coupling between the first 
scale-of-two unit and the second unit being 
via the modified scale-of-two unit*. 

3. Thyratron Scale-of-two 

A scale-of-two consisting of symmetrical 
circuit employing two thyratrons was design- 
ed and constructed by Wynn-Williams*. In 
this arrangement, shown in Fig. 1, when one 
thyratron flashes, its grid loses control and 
positive pulse applied at the input causes the 
other thyratron to flash. Hence its anode 
voltage drops from supply voltage ( 200 volts ) 
to break-down ( flashing ) voltage ( 15 volts ). 
This drop of potential is transmitted to the 
anode of the first thyratron which drops from 
15 volts to approximately —170 volts, extin- 
guishes the flash and the anode potential then 
rises to the supply voltage. In this way the 
impulse renders a transfer of a flash from one 
thyratron to the other. The rise of anode 
potential of one of the thyratrons, which 
takes place after the flash is extinguished, is 
used as an impulse to operate the next unit. 

This type of scaler is used with advantage 
for many purposes, especially in cosmic ray 



Fig. 1 — Thyratron scale-of-two. 
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studies. Its speed, however, being limited 
by de-ionization time of thyratrons is not 
satisfactory for high counting rate. The 
resolution time of these circuits being long, 
if the impulses arrive at comparatively short 
intervals, which occur in the case of impulses 
of random distribution even of low counting 
rate, the circuit may be rendered inoperative. 
These limitations, inherent in the mercury 
thyratron tube scaling system, which forms 
a serious handicap to high rate impulse 
frequency measurements, are overcome to 
some extent in the counter circuit employing 
type 885 argon-filled tubes, because the 
operation of these gas-filled tubes, unlike 
that of mercury thyratrons, is independent 
of the temperature and also their de-ioniza- 
tion time is shorter than that of mercury 
thyratrons. This circuit, however, has one 
disadvantage — it involves the use of coupl- 
ing tubes for arresting the large negative 
pulse and thus preventing the occurrence of 
doubling. 

4. Ar^on-filled Tube Scalers 

A scaling circuit, based on the power-of- 
two principle, employing 885 type of argon 
tubes was designed and constructed by 
Giarratana’ on the principle of the power-of- 
two. Its operative process is similar to that 
of the thyratron scale-of-two. The circuit 
is stable and reliable and is obviously much 
simpler than the Shepherd Haxby circuit 
inasmuch as coupling tubes have been 
eliminated. With this arrangement of scale- 
of-eight, it is possible to obtain records up to 
speeds of nearly 2,000 random pulses per 
minute without much appreciable loss. The 
time constant of the input pulse, however, 
cannot be made adequately small so as to 
choose the resolving time of the first and the 
subsequent stages sufficiently small because 
of the coupling condensers of high capa- 
citance. Therefore, either when the interval 
between impulses is too small, which does 
happen in the case of random ones, or when 
their counting rate is too high, these impulses 
may easily be missed, resulting in appreciable 
counting loss. 

5. Advantages & the Principle of Operation 

of Vacuum Tube Scaling Circuit 

The difficulties associated with mercury- 
thyratron scaling circuits and argon-filled 
tube scaling circuits are overcome in the 
scaling circuits of hard vacuum tubes inas- 
much as they have high speed and stability 
which render comparatively short resolving 


time possible. Vacuum-tube scaling circuits, 
broadly speaking, are based on special appli- 
cation of the principle of retro-action to two 
vacuum tubes, so as to produce two states 
of stable equilibrium. In one state, one 
tube of the pair has low impedance and, 
therefore, is conducting, while the other has 
high impedance and consequently is blocked. 
In the other state, on the other hand, the 
situation is reversed so that the former one 
is non-conducting and the latter is conduct- 
ing. In a design involving such a principle 
of operation, scaling down the rate of 
random impulses to a half is accomplished 
inasmuch as at each incident pulse the 
circuit is tripped from one stable state to 
the other. 

Existing scaling circuits employing vacuum 
tubes are all modifications of the outlined 
scheme with slight differences in the cons- 
tructional and certain operational details. 
The constructional details influence, to a 
considerable extent, the stability, reli- 
ability and the efficiency of a scaling 
circuit. There have been two kinds of 
circuits employing vacuum tubes, one with 
triode valves and the other with pentode 
valves. 

6. Triode Vacuum Tube 

Scaling Circuit of Lewis 

Lewis® has designed a scaling system based 
on a symmetrical circuit of two vacuum 
triode valves having two states of stable 
equilibrium. When a positive impulse is 
applied to the line between the bias rectifiers 
connecting the grids of the two valves, the 
circuit is triggered from one stable state to 
the other. A continuance of the relative 
change of the grid potentials is maintained by 
the inductance of the choke included in the 
circuit so that the stable state which results 
is not the one from which the unit started. 
Thus, successive impulses drive the unit 
alternatively from one state of stable equili- 
brium to the other. A scale-of-eight com- 
prises three of these scale-of-two units, 
followed by a thyratron-operated mechanical 
recorder. 

A scale-of-eight, employing hard vacuum 
valves, is expected to achieve a much higher 
counting rate than the one employing mer- 
cury thyratrons. But Lewis's scale-of-eight 
has a maximum counting rate which is not 
greater than that obtained by the thyratron 
scale-of-eight. The advantage of high speeds 
obtainable by hard vacuum valves could not 
be turned into good account because of the 
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restrictions associated with the coupling 
condenser and the choke. The circuit is 
stable and satisfactory for many purposes. 
It does not involve complex coupling units 
besides simple condensers for its op)eration. 
The employment of specially constructed 
grid bias rectifying units and chokes, how- 
ever, makes the construction of the circuit 
far from simple. 

7. Trlode Vacuum Tube Scaling 

Circuit of Lifschutz & Lawson 

A scaling circuit employing triode valves, 
in which the high speed of such vacuum tubes 
is made use of for obtaining high counting 
rates, has been designed and constructed by 
Lifschutz and Lawson*. A circuit ( Fig. 2 ) 
employing two triode vacuum valves forms 
a scale-of-two unit in which pulses are applied 
to the valve grids in parallel through resis- 
tance-capacity coupling. The first valve of 
the pair is direct-coupled to the other by a 
resistor from its plate to the grid of its mate 
and similarly the second one is direct-coupled 
to the first. Hence the system is symmetri- 
cal. The symmetrical direct coupling causes 
the circuit to have two states of stable equili- 
brium. Input pulses trip the circuit from 
one state of stable equilibrium to the other, 
causing an increase or decrease of the plate 
potential of each valve at alternate pulses. 
An electrical division by two is accomplished 
by the transmission of the plate potential 
changes of the second valve to a thyratron- 
operated mechanical recorder which operates 
only at the positive changes. 

In a multiple-stage scaling circuit, the 
output pulses of the second valve of each 
stage are fed by RC coupling to an additional 
triode valve which is biased past cut-off so 
that only every other pulse is transmitted 
to the next scale-of-two. A scale-of-sixteen 
built by Lifschutz and Lawson comprises 
four such triode scale-of-two systems with 
triode coupling elements followed by an out- 
put stage operating a mechanical recorder. 
This circuit has a high rate of impulse fre- 
quency counting and seems to be stable and 
reliable. It cannot, however, be deemed to 
be simple owing to the complex triode valve 
coupling units. In a scaling circuit of this 
type, if simple triode vacuum tubes are 
employed, the oscillations of the one may be 
picked up by the rest of the stages. It is 
also sensitive to external disturbances. These 
defects, which cause spurious countings and 
render the counting records unreliable, can 
be eliminated by covering the components 



Fig. 2 — Triode vacuum tube scale-of-two 

CIRCUIT. 
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of each stage by a separate grounded metal 
shielding or by employing triodes of the 
metal shell self-shielding type. 

8. Double Triode Vacuum Tube Scale-of-two 

The circuit shown in Fig. 3 has been 
developed at the Department of Physics, 
University of Michigan. It is based on the 
principle of power of scale-of-two, employing 
single double triode vacuum tube instead of 
two single triode vacuum tubes as in the 
circuit of Lifschutz and Lawson. One triode 
of the double triode is direct-coupled to the 
other triode by a resistor from its plate to 
the grid of the other one, and likewise the 
second one of the double triode valve is 
direct-coupled to the first triode of the double 
triode vacuum tube so as to form a symme- 
trical system having two states of stable 
equilibrium. The design of this circuit is 
similar to that of Lifschutz and Lawson 
except for certain constructional details. 
The modification in the constructional details 
of this circuit is initiated by the fact that in 
this case, a single double triode vacuum 
tube is employed instead of two triode valves. 
Owing to the use of improved type of double 
triode vacuum tube and other components, 
this circuit allows higher resolution and 
better reliability than that of Lifschutz and 
Lawson. 

In a multiple power of scale-of-two, the 
output of the second half of each stage is 
transmitted by RC coupling to the grid of an 
additional triode vacuum tube which is 
biased past cut-off so as to permit trans- 
mission of every other pulse to the next 
stage. 

A scale-of-sixty-four comprising six units 
of this type of scale-of-two, joined together 
in cascade and each unit provided with a 
neon lamp across the right-hand anode of the 
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double triodes in each of the six units for 
interpolation, was employed by the present 
author^® for the measurement of beta- 
disintegration energies of antimony^^*, tanta- 
lum^®*, tungsten^®® and iridium^®*. The first 
unit of scale-of-two has a resolution time of 
less than 2 microseconds. The scale-of-sixty- 
four circuit with a mechanical recorder 
having a speed of 20 counts per second has 
an efficiency of 99 per cent at a counting 
rate of 1000 counts per minute. 

9. Alfven’s Triode Vacuum 

Tube Scale-of-two 

The circuit of scale-of-two employing triode 
vacuum tubes is shown in Fig. 4. It was 
designed and constructed by Alfven^^. It is 
simpler than the other designs described 
before. The principle of its operation is 
similar to that of the other circuits of scale- 
of-two employing triodes. It, however, differs 
from them in certain constructional details. 
Unlike Lewis circuit, neither cuprous oxide 
rectifiers nor chokes are employed in this 
circuit. An addition of two or more of 
these scale-of-two units of this design into 
a single system of multiple stages does not 
seem to involve triode valve coupling systems 
between the stages, unlike the multiple-stage 
scaling circuit of Lifschutz and Lawson. 

This circuit, like the former, has two 
states of stable equilibrium. In one state, 
one tube is blocked and the other is conduct- 
ing, while in the other state the situation is 
reversed. Positive pulses, applied to the 
line between the “ condenser-resistance grid- 
biases coupling trip the circuit from one 
state of stable equilibrium to the other and 
the resulting positive pulse from the plate 
through an auxiliary by-pass CR coupling 
drives the circuit in an opposite state after 


the tripping pulse is over. It is these condi- 
tions that render an electrical division by 
two possible. Impulses are transmitted from 
the plate of one of the valves through a RC 
coupling to a thyratron circuit which operates 
a mechanical recorder. A further scaling 
may be obtained by adding two or more 
scale-of-two units by directly connecting the 
output of one stage to the input of the next 
without coupling units. 

Alfven has mentioned neither the highest 
obtainable counting rate nor the efficiency of 
its performance in his publication. With 
his counter circuit, he obtained records of 
about 200 counts per minute and this rate 
obviously is too low for nuclear measure- 
ments. He points out, however, that higher 
counting rate may be obtained by this unit. 

10. New Model Double 

Triode Valve Scale-of-two 

One of the latest models of scaler, employ- 
ing a single double triode and one double 
diode, was designed and constructed by 
Higinbothams, Gallagher and Sands^*. The 
circuit, shown in Fig. 5, is based on Eccles- 
Jordan circuit^®, modified and symmetrically 
coupled to a single source of triggering by 
means of diodes. The circuit is triggered 
alternatively from one state of stable equili- 
brium to the other by successive identical 
triggers. The two diodes used in the circuit 
ensure a definite switching over from one 
state of stable equilibrium to the other and 
prevent any triggering operation by pulses 
of wrong polarity. The two halves are 
mutually direct-coupled by resistors from 
the plate of the one to the grid of the other, 
and similarly from the plate of the second 
to the grid of the first as in the double triode 
vacuum tube scale-of-two circuit. The sym- 
metrical coupling induces a large measure of 
stability which is enhanced by the self- 
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Fig. 5 — T-1 and T-2-6H6. T-3 and T-4-6 SNT. 
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biasing arrangement in the cathode circuit 
of the double triode. The symmetry of the 
arrangement which causes the circuit to be 
driven by successive impulses from one 
state of stable equilibrium to the other 
together with the unilateral switching action 
by the two diodes accomplishes an electrical 
division into two. 

A scale-of-sixty-four, comprising six units 
of this model of scale-of-two was built by 
the authors. The first scale-of-two unit, 
employing 6 SN7 type, has a resolving time 
of 2 to 5 microseconds depending upon 
the method of joining the different units 
while the subsequent units, employing 6 
SL7, have a resolving time of 20 micro- 
seconds. The circuit is simple, requires no 
adjustment and operates reliably. 

11. Pentode Tube Scalers 

Scalers employing pentode tubes were 
developed by (1) Stevenson and Getting^^, 
(2) Reich^^ and Frisch^®. These scaling cir- 
cuits, like the triode vacuum tube scaling 
systems, are designed so as to apply the 
principle of retro-action to two vacuum 
tubes. Their constructional and operational 
details, however, differ to a great extent 
from those of triode vacuum tube scaling 
circuits. With pentode vacuum tubes, a 
thorough control over the operation of the 
scaling system, so as to obtain high efficiency 
and reliability, is more easily obtainable 
than with triode vacuum tubes. With 
pentode vacuum tube scaling circuits, under 
certain conditions which are easy to realize, 
metal screening elements of the tubes and 
the grounded metal shielding walls between 
the stages may be omitted without impairing 
the insensitivity of the circuit to external 
disturbances. 
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12. Pentode Tube Scaling Circuit of 

Stevenson & Getting 

Stevenson and Getting^* devised and cons- 
tructed a circuit employing pentode tubes 
for scaling down counting rates. The cir- 
cuit shown in Fig. 6, in its essentials, consists 
of two pentode vacuum tubes with a sym- 
metrical arrangement of two sets of resistors 
across which a combination positive plate 
supply and negative grid bias is applied. 
The circuit has, of course, two states of 
stable equilibrium ; in one state one tube is 
conducting and the other tube is non-conduct- 
ing, while in the other state the position is 
reversed so that the latter is conducting 
and the former is blocked. Two additional 
pentode vacuum tubes and condensers for 
cross coupling are employed in the circuit. 
The grids of the additional tubes are normally 
negatively biased and the plates of the pair 
are connected to those of the scaling pair. 
A positive pulse, applied to the grids of the 
additional pair, trip the circuit from one 
state of stable equilibrium to the other, 
so that the initially conducting becomes 
non-conducting and the initially non-con- 
ducting becomes conducting. The next 
incident pulse which enters the second 
tube of the additional pair, connected to the 
present conducting tube, trips the principal 
scaling pair back to the original position. 
Thus, successive incident pulses repeat the 
process. The resulting alternate positive 
potential changes of either one of the tubes 
of the principal pair are transmitted direct- 
ly to the circuit of the mechanical recorder. 

A scale-of-thirty-two, comprising five of 
scale-of-two units, directly connected in 
series, finally followed by an output stage, 
operating a mechanical recorder, was cons- 
tructed by Stevenson and Getting^^. The 
scaling circuit is efficient, stable and reliable 
and has a high resolving power. It is not 
simple and employs four pentode vacuum 
tubes for each stage. The circuit is not 
insensitive to external disturbances and 
hence the sensitive parts of the circuit need 
adequate shielding. 

13. Reich Pentode Vacuum Tube 

Scaling Circuit 

A scale-of-two circuit which is a modifica- 
tion of a trigger circuit^’ whose operation is 
based upon the principle of retro-action 
between two tubes, has been described by 
Reich^®. The circuit, shown in Fig. 7, is 
simple in design and, unlike the circuit of 
Stevenson and Getting, requires only two 
pentode vacuum tubes. 



476 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIII, No. 12 



Fig. 6 — T^, T„ and T 4 = Type 57 . 
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Fig. 7 — Tj — Type 57. T,~-6J7. 
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An operation of scaling is based upon 
triggering action. In this circuit the coupl- 
ing is obtained by means of suppressor grids 
through a symmetrical arrangement of con- 
denser-resistance by-passes. Input negative 
voltage pulses are applied to the control 
grids. The screen grids are normally at a 
positive potential, and the suppressors at 
cathode potential. The circuit is very 
sensitive to negative voltage pulse, and is 
altogether insensitive to pulses of positive 
potential. A current transference from the 
tube 1 to the tube 2 presents a negative 
pulse, while its transference from tube 2 
to tube 1 a positive pulse. It is because of 
these characteristics that, firstly, an electrical 
division into two may be accomplished and, 
secondly, one stage may be coupled to the 
next without the use of coupling units and 
rectifiers. 

The design of this scaling circuit is simple. 
It operates on a total voltage of about 45 


volts. In this circuit the input pulses are 
applied to control grids which are by far the 
more sensitive than the rest. Hence, it has 
a high degree of sensitivity which may be 
turned to useful account in cases where the 
amplitude of the incident pulses is very 
small. In cases where the electrical counter 
pulses are amplified, equalized with amplitude 
rightly adopted, such a high degree of sensi- 
tivity is not of any special value. This circuit 
is not insensitive to external disturbances. 
Therefore, it may easily pick up stray elec- 
trical oscillations and thus may give spurious 
counts. To eliminate these defects, the 
tubes and the sensitive components are to 
be adequately screened by grounded metal 
shields and the components of each stage 
are to be shielded from those of every other 
stage by grounded screening metal walls. 

14. Frisch Pentode Vacuum Tube 

Scale- of- two 

A pentode vacuum tube scaling circuit can 
be rendered practically insensitive to external 
radio frequencies and other external dis- 
turbances by keeping the control grids at 
earth potential. In this case the triggering 
pulses which trip the circuit from one stable 
condition to the other are applied to the 
suppressors. A scale-of-two with these modi- 
fications and with certain changes in the 
constructional details was developed by 
Frisch^®. The principle of this scale-of-two 
circuit is not different from that of other 
vacuum tube scaling circuits. It differs from 
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the rest in the constructional details which 
influence the operation and the efficiency of 
the circuit. The circuit, shown in Fig. 8, 
consists of two pentode vacuum tubes, Syl- 
vania 57 type, the coupling between them, 
essential for retro-action, being through 
screening grids and the pulses being trans- 
mitted to the suppressors in parallel. 

The current through the resistor is the 
plate current of the tube I and the screen 
current of the other, while that through the 
resistor Rg is the plate current of the tube II 
and the screen current of its mate. With a 
condenser C in parallel, the resistors R3 and 
R4, separately connected to the cathode of 
either one of the valves, the two scaling 
tubes are individually self-biased, while with 
the resistor R5, the pair is self-biased in 
common. The symmetrical arrangement of 
the direct-coupling permits the circuit to have 
two states of stable equilibrium ; in one 
state one tube is conducting and the other 
is non-conducting while in the other the 
condition is reversed. 

A negative pulse applied to the suppressor 
trips the circuit from one state of equilibrium 
to the other. Each time the circuit is trig- 
gered by an input pulse, the current released 
through the individual self-biasing system 
with a condenser in parallel, provides for a 
time, t = (R3-f-R4).C, a bias to the control 
grid in excess to the common bias furnished 
by the current through the resistor Rg. The 
time constant of the individual self-biasing 
units with the condenser in parallel 
( R3-fR4 ).C is so chosen as to let the addi- 
tional bias survive the triggering pulse. The 
extra negative bias on the control grid, 
which lasts longer than the triggering pulse, 
drives the circuit into the reverse state after 
the pulse is over. The transmission of 
successive pulses of negative potential repeats 
the process, producing in each tube plate 
alternate positive and negative potential 
changes. A transmission of these potential 
changes of either one of the tubes into 
a thyratron-operated mechanical recorder 
which is sensitive only to the positive poten- 
tial pulses, accomplishes a scaling down of 
the counting rate to half the value. 

The circuit is quite sensitive to negative 
pulses. Pulses of positive potential are, 
however, ineffective as they are absorbed by 
electron current. It is because of these 
characteristics that two or more of these 
systems may be joined in series without 
coupling vacuum tube units to obtain mul- 
tiple power-of-two circuit. Frisch described 


a scale-of-eight circuit comprising three such 
scale-of-two units, joined together in series 
and followed by a thyratron-operated me- 
chanical recorder. In this system the alter- 
nate negative plate potential changes of one 
of the tubes of the preceding unit are directly 
transmitted to the one immediately succeed- 
ing it. 

Frisch scale-of-two is simple in design and 
easy to construct. The circuit can be brought 
into working order within a reasonably short 
period. It does not need coupling valves or 
other complicated coupling units. It has, 
above all. the advantage over others of being 
practically insensitive to external distur- 
bances and yet adequately sensitive to trip- 
ping pulses of comparatively low potential. 

15. Pentode Vacuum Tube Scale-of- sixteen 

A circuit of pentode vacuum tube scale-of- 
sixteen, involving such modifications in the 
constructional details which render it quite 
sensitive to electrical counter impulses but 
practically insensitive to external distur- 
bances, was constructed by the author'® for 
using it in the measurement of the intensity 
distribution with momentum of beta rays of 
uranium X]® and radioactive isotope of 
gold®®, 79Au'®®. The circuit, shown in 
Fig. 9, which is based upon the Frisch scale- 
of-two, comprises four of these scale-of-two 
units, placed side by side connecting -f to -f, 
— to — , and output to input, followed by a 
thyratron-operated mechanical recorder with 
an extra pentode valve operating visual 
indicator for interpolation. 

The operation of the scaling circuit is deter- 
mined by the amplitude, the resolving time 
and the abundance of higher harmonics of 
the input pulses. Pulses of very low ampli- 
tude are incapable of tripping the circuit 
from one state of equilibrium to the other. 
The amplitude should be adequately large, 
and for the range of such amplitudes of input 
pulses, the circuit must be provided with a 
balancing self-biasing system common to the 
pair of scaling tubes. Pulses of much larger 
amplitude which exceed the limit, knock 
down the individual self-bias in excess to the 
one common to the scaling tubes with the 
result that the system is not forced to the 
reverse state of equilibrium after the pulse is 
over. Therefore, the circuit, though operates, 
is incapable of proper scaling action. 

Since the individual self-bias, in excess to 
the one common to both, should survive by 
tripping pulse in order to urge the system to 
the reverse state of equilibrium after the 
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Fig. 9 — A circuit of an electrical counter, amplifier scale-of-sixteen with visual indi- 
cator THVRATRON-OPERATED MECHANICAL RECORDER AND THEIR SOURCES OF POWER SUPPLY. 


pulse is over, it is essential that the resolution 
constant (R 3 -fR 4 ).C is larger than the time 
constant RC of the input pulses. But if the 
( R 3 +R 4 )X of the excess of self-bias is too 
long as to survive not only the tripping pulse 
but also the arrival of the immediately 
succeeding pulse or pulses, the latter will not 
be counted separately. 

The operation of the scaling circuit may be 
considered to be depending also upon the 
abundance in higher harmonics of the input 
pulses. A pulse is said to be abundant in 
higher harmonics if it has either a steep rise 
or a steep fall. Such a pulse with a clear-cut 
and definite effective front has a well-defined 
tripping function upon the scaling circuit. 
Consequently, even in high impulse frequen- 
cies, as the tripping actions of the successive 
input pulses do not overlap, pulses abundant 
in higher harmonics contribute a great deal 
to the most satisfactory operation of the 
scaling circuit. 

If these characteristics and the basic prin- 
ciples are realized in the construction and 
assemblage of this multiple power of scale- 
of-two circuit, it will be remarkably simple 
and easy to bring the whole system into 
perfect working order within a reasonably 
short period. 

16 . Ring-of-ten Circuit 

The high counting rate which may be 
obtained by electrical counters of Geiger- 
Mueller type is limited by the mechanical 
counter employed to record the electrical 
pulses. The difficulty is overcome by the 


use of scalers of the group under review. The 
readings given by this group of scalers, how- 
ever, need arithmetical manipulation for each 
run in order to obtain the actual counting 
rate for that run. Scalers which operate on 
the power-of-ten principle obviate this neces- 
sity and render the counting rate measure- 
ment very simple, and hence, are preferable 
to those which operate on the power-of-two 
principle. 

One device, the operation of which is based 
on the power-of-ten principle, is the ring-of- 
ten circuit, designed and constructed by 
Regener^. The design essentially is based 
on the direct-coupled pentode trigger pair 
shown in Fig. 10. This circular pattern con- 
sists of five of these directly coupled trigger 
pairs with two pentodes of each pair forming 
opposite partners of the ring-of-ten circuit, 
shown in Fig. 11. The plate current is 
supplied through plate load resistors, each 
for each plate being of the same magnitude. 
When the plate current is switched on, five 
pentodes are on and five off, the position of 
off and on pentodes being fortuitous, govern- 
ed by slight assymme tries in the circuit. 
This condition, however, is rectified by means 
of coupling resistors of suitable value between 
adjacent plates to ensure that a continuous 
row of five pentodeo are on or off respectively 
as shown in Fig. 11. 

The suppressor of each tube is connected 
to the grounded cathodes through additional 
resistor, and through a condenser to the plate 
of the next. The negatively biased control 
grids receive successive positive input pulses 
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Fig. 11 


of limited amplitude which put the circuit 
successively through its ten states of stable 
equilibrium producing negative pulses at 
the plates of the off-tubes only. When a 
positive pulse is applied to the common 
control grids, four of the off-tubes and one 
of the on-tubes receive a negative pulse on 
their suppressor grids. The off-tubes remain 
unaffected, but the first of the series of 
on-tubes is turned off while its partner on the 


opposite side of the circle in the series of 
ofi-tubes is turned on because of the screen 
plate connections. Thus, each successive 
input positive pulse advances the pattern 
in ten successive steps to complete each 
round of the ring-of-ten circuit, resulting in 
scale down action on power-of-ten principle. 

The ring-of-ten circuit admirably elimi- 
nates additional arithmetical manipulation 
associated with the power-of-two circuits 
in the counting rate measurements. They, 
however, cannot be made very fast because 
of the limitations inherent in the essential 
components. Another serious disa ’vantage 
which these circuits have is that the compo- 
nents have to be critically adjusted for 
bringing it to operation. 

17. Double Triode Vacuum Tube 

Scale- of- ten Circuit 

The difficulties associated with the ring- 
of-ten circuits are overcome in a new design 
of scale-of-ten circuit developed by Taylor 
and also independently by Rotblat and his 
collaborators®. These two scalers operate on 
similar principles. It is, however, considered 
that the circuit designed by the latter author 
permits a greater resolving power and better 
reliability than that suggested by the former 
one since the employment of diodes as 
coupling units ensures unilateral operation 
and allows a greater tolerance of components. 

The device described by Rotblat and his 
collaborators® consists of four units of which 
the first three are the scale-of-two units 
connected in cascade to give a scale-of-eight 
and the fourth a modified scale-of-two unit 
which serves as trigger circuit, the coupling 
being between the first and the second units 
via the fourth as shown in Fig. 12. In these 
units, double triodes, T^, Tg, T 3 , T 4 , connected 
as multi- vibrators, are employed with double 
diodes, Dj, Dg, D 3 , D 4 , D 5 . as coupling units. 
These diodes accomplish unilateral switching 
action so as to permit triggering action by 
pulses only of the right polarit}^ and prevent 
this action by pulses of the other polarity. 

These units receive input pulses of negative 
polarity. When reset relay is put into 
operation, the right halves of the double 
triodes are rendered conducting, and this 
position is designated as the initial state of 
stable equilibrium. Commencing the run 
with all units in this initial state, the first 
pulse will trigger T^ while the second restores 
it to the initial state, producing a negative 
pulse in the output of the first unit which 
will be an input pulse of the second unit via 
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the diodes Dg and Dg. The fourth unit, of 
which Dg is the coupling element, will be 
unaffected by this output pulse inasmuch 
as this unit, which is in a state of equilibrium, 
can be triggered by the pulses coming from 
third unit via D 4 . The second unit will 
operate in the same way by the third and 
fourth input pulses. At the end of the 
fourth pulse, the third unit will be triggered 
into non-initial state of stable equilibrium 
and will continue remaining in the same 
state with the fifth, sixth, seventh and 
eighth pulses at the end of which the unit 
retro-acts to the initial state of equilibrium. 
In this retro-action, it transmits a negative 
pulse via D 4 to the fourth unit, thereby 
tripping it to the non-initial state. The 
ninth pulse acts on the first unit in the same 
way as the first. But the tenth operates 
only on the fourth unit since the upper half 
of Dg is cut-off resulting thereby that no pulse 
is transmitted to the second unit. The 
tenth pulse will give rise to a negative pulse 
on the output of the scaler and all units at 
the same time will be driven to the initial 
state of equilibrium ready for the next cycle 
of ten pulses. In this way scaling action in 
the first power-of-ten is obtained. Higher 
powers of scale-of-ten circuits comprise of 
two or more units of scale-of-ten joined 
together in series. 


18. Interpolation 

The number of counts for a run may not 
be an exact multiple of the scaling ratio. 
The actual number of counts scored by the 
counter over and above the counts recorded 
by the mechanical recorder is obtained by 
any one of the methods of interpolation. 
There are four of these, known as the meter 
method, the electron eye ** method, the 
neon lamp method, and the neon indicator 
method. These methods are useful not only 
for determining the number of counts scored 
by the counter over and above the counts 
indicated by the mechanical recorder but 
also for observing and checking the individual 
performance of each stage of the multiple 
stage scaling system. 

The Meter Interpolation Method — The 
meter method transmits a portion of the plate 
current from one of the tubes in each stage 
to a common milliammeter. The contribu- 
tion of the first stage is adjusted by the choice 
of a suitable resistor to one unit, that of the 
second to two units, the third to four units 
and so on, according to the number of scale- 
of-two stages employed in the multiple stage 
system. At the commencement of a run, 
all the tubes feeding the meter are set at a 
non-conducting equilibrium. Hence the meter 
reading is zero. After the arrival of the 
first pulse, the tube of the first stage feeding 



Fig. 12 — Circuit diagram of scale-of-ten unit. 
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the milliammeter becomes conducting so 
that the meter records one unit. Then, with 
the second input pulse, while the tube of the 
first stage connected to the meter ceases to 
be conducting, the tube of the second stage 
connected to the meter becomes conducting. 
The meter, therefore, having drawn from the 
tube of the second stage twice as much as 
that drawn from that of the first stage, 
records two units indicating that two pulses 
have been scored. Similarly, with successive 
pulses the meter reading goes up in uniform 
steps and falls back to zero when the number 
scored has reached the scaling ratio. 

The ** Electron Eye** Interpolation Me- 
thod — The “ electron eye ** method of inter- 
polation employs electron ray tubes, one 
tube being direct-coupled to each scale-of-two 
stage. In this method, the number assigned 
to that scale-of-two stage is added to the 
reading of the mechanical recorder when 
the “ eye ” of the tube belonging to that 
stage is opened. The additional number of 
counts scored over the counts recorded by 
the mechanical counter can be more easily 
read by the meter method than by the 

electron eye " method. This method, 
however, has the advantage of being extreme- 
ly fast and of not reacting on the scaling 
circuit. 

The Neon Lamp Interpolation Method — 
This method employs miniature neon lamps 
in each unit of scale-of-two of the multiple 
power of scale-of-two unit for interpolation. 
These lamps are connected across the left- 
side anodes or right-side anodes of each of 
the double triodes in each of the multiple 
units, depending uix)n the type of circuit 
connections ( see Fig. 3 and Fig. 12 ). These 
lamps are lit every time its coupled triode is 
driven to non-conducting state. These neon 
lamps correspond to the number of counts 
1, 2, 4, 8, 16 and so on, and the sum of these 
numbers assigned to the neon lamps lit gives 
the number of pulses scored over and above 
the number recorded by the mechanical 
counter. The actual number of counts for 
a given run is, therefore, the sum of impulse 
counts scored by the neon lamps lit and the 
counts recorded by the mechanical counter. 
This method is very fast and reliable. It 
does not react on the scaling circuit. In this 
method, the circuit connections are simple 
and straightforward. 

The Visual Indicator Method of Interpola- 
tion — The visual indicator method consists 
of a neon visual tuning tube ( Tuneon ", 
General Electric Company, England), whose 


long-wire electrode is placed in the plate 
circuit of an additional pentode vacuum tube 
" Sylvania " 57 type, its grid bias being 
connected through suitable resistors to the 
plate of one of the tubes of each one of the 
four scale-of-two stages as shown in Fig. 9. 
It is essential that these coupling plate 
resistors from the first to the fourth scale-of- 
two stage are in the ratio of 8 : 4 : 2 : 1 in 
order to obtain a glow discharge of the wire 
electrode growing up in equally measured 
steps with each input pulse. 

At the beginning of a run of the scaling 
circuit, when all the tubes feeding the grid 
bias of the additional valve coupled to the 
visual indicator are set at non-conducting 
equilibrium state — since there is no excess of 
bias added to the normal grid bias of the 
additional valve — the grid potential is a 
minimum and consequently the plate current 
drawn by the long-wire electrode is also a 
minimum. In this stage, therefore, the glow 
discharge of the electrode, like a spot, is 
localized at the foot of the wire electrode. 
As the first input pulse trips the circuit, the 
valve of the first stage, connecting the grid 
bias of the additional valve, becomes con- 
ducting so that its plate current which passes 
through the resistor will be an additional 
bias in excess to the normal bias. Thus 
successive pulses render the tubes of the 
successive stages, connected to the grid bias 
of the valve coupled to the visual indicator, 
one after another, conducting. Therefore, 
with each input pulse, the grid bias of the 
valve, coupled to the visual indicator, is 
increased in equal steps in excess of the 
normal bias, and consequently also the grid 
ix>tential in equal steps, so that with the 
input of each pulse the length of glow dis- 
charge of the wire electrode increases in 
equal measures. In this way the length of 
the glow discharge of the wire electrode 
keeps on increasing in equal measures until 
the number of counts scored reaches the 
scaling ratio, when the thyratron flashes and 
operates the mechanical recorder. Then the 
tubes of the four scale-of-two stages con- 
nected to the grid bias of the additional valve 
of the visual indicator are once more in the 
non-conducting equilibrium state, the grid 
bias and the grid potential run down to their 
initial values and consequently the glow 
discharge of the wire electrode falls down to 
the zero position. If the fall length of the 
glow discharge of the wire electrode is cali- 
brated into divisions, each division corres- 
ponding to the length of the glow due to each 
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input pulse, the number of counts scored 
over and above the counts indicated by the 
mechanical recorder can be directly read 
from the visual indicator tube divisions. 
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Market Quality of Rice 

E. J. VERGHESE 
Agricultural Research Institute, Coimbatore 


T aste and flavour on which quality of 
foodstuffs greatly depends are difficult 
to define and are to some extent based 
on common beliefs and prejudices. 
It is generally believed that short duration 
varieties of rice are poorer in quality than the 
long duration varieties, because they are 
assumed to remove less of plant food from 
the soil. In South India the short duration 
Kuruvai or Kar varieties are not valued as 
much as the long duration Samba varieties. 
Similarly, in Bengal it is held that Aus rice 
( Indrasail, Dudahar, latisail, jingasail, nagra, 
etc.) are inferior to Aman varieties ( Charnock, 
dhairal, Kumari, Chutmuri, etc.). Irrigated 
rice crop is reported to be poorer in quality 
than the dry one. Parboiled rice has been 
proved to be of greater nutritive quality.^"^^ 
Yet it is considered by some as not 
good though wholesome Quality 
varies also with regions. The long, slender 
and fragrant rice grown in the United Pro- 
vinces or the Punjab is not appreciated in 
South Incha, while a parboiled, hand-poimded 


rice, red or reddish yellow in colour, popular 
in Bengal, Bihar and Orissa, is not considered 
good in other part? of Northern India. 

With such wide variations in personal 
factors and the fact that nearly 7,000 varie- 
ties of rice are cultivated all over the world 
under varying climatic conditions and cultural 
operations and processed to suit different 
markets and trades, it is not surprising to 
find in the rice market innumerable trade 
descriptions, varieties and grades. Rices 
pre fine, medium or bold, raw and parboiled, 
machine milled and hand pounded. In most 
of these kinds translucency, fragrance, uni- 
formity in size and shape, age or maturity 
and cooking quality are some of the more 
prominent quality factors. Added to this 
are considerations of a more general nature 
like the proportion of foreign matter, red 
grains, damaged or defective grains, etc. A 
natural translucency and fragrance, which 
persists even after cooking, as for example, 
in the Basmaties of the United Provinces and 
the Punjab, Chimur in the Balaghat district 
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of the Central Provinces and Ambemohar 
of Bombay ; a suitable colour, white being 
generally preferred, are other desirable 
factors of quality in rice. 

Rices are usually graded on the above 
considerations. The quality characteristics 
of some special grade Agmark rices analysed 
by the writer are summarized in Table I. 

It will be seen that the grading is more 
empirical than scientific. A scientific system 
of rice grading is still a desideratum. 

Generally speaking, quality is also gov- 
erned by the use to which the rice is 
ultimately put. The utilization « f rice is 
illustrated in Fig. 1. It is evident that 
rices required for different uses demand 
different quality grades. To illustrate : 
rice required for the laundry oi textile 
industry is of a different quality from that 
used for seed. Even in the case of human 
consumption, special quality rices are re- 
quired for the ever so many preparations in 
which rice is consumed. 

For consumption, as plain boiled rice, 
which is by far the most outstanding use 
of rice, quality is generally based on the 
size and shape characteristics of the grain. 
The size characteristics of the common rices 
are illustrated in Fig. 2. Of the several 
grain sizes illustrated, three important groups 
are prominently distinguished in the ma^ ket- 
ing of rice, viz. fine, medium and coarse. 
Other factors being equal, fineness or 
slenderness is indicated by a fairly high 
length to breadth ratio and small size and 
this singly or in combination with other 
desirable characteristics places rice high in 
its market quality. 

In the above paragraphs an attempt 
has been made to define and illustrate 
the market quality of rice — rice which is 
at present the most important article of 
diet in South-east Asia. Rice forms the 
staple food of nearly half the people of 
the world, and scientists have not yet 
devoted to it the attention it deserves. It 
is hoped a more scientific system of rice 
grading will be evolved when the exigencies 
of famine conditions are over and normal 
marketing of rice is resumed. 
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Fig. 1 

By kind courtesy of the Paddy SpecioHctt Coimbatore) 
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Development of Powdered-coal Gas Turbine 
for Locomotive Purposes — a Review * 

S. GURUSWAMY 
Fuel Research Institute, Dhanbad 


T hat generation of power through steam 
engines is thermodynamically an ineffi- 
cient process has been long recognized. 
This fact is well brought out in the 
remarks of Redtenbacher, made more than 
one hundred years ago, namely “ the funda- 
mental principle of the generation and the 
use of steam is wrong. It is hoped that steam 
engines will disappear in a not far distant 
future, as soon as we know more about the 
nature and the effects of heat.” 

Even under the best conditions of feed 
water heating, regeneration, etc., central 
steam plants utilizing superheated high- 
pressure steam have attained only 30 per cent 
thermal efficiency. This efficiency falls to 
about 7 per cent or less in a steam locomotive. 
The steam locomotive is a sturdy machine 
conceived for reliable and ready use and 
thermal efficiency has not hitherto been of 
primary importance. With the increase in 
the price of coal and the availability of more 
and more oil in countries such as the United 
States of America, the diesel engine has 
come as a challenge to steam. The diesel 
locomotive is more efficient, has a better 
power/ weight ratio, reliability, and has come 

* Paper read at the Annual Meeting of the 
January 1949. 


to stay in countries where oil is a serious 
competitor of coal. 

The latest challenge to steam comes from 
the gas-turbine locomotive using powdered 
coal. Table I compares the steam, diesel- 
electric and gas-turbine locomotives under 
the heads of efficiency, fuel charges, main- 
tenance charges, etc. 

The efficiency of the coal-fired gas-turbine 
locomotive is 15 to 16 per cent as compared 
with 6 to 8 per cent of a modern coal-fired 
steam locomotive. In addition to higher 
efficiency, it has other important advantages 
over the steam locomotive : it has lower heat 
input per h.p./hr., less weight/power ratio, less 
maintenance, and less lubrication costs. 

The drive of the coal-fired gas-turbine 
locomotive is through electricity generated 
by the turbine. A gas-turbine locomotive 
can, therefore, be converted into an electric 
locomotive if electric power is available. 

The idea of a ps turbine is not new. There 
appears to be little doubt that the primitive 
rotary steam engines, such as Hero's aeolipile 
and Giovanni Branca's steam jet-operated 
turbine of 1629, inspired later inventors in 
their attempts to substitute combustion 

Indian Institute of Engineers held at Allahabad, 
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TABLE I* — COMPARISON BETWEEN STEAM, 
DIESEL-ELECTRIC A OAS- TURBINE LOCOMOTIVES 


Rep. Item 

Steam 

Diesel 

Gas 

LETTER 

(recipro- 

cating) 

ELECTRIC 

TURBINE 

(a) 

Approximate cost per 
horse power 

£7 

£17 10s. 

£13 

(b) 

Efficiency at drawbar 
per cent 

Mileage per year 

6-8 

26-28 

15-16 

(c) 

180,000 

250,000 

Greater 

than 

250,000 

(d) 

Time for tank filling 
and refueling 

Greatest 

Least 

Small 

(e) 

High schedule speed 

Lowest 

Higher 

Higher 

(f) 

Track wear 

Large 

Less 

Least 

(g) 

Power braking 

None 

Full 

power 

Full 

power 

(h) 

Approx, life in years 

30 

15-20 

30 

(i) 

Maintenance 

Lower 

High 

Least 

(j) 

Fuel costs ( steam equal 
to 100 ), % 

100 

60-75 

50 75 

(k) 

Lubrication costs as per- 
centage of fuel costs 

10 

20-30 

Less than 
1 

(1) 

Water costs as percentage 
of fuel costs 

10 

Small 

Nil 

(ra) 

Starting effort 

Minimum 

Larger 

Larger 


* From Modern Gas Turbines by Arthur W. Judge (Chap- 
man & Hall Ltd,, First Edition, p. 246 ) by kind permission 
of the author. 


products for steam as a more convenient 
means of power generation by the turbine 
method. 

The first patent on gas turbines was granted 
in 1791 in England to John Barber. John 
Barber may have originated the name gas 
turbine presumably because the fuel used 
in his combustion chamber was producer-gas. 
In his machine, producer-gas obtained from 
charcoal was burnt in a fire box with com- 
pressed air and the products of combustion 
made to issue against the blades of a turbine 
wheel- This and some other later designs 
failed to deliver any useful output of power. 
Fig. 1 explains the reason. 

In a gas turbine, the turbine and the com- 
pressor ( which feeds it ) are on the same 
shaft. Consequently, the useful output of 
work from a gas turbine is the difference 
between the power developed by the turbine 
and the power absorbed by the compressor. 
The compressor absorbs about 75 per cent of 
the energy developed by the turbine. Hence, 
the efficiencies of the compressor and of the 
turbine are important factors. Fig. 1 shows 
the relation between the thermal efficiency of 
the gas-turbine unit, at different inlet tem- 
peratures, as a function of the product of the 
efficiencies of the compressor and the gas 
turbine. The thermal efficiency values are 
defined by the ratio W/H, where W is the 


net-work output and H is the energy supplied 
by the fuel in the combustion chamber. It 
will be seen that the thermal efficiency of the 
gas turbine is zero at a gas inlet temperature 
of 1 ,000°F. when the overall efficiency ( com- 
pressor X turbine efficiency is 53 per cent ) 
and this efficiency rises only to about 5 per 
cent as the inlet gas temperature is increased 
from 1,000° to 1,500°F. Hence, to attain a 
reasonable efficiency of about 15 to 18 per cent 
at a gas temperature of 1 ,000°F. at turbine 
inlet, an overall efficiency of turbine and com- 
pressor of about 70 to 75 per cent is essential. 
With the increasing experience in tl e design 
and building of efficient compressors and 
turbines, the gas turbine for generating 
power has become a workable proposition. 
Other factors which have contributed to the 
rapid development of gas turbines are : 

(1) The experience gained in the use of gas 
turbines in superchargers for diesel and air- 
craft engines. 

(2) The experience gained in the use of gas 
turbines for the utilization of the energy of the 
exhaust gases in the working of processes like 
the Houdry oil-cracking process. In the Hou- 
dry process, large volumes of compressed air 
are utilized in burning carbon deposited on the 
catalyst and a gas turbine is used to recover 
power from the hot compressed gases. 



COMPRESSOR EFPy. X TURBINE EFfy.% 


Fig. 1 — Thermal efficiency of a gas turbine 
AS a function of the overall efficiency of 
compressor and turbine for different turbine 
inlet temperatures ( without recuperation o f 

EXHAUST HEAT ). THERMAL EFFICIENCY AT COUPL- 
ING OF TURBINE AT (1) 1 ,000"F. ; (2) at 1,200°F. ; 
(3) AT 1.500°F. ; AND (4) at 2.200°F. (From Modern 
Gas Turbines, Chapman & Hall LUl. ) 
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(3) The experience gained in the use of gas 
turbines for the utilization of the energy of 
the exhaust gases from Velox steam genera- 
tors. In the Velox boiler, the fuel, gaseous 
or liquid, is burnt with air in pressure com- 
bustors and a gas turbine is used to recover 
power from the exhaust gases. 

(4) Research on the development of alloys 
to withstand the rotating stresses of the 
turbine blades operating at temperatures 
greater than 1,000°F. 

(5) Fig. 2 shows the elementary gas-turbine 
open cycle. 

Air is drawn and compressed by compressor 

(1) , the fuel-air mixture burnt in combustor 

(2) and the hot gases are exhausted through 
gas turbine (3). The compressor and gas 
turbine are on the same shaft. The differ- 
ence between the power developed by gas 
turbine and that absorbed by the compressor 
is the output of useful power. 

Regeneration of heat from the exhaust 
gases, pre-heating of air before it goes into 
combustion chamber, multi-stage compres- 
sion, multi-stage combustion, multi-stage 
exhaustion through the turbine and other 
factors contribute to the better efficiency of 
the gas-turbine cycle. 

From the elements of the gas-turbine 
process outlined above, it will be seen that 
the output of power comes from the heat 
added to the gases by combustion of the fuel 
in the combustion chamber (2). The rate 
of heat release in modern gas-turbine com- 
bustors is of the order of 300,000 to 1,000,000 
B.t.u./cu. ft./hr. as compared with a heat 
release of 20,000 to 4 0,000 B.t.u./cu. ft./hr. 
in the combustion chambers of large modern 
boilers fired with powdered coal. Such a 
high heat release rate can be obtained in a 
gas turbine because combustion is carried 
out under pressure. Naturally, liquid fuels 
are easy to handle and control in a gas-tur- 
bine combustor. 

The use of powdered coal comes as a subs- 
titute for liquid fuels as coal is cheaper than 



F'ig. 2 — Elementary gas-turbine unit: (1) air 

COMPRESSOR ; (2) COMBUSTOR ) (3) GAS TURBINE ; 

(4) GENERATOR 


oil and is easily available. Considerable 
research has to be carried out, however, 
before the problems arising out of the use 
of powdered coal as a fuel for gas turbine 
are solved. 

Fig. 3 is a flow sheet for a gas turbine 
using powdered coal at the rate of 500 lb. /hr. 

The flow sheet is based on a 400 per cent 
supply of excess air for a type of coal generally 
used for steam raising. The large excess of 
air is required to reduce the temperature of 
the products of combustion to 1,200®F. at 
the turbine inlet. The turbine inlet tem- 
perature is limited by the suitable metals and 
alloys to withstand ( when hot ) the high 
rotating stresses in the blades of the turbine. 
Further research on the development of bet- 
ter alloys to withstand the rotating stresses 
at still higher temperatures will improve the 
overall efficiency of the gas turbine. 

The need for a large compressor for any 
preliminary work in gas turbines becomes 
evident from the study of the flow sheet. A 
compressor of one-eighth the capacity of the 
one mentioned in the flow sheet consumes 
about 75 kW./hr. 

The main problems requiring detailed 
study in the powdered-coal gas-turbine 
development work are : 

(1) Crushing and grinding of the coal to 
the requisite fineness. 

(2) Conveying the powdered coal and 
feeding it under pressure into the combustor. 

(3) Combustion of powdered coal under 
pressure. 

(4) Removal of fly ash from the combus- 
tion products ( at high temperature and 
pressure ) before the gases pass to the turbine. 

(5) Co-ordination of all these operations 
so that the gas-turbine generator generates 
power under controlled conditions. 

The last factor is specially imf)ortant when 
the application of gas turbines for locomotive 
purposes is considered, as the load demands 
of locomotive engines vary widely and these 
variations have to be met quickly. 

1. Fuel Handling & Grinding 

Since the combustion chamber has to 
operate under pressure, the powdered coal 
has to be conveyed and fed into the com- 
bustion chamber against the operating pres- 
sure of the combustor. It is not economical 
to use an ordinary grinding mill modi- 
fied for pressure grinding, as this would 
involve heavy and expensive equipment. 
A reasonable method would be to crush and 
grind in ordinary mills and transfer the 
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2<4.,oooi.B./mr. air 
l.t.fttt.OOO CO 

IG. 3 — Flow sheet for a gas turbine using powdered coal at the rate of 500 lb. /hr. 


powdered coal from atmosphere into pressure 
cycles. There are two methods of doing 
this: (1) by lock hoppers, one hopper being 
charged while the other under pressure feeds 
coal into the cycle ; and (2) by feeding coal 
from a bunker at atmospheric pressure to a 
pressure bunker by a screw conveyor built 
in such a way that the thoroughly packed 
coal serves as a seal. In actual working it 
appears that the second method is not con- 
venient, as the free and regular flow of 
powdered coal is obstructed by a thoroughly 
packed seal of finely powdered coal. 

A method using the energy of compressed 
air for grinding and conveying would be most 
suitable under the circumstances. Such a 
method has been developed by Yellott and 
Singh^ and their equipment, called “ coal 
atomizer'*, is useful for crushing and convey- 
ing coal. The coal atomizer works on the 
principle of the “ explosion " process of 
pulverizing materials. It has been used 
earlier by Dean and Gross^ in the US. 
Bureau of Mines in their extensive investiga- 
tions into the possibilities of crushing ore by 
the “ explosion " process. The material to 
be pulverized is first subjected to a high 
pressure and the pressure is then released 
rapidly, the rapid release producing disinte- 
gration of the material. In actual practice, 
the rapid pressure release is obtained by the 


use of a throat through which compressed 
air moving at 50 to 100 ft. /sec. conveys the 
material to be pulverized. The preliminary 
crushing is done outside the atomizer, and 
the atomizer is used only for final pulverizing. 
The pulverized coal is carried into the com- 
bustion chamber by compressed air. 

2. Combustion of Powdered Goal 

under Pressure 

Very little quantitative data are available 
concerning the combustion of pulverized 
coal particles in suspension, and still less on 
the effect of pressure on the rate of combus- 
tion of powdered coal. It can be anticipated 
that the rate of combustion is much higher 
when the coal is in a pulverized condition 
and suspended in air in a pulverized form ; 
the area of contact between coal and air is 
considerably increased and there is intimate 
contact between air and coal. Further, 
increased pressure will speed up the rate at 
which oxygen reaches the surface of the 
particle and thus shorten the time required 
for burning out. Experimental work carried 
out in the U.S.A. for the Locomotive Dev- 
elopment Committee has shown that an 
increase in pressure results in a shorter flame. 

The actual design of the combustion 
chamber depends primarily on how it is 
proposed to remove the ash and what is done 
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with the air required for dilution. At the 
high rate of heat release in the combustion 
chamber, it is obvious that the ash of all 
coals will pass through a molten phase. One 
method of dealing with molten ash is to delay 
the admixture of excess air and keep the 
temperature high. The molten ash is allowed 
to deposit on refractory-lined walls of the 
combustion chamber and/or thrown to the 
lower part of the combustion chamber where 
the slag can collect and be tapped off. The 
removal of slag from the combustion chamber 
has to be carried out under pressure. The 
alternative method of removing all the ash 
would be in a solid form. In this method 
the products of combustion are chilled, by 
the introduction of large excess air, to a 
temperature of 1,500''F. and then removed. 

The walls of the combustion chamber, in 
the case of the first type of combustor, have 
to be designed to withstand the attack of 
slag at 2,7(^° to 3,100°F., whereas if the ash is 
removed in a solid form, the combustion 
chamber can be of metal with arrangements 
for rapid air-cooling of the walls. 

The metal chamber will obviously be 
lighter than the slagging chamber and have 
greater flexibility : it is more suitable for 
mobile purposes, as in a gas-turbine loco- 
motive. However, a slagging chamber would 
enable the removal of a large percentage of 
ash in molten condition, and this is of consi- 
derable help in the later cleaning of the pro- 
ducts of combustion before they are fed to 
the turbine. 

In both the types of combustion chamber, 
an intimate mixing of air and coal is obtained 
by giving a rotary motion to the particles and 
increased turbulence to the air. 

The temperature to which the exhaust 
gases from a gas-turbine combustor can be 
raised is dependent on the percentage of 
excess air supplied for combustion. While 
it is desirable to increase this temperature to 
a high value for great efficiency, there is a 
limit beyond which the temperature must 
not be taken ; this limit is set by the metals 
and alloys available for use in the highly 
stressed rotating elements ( when hot ) of 
the turbine. With the best existing alloys 
available, this temperature is restricted to a 
maximum of 1,200°F. for a reasonable operat- 
ing life of a gas-turbine unit. 

3. Removal of Ash from the 

Products of Combustion 

Of primary importance to the powdered- 
coal gas turbine is the removal of ash from 


the products of combustion before the hot 
gases are led through the turbine blades. 
Experience with Velox boilers operating on 
blast-furnace gases ( containing 0*02 gm. per 
cu. ft.) has shown that particles below 5fx 
are relatively harmless, but larger particles, 
particularly upwards of 40fx, are very 
abrasive. A high efficiency of gas cleaning 
is needed in the range of this particle size. 

The dust content of the flue gases from 
pulverized fuel-fired boilers is about 12 gm. 
per cu. ft. but in the coal-fired gas-turbine 
combustor, the concentration of dust may be 
smaller because of the large volume of excess 
air supplied. 

The relatively high temperature of the 
gases and their enormous volume preclude 
the use of electrostatic precipitators. A 
satisfactory way of removing the dust, 
however, appears to be by the use of cyclones, 
in which the products of combustion contain- 
ing the chilled ash particles are given a rotary 
motion. As a result of centrifugal forces, 
the heavier ash particles are thrown against 
the walls of the cyclone chamber and are 
removed through the bottom of the cyclone. 
The modern tendency in the design of cyclone 
separators is towards the use of multi-cyclone 
cells rather than a single cyclone ; multi- 
cyclones are more efficient. 

A multi-cyclone cell consists of several 
small cyclones, all arranged in parallel, with 
common dust-collecting hoppers. The gases 
to be cleaned are distributed through the 
different small cyclones of the multi-cyclone 
cell and are brought together into a central 
exit after cleaning. 

It is of interest to compare the gas-cleaning 
equipment of a coal-fired gas turbine with 
that of a steam boiler operating on pulverized 
fuel. Assuming equal efficiencies, the gas- 
turbine dust extractor will have to remove 
about 25 per cent more ash ( all the ash of 
the coal instead of 70 to 80 per cent of it), 
and will have to deal with 4 to 5 times the 
quantity of excess air. Further, the tem- 
perature of exhaust is higher ( about 1,250°F.) 
as compared with a temperature of about 
300°F. for a pulverized fuel boiler ; this 
introduces a factor of 2*2 into the volumes 
handled. However, the higher pressure 
reduces the volume of the exhaust gases to 
about a quarter. The dust extraction of 
pulverized-coal gas turbine has thus to be 
of a higher capacity, roughly twice that for 
the pulverized fuel-fired boiler, and has to 
be designed to withstand considerably higher 
pressures and temperatures. 
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Conclusions & Development Problems 

Of the problems involved in the develop- 
ment of the powdered-coal gas turbine, some 
are of a fundamental nature and investiga- 
tions can be made on a laboratory scale. 
Others have to be studied on a full-size or 
semi-size plant. 

Investigations have to be done on : 

(1) Pneumatic grinding, especially aiming 
at a reduction in the consumption of energy 
required. 

(2) Pressure combustion of powdered coal. 
At higher pressures, the rates of heat release 
and heat transfer will be of an order quite 
different from those obtained in known 
solid fuel-fired appliances, and special studies 
have to be made of flow conditions in burners 
and combustion chambers. 

(3) The behaviour of ash under varying 
load and combustion conditions and its 
removal. 

Some of the above problems are of a 
fundamental and formidable nature, and 
much work will have to be carried out in 
special combustion chambers and, eventually, 
under actual operating conditions before 
success is achieved. 


The author wishes to thank the Director 
and the Assistant Director of the Fuel 
Research Institute for helpful criticism and 
suggestions in the preparation of this paper. 
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Manufacturers’ Industrial Exhibition 


The All-India Manufacturers’ Organi- 
zation is sponsoring a “ Manufacturers’ 
Industrial Exhibition ” in New Delhi 
during February 1950. A “ Manufacturers’ 
Exhibitions Society ” has been formed for 
organizing and running the exhibition. 

The Exhibition is open to all classes of 
goods of Indian manufacture, whether pro- 
duced in factories or on a cottage-industry 
basis ; and also to foreign manufactures of the 


following types of goods only, viz. capital 
and semi-capital goods and industrial, raw 
and processing materials including engi- 
neering stores. 

Manufacturers who have not yet con- 
tacted the All-India Manufacturers’ Orga- 
nization’s Central Office, Church Gate, 
Bombay, or its Delhi Provincial Board, 
opposite the Odeon Cinema, New Delhi, 
may do so. 
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The Essential Oils, Vol. II — The 

Constituents of Essential Oils, by 

Dr. Ernest Guenther — co-author Dr. 

Darrell Althausen ( D. Van Nostrand 

Company Inc., New York ), 1949, pp. 852. 

Price $ 10. 

It was with a thrill of reminiscent 
delight that I turned into my old files of 
The Perfumery and Essential Oil Record 
of London and re-read the six special lectures 
delivered in London during April and May 
1912 on the chemistry and synthesis of 
aromatic chemicals used in perfumery and 
on the preparation of essential oils and their 
composition. Stalwarts like Sir William 
Tilden, F.R.S., W. H. Perkin, F.R.S., and 
Mr. John C. Umney ( Editor of the Perfumery 
and Essential Oil Record of London ) gave 
in their lectures a compendious survey of 
the then available knowledge on the subjects 
they handled. The audience was wonder- 
struck at the marvellous advances already 
made in the chemistry of essential oils and 
at the promise held out for the future of 
this special branch of organic chemistry by 
ceaseless research activities in England and 
on the continent of Europe and in America. 
This promise has been more than fulfilled ! 
Yet, the work is still going on and will go on. 

All the same, can anyone forget that all 
this wonderful progress occupies only a 
minor part in the vast field of organic 
chemistry? Dr. L. Ruzicka, in a notable 
statement, observes as follows : 

“It is perhaps natural for a research 
worker specializing in a restricted field like 
the perfumes to over-estimate the importance 
of this small group of naturally occurring 
compounds in the vast domain of organic 
chemistry. It need scarcely be pointed out 
that the development in the chemistry of 
perfumes that has taken place in the last 
century would have been inconceivable were 
it not for the huge scientific structure of 
organic chemistry, incomplete though that 
edifice still is. It may be compared to a 
cathedral to which, even after centuries of 
labour, some work still remains to be done 
on small decorative details. Can a humble 
workman be blamed if he looks proudly up 


at the building and finds its chief beauty to 
be the obscure handiwork, high on some 
remote tower, which represents the labours 
of his own company of artisans ? . . . “ 

Dr. Guenther, in his second volume on 
Essential Oils, throws into bold relief the 
results of the labours of this company of 
artisans in a vivid manner that compels the 
admiration and respect of anybody that 
cares to have an intelligent view of the 
works. Further, all these have been chroni- 
cled in a planned and systematic manner. 
In a chapter devoted to the historic aspect 
of the subject in the first volume on Essential 
Oils, proper tributes have been paid to those 
pioneers who laid the true and enduring 
foundations of synthetic organic chemistry. 

Necessarily, the second volume on Essential 
Oils can only be a book of compilation which 
will take the rank of a valuable reference 
book. In his preface to the book. Dr. 
Guenther says as follows : 

“ The present volume, the second in a 
series on the essential oils, represents an 
attempt to eliminate at least some of the 
tedious ‘ spade-work * necessarily performed 
by the essential oil chemist. To this end, 
data on several hundred of the most impor- 
tant natural constituents of essential oils 
have been assembled into one volume, in the 
form of monographs, and brought as nearly 
up-to-date as possible. The structural for- 
mulas, occurrence, methods of isolation and 
identification, physico-chemical properties 
of these compounds have been described. 
Succeeding volumes of this series will deal 
with individual essential oils and their 
chemical composition, and frequent reference 
will be made to the monographs contained in 
this volume. 

A secondary aim of the present work is 
to stimulate further research in the field, 
particularly on essential oils of which the 
chemical composition is, so far, either only 
partially elucidated or entirely unknown." 

It thus becomes evident that we cannot 
expect to find a mention of synthetic subs- 
tances that are used widely in perfumery 
but not naturally occurring in essential oils. 
For example, such well-known synthetics 
like musk-xylol, hydroxycitronellal, amyl- 
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cinnamicaldehyde-alpha, etc., etc., will go 
unnoticed as falling outside the strict scope 
and the planning of the book. Dr. Guenther 
may consider these remarks. 

The scheme adopted in the book is one of 
great convenience. The name of the subs- 
tance is first mentioned with its molecular 
formula and molecular weight, together with 
its structural description by following the 
accepted nomenclature in organic chemistry. 
Then follows the occurrence of the substance, 
its isolation, its identification and its physical 
and chemical properties. Wherever possible, 
the synthetic preparation of the substance 
is mentioned with details. Then follows the 
use that the substance finds in arts and 
industries, specially in perfumery. Lastly, 
apart from references to original papers on 
the subject-matter, additional literature has 
been suggested for the benefit of individual 
workers who are particularly interested in 
the compound. 

The first volume on Essential Oils con- 
tained a very valuable chapter on The 
Examination and Analysis of Essential Oils, 
Synthetics and Isolates " by Edward E. 
Langenau. In a similar manner, in the 
second volume, a very useful and helpful 
chapter on '' The Preparation of Derivatives 
of Essential Oil Constituents '' has been writ- 
ten by Dr. Frances S. Sterrett. 

While reviewing a monumental volume 
like the present one, it will look pedantic 
( nay, almost churlish ) to be over-critical to 
select a minor omission or a minor discre- 
pancy or a minor difference of opinion regard- 
ing the still unsettled constitution of a 
complicated organic compound. Dr, Guen- 
ther says in his preface : 

The task of writing this book has been 
a complicated one, requiring years of work — 
a result, among other things, of a confusion 
in older literature, particularly in regard to 
stereoisomeric compounds. The difficulties 
of compiling material for the volume were 
further increased by the fact that during 
the Second World War scientific literature 
from continental Europe, the U.S.S.R., 
Japan and other parts of the world was not 
available." 

In a private letter to me, written in Septem- 
ber 1949, Dr. Guenther states as follows : 

" With the completion of the fifth volume, 
I will have spent 10 years on this work alone, 
not counting the many years of travelling 
and writing articles for various trade papers 
which described the results of my field 
work. " 


The third volume will be available to the 
public during November 1949 followed by 
the last two volumes during 1950. 

Dr. Guenther has earned the gratitude 
of all scientists interested in this subject. 
Mere congratulations will look too formal. 

Except during the short period that Dr. 
J. L. Simonsen ( Now Sir J. L. Simonsen ) 
was working in India, our country has not 
contributed much in the field of original 
researches on essential oils. India happens 
to be the home of the most prized sandal- 
wood oil, indispensable in any good perfume. 
India also produces cinnamon-leaf )il, lemon- 
grass oil, palmarosa oil, eucalyptus oil, 
linaloe oil and turpentine oil. Yet, practi- 
cally all the scientific work on these oils 
have originated from the laboratories of the 
western countries. At the present time, some 
sporadic attempts are being made to distil 
new essential oils from the aromatic plants 
grown in India and the usual physical and 
chemical constants like specific gravity, 
optical rotation, refractive index and ester 
values and finally the solubility in 70 per 
cent alcohol — only these are determined 
and published. We have yet to build up a 
school of research on essential oils in India. 
Probably, one of the drawbacks has been 
the lack of well-equipped organic chemistry 
laboratories with a good reference library 
and adequate grants for the purchase of 
special chemicals required in organic research. 
The facilities for this type of work at the 
Forest Research Institute at Dehra Dun and 
the Indian Institute of Science, Bangalore, 
happen to be fairly satisfactory and there 
are newer institutions that have come into 
existence like the National Chemical Labora- 
tory, Poona. Wliat is wanted seems to be 
a savant who is prepared to devote his life- 
long work in this specialized field and train 
a band of devoted workers under his guidance 
and inspiration. 

We shall be looking forward to the next 
three volumes on Essential Oils by Dr. 
Guenther. 

S. G. Sastry 



( G. Bell & Sons Ltd., London), 1948, 
pp. viii -f 199. Price 21s. 

Dr. Londsdale has devoted a life-time 
to the study of the structure of crystals by 
X-rays, and the volume under review has, 
therefore, all the weight of her authority. 
While the book does not lay claim to being 
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the last word on X-ray crystallography or 
even as a text-book for advanced students 
of this subject, it will be most helpful to those 
who propose to take up these studies for the 
first time or who, while working on routine 
methods in X-ray crystallography, do not 
fully realize the implications of these methods. 
In about 200 pages Dr. Londsdale has covered 
a very wide field and brings the reader up to 
a point where he may, with advantage, turn 
to advanced treatises or original papers on 
the various topics treated in the book. 

Of special interest to the reader would be 
the historical introduction which gives an 
account of the early history of Laue’s dis- 
covery and of later developments on crys- 
tallographic analysis and the application of 
these methods for the determination of the 
structures of gaseous and liquid states. 

The descriptions of the procedures employ- 
ed for the generation of X-rays, production 
of narrow X-ray beams, generation of recti- 
fied high voltage with various circuits and 
monochromatization of X-rays, which cover 
a whole chapter, would be found most inter- 
esting and instructive. Another chapter is 
devoted to a concise account of the elements 
of crystallography illustrated with excellent 
diagrams. Methods of crystal drawing, the 
principles of stereographic and gnomonic pro- 
jections for crystal faces and the development 
of space groups are discussed in some detail. 
This is followed by a brief treatment of the 
X-ray determination of crystal geometry by 
stationary single crystal and powder photo- 
graphy, and more or less detailed methods 
for obtaining indices of the planes and the 
determination of space groups. 

The reader is thus led on to the problem of 
the distribution of atoms and electrons in a 
unit cell. The general structure regarding 
the scattering of X-rays by light and heavy 
atoms are first described, followed by the 
resultant scattering effect due to all the 
atoms in a unit cell. The description of 
intensity formulae and the derivation of 
structure factors are clear and precise, and 
a number of examples are given to explain 
how structure factors are used to determine 
the actual structures. Brief accounts of 
alternative methods for structure determina- 
tion, based on the theory of chemical bonds 
and on optical and magnetic measurements, 
are also given. To complete the determina- 
tion of the structure factor, a short account 
of the method for obtaining the electron 
density distribution by Fourier synthesis is 
added. 


There is considerable difference between 
the intensity of X-ray reflections as calcu- 
lated for ideally perfect crystals or mosaic 
crystals and the crystals as they occur in 
nature. Factors which give rise to these 
divergences, viz. crystal texture, crystallite 
size, imperfection of structure and the 
thermal vibrations of atoms are discussed, 
and attention is drawn to the importance of 
such studies on account of their close relation 
to the elastic properties of solids, specially 
in the case of metals and alloys and fibrous 
materials. 

The whole subject-matter of the book is 
extremely well presented and takes the 
reader to the main lines along which X-ray 
investigations are proceeding or are likely 
to be fruitful in future. The get-up is excel- 
lent and it is adequately illustrated with 
figures and plates. Dr. Londsdale has placed 
a large circle of students and research workers 
under a debt of gratitude by writing such a 
readable and informative volume on X-rays. 
It will, doubtless, find a place in every science 
laboratory. 

P.K.K. 

Organic Coatings in Theory and Practice, 

by A. V. Blom ( Elsevier Publishing Co. 

Ltd., London ), 1949, pp. x -f 344 -j- 91 

illustrations. Price $6.75. 

The RAPID DEVELOPMENT OF THE RESIN 
industry in the past few years has made 
available numerous materials with a wide 
range of properties that are of considerable 
interest for coating purposes. Today a resin 
can be tailor-made to the exact requirements 
of a certain physical and chemical behaviour 
and it remains for the paint and varnish 
technologist to process it to the best of 
advantages it offers. The book under review 
provides quite a useful link between the 
resin manufacturer and the paint technologist 
and enables each to understand and appre- 
ciate the wide scope of the subject. 

The book, as the author himself admits, is 
by no means complete and the author has 
restricted himself to such topics as are of 
importance to both theory and practice of 
organic coatings. It provides a good review 
for a person seeking for a collected but 
concise and brief discussion of the subject. 
The author's vast experience in the line and 
information, which he collected from several 
authoritative sources, have made the text 
a very valuable guide to the man in the 
laboratory as well as in industry. He has 
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gathered in book form what one can only 
acquire by reference to a number of original 
papers. 

After a brief introductory chapter on the 
historical, structural and other physical 
aspects of polymeric materials, the two 
following chapters are devoted to the chemis- 
try and preparation of natural and synthetic 
organic film-forming materials. Although 
these two chapters constitute one-third of 
the book, the vastness of the subject has 
restricted the author to give only a brief 
account of these materials. A little more 
discussion, particularly on the synthetic 
materials, would have been quite useful. 
The value of the next two chapters on “ Film 
Formation ” would have been greater if they 
had been supplemented by a fairly detailed 
discussion on the important phenomenon of 
adhesion. Finally, the chapter on “ Testing 
of Films *’ is quite thorough, illustrative and 
particularly well written . Reference to origi- 
nal papers and frequent illustrative diagrams 
are a very valuable feature of the entire book. 
Reliable theories are presented throughout 
the book in order to provide basis for further 
technical development. An additional chap- 
ter on the uses and applications of coatings 
giving the exact requirements for a particular 
job, type of equipment employed and advan- 
tages and disadvantages of each coating 
material should have been included to make 
it more valuable from a practical aspect. 

In spite of these shortcomings, the author 
has certainly succeeded in making the book 
an interesting and informative reading. 

S. L. Kapur 

Fluid Dynamics, by Victor L. Streeter 

(McGraw-Hill Book Company), 1948, 
pp. xi 263. Price $ 5.00. 

It is a great pleasure to review the 
book Fluid Dynamics by Victor L. Streeter. 
The book deals with the fundamental prin- 
ciples of ideal fluid in two and three dimen- 
sions and is written in a very clear and lucid 
style. The book is divided into 12 chapters. 
After describing, in chapter I, the conception 
of flow of fluid, the author passes on to develop 
basic mathematical theories in the II, III and 
IV chapters. In chapter V the conception of 
complex variables has been introduced and 
in chapter VI the problem of stream lines, 
equipotential lines, etc., have been well 
treated from the standpoint of conformal 
transformation. In chapter VII examples re- 
quiring multiple transformations are worked 


out leading to irrotational flow around in 
airfoil with circulation. The chapter VIII 
deals elegantly with the Schewarz-Christoffel 
theorem in relation to free stream-line trans- 
formations. The chapter IX on vortex 
motion is very well planned and interesting 
and deals with the vortex motion where the 
vorticity is confined to lines, tubes and sheet 

or is unconftned and examples are considered 

for both two-dimensional and three-dimen- 
sional flow. In chapter X, the equations of 
viscous flow, as given by Navier and Stokes, 
have been developed and solved for a number 
of interesting cases in the next chapter, such 
as the theory of lubrication, the sioady flow 
through circular tubes, Stoke’s law, Rey- 
nolds number, etc. In the last chapter, the 
Navier-Stoke’s equations are applied for 
laminar boundary layer, j.e. when the motion 
of the fluid particles in the boundary layer 
are sensibly in a straight line. 

The book would have been very suitable 
for the courses of Mathematics and Mathe- 
matical Physics in most of the Indian univer- 
sities if it had included one chapter describing 
the motion of solids through liquids and 
another on the theory of waves in general. 

The characteristic of the book is that the 
underlined principles of fluid mechanics have 
been logically and clearly explained supported 
in each case by solving some interesting 
examples to illustrate the principle. A 
number of numerical questions have been 
added at the end of each chapter although 
the number of examples to be solved by the 
students are not adequate. 

The book will be found extremely useful 
by the students who desire to get a clear 
grasp and a thorough understanding of the 
fundamentals in fluid dynamics and is worth 
keeping in every library. The printing and 
get-up of the book are excellent. 

R.C.M. 

Physics and Chemistry of Cellulose 
w^ith particular reference to Rayon, 

by P. H. Hermans ( Elsevier's Polymer 
Series, Vol. 2 ) ( Elsevier Publishing Co. 
Inc.), pp. xxii + 534 with 244 illustrations. 
Price 50s. net. 

This is an authoritative monograph 
which will be valued by those interested in 
cellulose research and by rayon technologists. 
Many of the investigations described in the 
book have been carried out in the Institute 
for Cellulose Research of which Dr. Hermans 
is the Director. It is remarkable that an 
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organization of the relatively small rayon 
industry in Holland should have sponsored 
an extensive programme of fundamental 
research on cellulose. 

The book is divided into three parts. Part I 
gives a critical survey of the literature on 
crystalline and micellar structure, swelling 
and dissolution, degree of polymerization 
and its determination, chemical reactions, 
and structural variations in natural and 
regenerated celluloses. Part II is a detailed 
treatment of the work of the author and his 
school on the fine structure of cellulose 
fibres, using known methods with higher 
precision as well as new technique. Most of 
the material has already appeared in an 
earlier monograph of the author ( Contri- 
butions to the Physics of Cellulose, Elsevier, 
1946 ). The subjects treated in this part are 
morphology of natural and regenerated cellu- 
loses with special emphasis on the occurrence 
of skin and core regions in the latter ; the 
sorption of, and swelling in, water and their 
dependence on the proportion of amorphous 
regions in the fibre. In discussing the dual 
function of hydroxyl groups in cellulose 
chains ( hydrogen bond formation and hydro- 
philic action leading to swelling in water), 
the possibility of hydrogen bond formation 
in the amorphous regions appears to have 
been overlooked. The decrease in the swell- 
ing of viscose rayons caused by increase in 
orientation, mainly in the amorphous regions, 
indicates the formation of more and more 
hydrogen bonds in these regions. It is well 
known that crystallinity does not alter to 
any appreciable extent during this increase in 
orientation. The chapter on density mea- 
surements sets out the author's experimental 
data. The conventional view that water in 
fibres is under very high pressure, as an ex- 
planation of the difference in the observed 
density of cellulose in inert media and in 
water, is rejected in favour of a theory based 
on a concept of the packing of “ spheres " 
of glucosidic groups and water molecules in 
the amorphous regions. The evaluation of 


orientation by measurements of birefringence 
is described, and theoretical limits of bire- 
fringence in native and regenerated celluloses 
are deduced. After discussing X-ray spectra 
of fibres, there is a full account of the mecha- 
nical properties and the fundamental issues 
in stress-strain tests are analysed. While 
interest in eailier days was mainly centred 
round the crystallites or micelles in the fibre, 
the present trend is to devote more attention 
to the amorphous regions, in view of their 
relation to useful fibre properties such as dye 
absorption, extensibility and flexibility. A 
recently developed technique of Hermans for 
evaluating the crystalline-amorphous ratio 
in cellulose is described fully. 

Part III is mainly devoted to the researches 
of the author on the “ model fibres " ( iso- 
tropic regenerated cellulose monofils with 
circular cross-sections ). Work on the defor- 
mation of such model fibres swollen in various 
states has thrown fresh light on the problem 
of the arrangement of chain molecules on 
gelation and on subsequent application of 
force in the direction of the fibre axis. The 
net-work structure of Kratky and W. and H. 
Kuhn's concept of chain molecules kinked at 
random and statistical chain element are 
examined and fitted into the general picture. 

The translation is faulty and there are 
unusual expressions such as conception 
( concept ), artificial cellulose ( regenerated 
cellulose ), gelatination ( gelation ), accretion 
( accessibility ), asseveration ( categorical 
statement ), and signification ( significance ). 
Names of Indian and other authors are spelt 
erratically, e.g. Banjeri and Ghos ( Banerji 
and Ghosh ), Chawdhury and Bhardaw 
(Choudhury and Bardhan ). The book is 
an advanced and highly specialized treatise, 
which is not easy to read, and is primarily 
intended for investigators in the field of the 
fine structure of fibres. Although the title 
is ‘‘ Physics and Chemistry of Cellulose ", 
the chemical aspects receive but scant 
attention. 

K.V. 
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Anhydrous Ammonia 

as Fertilizer 

Developments in the applica- 
tion of anhydrous ammonia as a 
nitrogenous fertilizer and its utili- 
zation are described ( Chemie et 
Industre, 1949, 62 , 26 ). 

Experiments conducted in the 
United States have demonstrated 
in the case of cotton, wheat and 
oats that the soils treated with 
ammonia gave the same yield as 
with nitrogenous fertilizers. Sub- 
sequently, tests were carried out 
under the auspices of the Comptoir 
Francais De TAsote, An ammonia 
reservoir mounted on a tractor 
injected ammonia into the soil 
under controlled conditions. The 
treatment was found to give ideal 
results at the souring time because 
then the ammoniacal nitrogen is 
readily assimilated by the roots. 
The depth of application of 
ammonia in the soil depended on 
the season of application and 
varied from crop to crop. Nitri- 
fication was related intimately to 
the acidity of the soil and the line 
of application of ammonia to the 
soil. A soil with a pH. lower than 
5*5 had to be treated in autumn 
because in winter there is practi- 
cally no nitrification and ammonia 
remains in the soil as ammoniacal 
nitrogen up to spring. In soils 
with a pH higher than 6 nitrifica- 
tion is appreciable and the nitrate 
nitrogen is liable to be washed 
away by the rains. 

Substitution of nitrogenous 
fertilizers by anhydrous ammonia 
saves expense in transport and 
possibly also in the consumption 
of energy. For obtaining 1 ton of 
fixed nitrogen in the form of 
anhydrous ammonia, the expendi- 
ture of energy is of the order of 
4 tons of carbon. Its transforma- 
tion into solid nitrogenous fertili- 
zers demands these quantities of 
carbon for every ton of fixed 
nitrogen : 0*25 tons for synthetic 
sulphate ; 1 ton for ammonium 
nitrate ; 2*5 tons for sulphate by 
the gypsum process ; 3*3 tons for 
calcium nitrate ; apd 7*5 tons for 
S3dium nitrate. 

Caking of Ammonium Nitrate 

Methods for overcoming the 
caking tendency of ammonium 
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nitrate have been reviewed 
( Industr. Chemist, 1949, 25 , 399 ). 

Various physical phenomena 
causing caking of the salt and 
factors influencing the quality of 
the cake formed, e.g. moisture 
content, transition temperature, 
particle size, duration and method 
of storage, etc., have been dealt 
with. 

The methods adopted so far are : 
(1) Coating the salt with some 
organic grease or oil or solid in 
order to diminish its absorptive 
capacity for moisture from the 
atmosphere. The coating of 
ammonium nitrate with organic 
materials has two grave draw- 
backs. It is impossible completely 
to cover the granules of the salt 
so that the results obtained are 
generally disappointing and the 
quantity of organic addition neces- 
sary for worthwhile results, usual- 
ly about 1*0 per cent, is such that 
the explosive decomposition of 
ammonium nitrate is considerably 
sensitized thereby and a serious 
explosion hazard in the treated 
salt results. (2) Dusting the salt 
to aid the free running properties 
of the salt and minimize the set- 
ting tendency. Most inorganic 
dusting agents have the effect of 
desensitizing explosive composi- 
tions containing ammonium ni- 
trate, since they are rarely very 
effective in proportion less than 
1 per cent of the salt ; thus the 
process is of limited applicability 
in the explosives industry. The 
only dusting agents for ammonium 
nitrate likely to be free from 
objection for use in the explosives 
industry are expensive, finely 
divided, bulky and insoluble, 
which maintain their identity 
when mixed with ammonium 
nitrate. A few complex silicates 
and some sulphates, oxides and 
phosphates of the insoluble salts 
are likely to be useful. Precipi- 
tated calcium phosphate is fairly 
efficient as an anti-setting agent 
up to a moisture content of 0* 5-0*6 
per cent and is recommended. In 
the production of fertilizers, how- 
ever, suitable additions of dusting 
agents in proportion larger than 
1 per cent of the salt can be con- 
sidered and the dusting of coarse- 
grade ammonium nitrate with 
about 5-10 per cent of some inert 
addition is recommended as an 


effective method of making pos- 
sible the handling of ammonium 
nitrate as a fertilizer, without 
increasing its detonation risk or 
decreasing its nitrogen content 
below about 32*5 per cent. 

Microscopic study of coloured 
dusting agents, e.g. pigments 
distributed on dry ammonium 
nitrate, showed that the coating 
effect on a relatively dry salt is 
very small. To obtain better 
coatings, a few water-soluble 
substances in aqueous solution 
have been suggested. Other 
methods include moistening the 
surface of the granules with phos- 
phoric acid or sulphursc acid, ex- 
posing to gaseous ammonia, or 
applying pairs of substances in 
solution to give such insoluble 
compounds as ferric hydroxide, 
colloidal phosphates or ferricya- 
nides. 

A study of crystal modificants 
for ammonium nitrate has recently 
revealed a new method of great 
promise for reducing the setting 
tendency of ammonium nitrate, 
particularly for use in the explo- 
sives industry. A number of 
sulphonated organic dyestuffs 
have been found to modify the 
crystal structure of the ordinary 
temperature stable modification 
IV of ammonium nitrate from 
( 110 ) acicular of prismatic forms 
to ( 010 ) plates, when the salt is 
crystallized in the presence of 0*10 
per cent of the dyestuff. The most 
marked alteration is brought 
about by the acid triphenyl- 
mcthanc dyestuff acid magenta. 
Crystallization below 32X. of a 
saturated solution of ammonium 
nitrate containing 0*10 per cent of 
this dye results in the deposition 
of extremely soft lamellar aggre- 
gates of the modified crystals, 
which, when isolated, are very 
fragile, thin plates or “ scales 

It has been found that, if 
crystals of ammonium nitrate are 
mixed with an aqueous solution of 
acid magenta and dried so that a 
surface coating of about 0*03 per 
cent of the dye is applied to the 
salt, the setting tendency of the 
salt is very greatly reduced. The 
action of acid magenta is extreme- 
ly effective even at moisture con- 
tents above 1*0 per cent 

This modification of ammonium 
nitrate by dyes is apparently con- 
fined to the modification IV, thus 
the efficacy of the anti-setting 
action of acid magenta is greatest 
at temperatures at which this 
modification of the salt is stable. 
The setting tendency of ammo- 
nium nitrate 111, however, is 
somewhat reduced by the presence 
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of acid magenta, this possibly 
being due to a tendency of the salt 
to undergo habit modification, or 
the mere presence of the larger 
dye molecules on the surface of 
the salt granules. 

Acid magenta treatment of 
ammonium nitrate has the follow- 
ing advantages as compared with 
the earlier methods of reducing 
the setting tendency : (a) the 

quantity of the partly organic 
addition is insufficient significantly 
to increase the explosiveness of the 
salt, or to reduce the sensitiveness 
of explosive compositions ; (b) the 
anti-setting effect is maintained 
even when the treated salt is 
incorporated in gelatinous explo- 
sive compositions ; (c) the dye 

neither affects the " heat test ” of 
explosives, nor does it react with 
the salt in high temperature 

storage tests ; (d) it is likely that 
use of acid magenta will allow a 
considerable extension of the 

range of particle sizes which can 
be handled without undue trouble 
from caking. 

Chromatography of 

Amino Acids 

A SIMPLE MEANS OF ESTIMATING 
lysine and some of the other amino 
acids by chromatography of their 
copper salts of the acids is des- 
cribed ( Science, 1949, 110, 163 ). 

The salts were prepared by Pope 
and Stevens method as modified 
by the authors ( J. Biol. Chem., 
1944, 153, 583). 002 c.c. ali- 
quots of the solution was parti- 
tioned on paper strips in an aque- 
ous phenol atmosphere for 6 hr. 
After drying in air, the strips were 
developed by painting with a 
freshly prepared 10 per cent 
solution of aqueous iron ferrocya- 
nide. The characteristic pink 
colour of copper ferrocyanide, 
which appears distinctly on dry- 
ing, indicates the position and 
relative amounts of various amino 
acids on the strip. Tests with 
60 y of purified specimens showed 
glutamic and aspartic acid to have 
overlapping Rf values in the area 
0‘08-010. Lysine occurred in the 
region 0-42-0-50. Arginine and 
histidine overlapped in the 0*55- 
0*62 Rf zone. The other amino 
acids, glycine, serine, threonine, 
valine, leucine, isoleucine, tyro- 
sine, proline, hydroxyproline were 
found in the zone 0*7-1 ‘0. Trypto- 
phane, methionine, cystine and 
phenylalanine could .not be iden- 
tified by this technique, since they 
are oxidized during partitioning. 

The band spread of the copper 
lysine salt is roughly proportional 
to the concentration in the range 


30-60 y of lysine. With protein 
hydrolysates containing initially 
0*5 mg.N/c.c. it was found that 
zein gave negative tests ; wheat 
gluten gave faintly positive tests ; 
and casein, gelatine, lactalbumin, 
human haemoglobin and fibrin 
gave bands which approximated 
roughly the lysine contents of the 
preparations. 

The method is useful for the 
determination of lysine in urine 
specimens. Blood filtrates, how- 
ever, could not be manipulated sa- 
tisfactorily to give positive results. 

Within limits this method is a 
useful one, but it cannot be 
expected to yield better than 
semi-quantitative results. 

Use of Detergents In 

Fat Determination 

The DETERMINATION OF FAT CON- 

tent by usual procedures involves 
in most instances the use of long 
and difficult methods and exten- 
sive laboratory equipment. A new 
principle — formation of a pro- 
tein-detergent complex to break 
up emulsions and liberate the fat 
obviates these difficulties. This 
test, used for the determination of 
fat in milk, shows promise as a 
universal procedure for fat estima- 
tion ( Science, 1949, 40, 121 ). 

The materials used are : (a) a 
saturated solution of a fat dye 
prepared by mixing 500 mg. of 
Oil Red O in too c.c. of isopropyl 
alcohol and 2*5 c.c. of the clear 
solution added to a mixture of 100 
gm. of a standardized non-ionic 
detergent, poloxyethylene sorbi- 
tan monolaurate, and 65 c.c. of 
95 per cent ethyl alcohol and 
the new mixture shaken well ; 
(b) standardized anionic deter- 
gent, dioctyl sodium phosphate. 

A well-mixed sample ( 17*6 c.c.) 
of milk is placed in a Babcock milk 
bottle and shaken intimately with 
7 c.c. of solution (a) ; 13 c.c. of 
reagent (b) is added without 
further shaking so that this last 
addition forms a layer at the 
bottom of the container which is 
then immersed in a water bath at 
180°F. The water level in the 
bath should be approximately 
equal to that in the bottle. After 
5 min. in the bath, water at 180°F. 
is added to the Babcock flask until 
the fluid level reaches the top of 
the graduated portion. The flask 
is then set aside at room tempera- 
ture for 10 min., after which the 
percentage of fat ( as in the Bab- 
cock test) is read by subtracting 
the lower meniscus reading from 
that of the upper meniscus. 

100 duplicate samples of milk 
were tested for quantitative fat 


content. The readings obtained 
by this method were the same as 
those resulting from the Babcock 
test. 

Dioctyl sodium phosphate is an 
anionic compound in which the 
hydrophilic portion is negatively 
charged. It has a long chain of 
carbon atoms with a strong polar 
group located near the centre of 
the carbon chain. Mixing this 
detergent with milk and heating 
effects a dispersion of the protein 
layer around the fat globule, and 
liberating the fat so that it can 
combine with other fat molecules. 
However, the separation is not 
complete. When a quantity of 
the strongly hydrophilic, non- 
ionic detergent is added to the 
mixture, a clear solution and 
complete separation results. 

Separation of Organic Sc 
Inorganic Materials 

by Flotation 

The possibility of employing 
flotation technique in the bene- 
ficiation and separation of inor- 
ganic and organic materials soluble 
in water is indicated ( Ckemie et 
Industrie, 1949, 62, 135 ). 

The normal conditions control- 
ling the flotability of ores are valid 
in this system also but the solu- 
bility of the inorganic materials in 
water creates complications. Pure 
water used in the flotation of ores 
is, therefore, replaced in this case 
by a saturated solution of salts 
taking part in flotation. The 
aptitude of the body to be wetted 
changes, and viscosity, modified 
by the dissolved salts, exerts an 
influence on the quality of froth 
produced. Tests covering mix- 
tures of the salts of alkalis and 
alkaline earths, chlorides, nitrates, 
nitrites, sulphates and carbonates 
as well as influence of fineness of 
the powder, solubility of salts and 
temperature on separation of salts 
by flotation are discussed. Results 
of studies on the following are also 
given : (1) influence of flotation 
reagent ( sodium oleate ) for mix- 
tures of NH4CI and NaNOa, KCl 
and NaCl, and KNO, and NaNOj; 
(2) separation of salt mixtures 
with the same cation ; (3) separa- 
tion of mixtures of alkali salts and 
alkaline earths ; (4) separation of 
salts of alkaline earths. 

These experiments established 
a correlation between the speed of 
wettability and flotability though 
the relationship was not amenable 
to mathematical treatment. 

The problem of separating or- 
ganic materials by flotation is 
quite different owing to the hydro- 
philic character of most of the 
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solid organic compounds. The 
aim in this case is to augment the 
nature of one of the two com- 
pounds in the mixture by the use 
of a specific reagent. Not much 
success has been achieved in the 
case of substances of pronounced 
hydrophobe character, but satis- 
factory results were obtained when 
attempts were made to induce 
hydrophyllic character of a differ- 
ential nature in a specific manner. 

K. Vyasulu 

Magnetic Method of 

Extracting Gold 

A MAGNETIC METHOD FOR SEPA- 
rating gold from hitherto un- 
workable low-grade ores is des- 
cribed ( Sci. Newsletter, 1949, 56, 
153 ). 

The gold in cyanide solution is 
adsorbed on activated carbon 
which is rendered magnetic, 
either through the incorporation 
of ground magnetite or by impreg- 
nation with an iron salt which is 
subsequently reduced, leaving 
pure iron in the pores. After the 
carbon has adsorbed the dissolved 
gold, a magnetic separation is 
effected. With larger carbon par- 
ticles losses are correspondingly 
reduced. The method obviates 
the appreciable losses entailed by 
flotation treatment of low-grade 
ores. 

New Test for 

Free Chlorine or Bromine 

The or/Ao-TOLUiDiNE technique 
and the benzidine blue and iodide 
replacement methods used for 
measuring minute traces of free 
chlorine, occurring in drinking 
water after sterilization, do not 
measure free chlorine but indicate 
oxidative potential, and results so 
given are, therefore, subject to 
considerable error, should oxidiz- 
ing agents other than chlorine be 
present. A new test is described 
which is specific for free chlorine 
or free bromine ( Nature, 1949, 
164, 448). 

The test is based on the fact 
that free chlorine reacts directly 
with cyanides to form cyanogen 
chloride which is allowed to react 
with pyridine ( or a pyridine 
derivative ) to form a quaternary 
compound. This, on subsequent 
condensation with aromatic 
amines, produces a ring fissure and 
the formation of intensely colour- 
ed di-anil derivatives. 

The two reagents employed are 
made as follows : (a) sodium 

cyanide solution 1 per cent and 
(b) pyridine 25 per cent containing 
2 per cent of benzidine hydrochlo- 


ride. 5 c.c. of water is treated 
with 1 c.c. of cyanide solution to 
which is then added 5 c.c. of the 
pyridine reagent. The reddish 
colour which is fully developed 
within 10 min. may be compared 
visually against standards or 
measured in a photo-electric 
instrument. 

The test is approximately twice 
as sensitive as with the toluidine 
reagent and, as stated above, is 
specific, except in the presence of 
free bromine. 

Mounting of Bacteria for 

Electron Microscopy 

A new method for mounting 
bacteria for examination of their 
developmental changes under the 
electron microscope without inter- 
ference with their normal mode of 
growth is described ( Nature, 1949, 
164, 352 ). 

The method consists in growing 
the organisms directly on col- 
lodion-covered specimen grids, 
placed in firm contact with solid 
media or floated on the surface of 
a fluid medium, which arc then 
transferred directly to the electron 
microscope, after fixation and 
sterilization. The metal specimen 
grids are covered in the usual way, 
preferably sterilized with ultra- 
violet light or in an oven. They 
are placed in the growth medium 
and each grid is inoculated in the 
usual way with a minute droplet 
of a suspension containing the 
organism. After appropriate 
intervals of time, grids are 
removed in turn, fixed by exposure 
to osmium tetroxide vapour, and 
sterilized by formalin vapour or 
in an oven. If disturbing quan- 
tities of the medium remain 
adhering to the grid, it may be 
floated off on distilled water for a 
short time after removal from the 
medium. Alternatively, good re- 
sults on fluid media have been 
obtained by interposing filter 
paper between grid and growth 
medium. After sterilization, the 
grid is dried and mounted in the 
specimen-holder in the usual way. 

The method permits examina- 
tion of virulent and pathogenic 
bacteria after any length of time 
and with minimum of risk as 
compared with previous methods. 
Good results are obtained whether 
the collodion film or the metal 
grid is in contact with the medium. 
Detailed investigation, however, 
of the possible influence on growth 
of the grid metal is considered 
desirable. So far copper and 
nickel grids have been used ; it 
may be preferable to employ a 
noble metal. 


Aluminum Condenser & 

Heat-exchanger Tubes 

The corrosion resistant pro- 
perties of tubes drawn from alumi- 
num alloys MI and MI Clad which 
are covered by specification B 234- 
48T of the American Society for 
Testing Materials are evaluated 
(ASTMBulL, 1949, No. 159, 44). 

The alloys differ principally in 
that MI Clad tubes are more 
resistant to perforation under 
certain corrosion conditions. For 
most applications. Ml tubes are 
adequately resistant to corrosion, 
but when salts of heavy metals 
such as copper, tin, ni< kel or lead 
are present, even in comparatively 
small amounts, the contaminated 
water may induce severe pitting 
or perforation of the tubes. Under 
such conditions, the use of MI 
Clad tubes is recommended. 

The superior resistance of MI- 
clad tubes is the result of an alclad 
coating on the inside surface of 
the tube. The coating comprises 
about 10 per cent of the wall 
thickness and is of an alloy con- 
taining about 1 per cent zinc, 
which is anodic to the MI alloy 
( 1-3 per cent manganese, balance 
aluminum ) in most waters. The 
coating alloy is applied during 
the initial stages of manufacture 
and, in the finished tube, is inte- 
grally bounded to the MI “c ^re”. 

This coating alloy is not, liow- 
ever, completely immune to attack 
and in course of time develops 
pits which penetrate to the bond 
between the “ core ” and coating. 
Electrolytic action then prev^ents 
corrosion of the " core ” and per- 
foration of the tube, at least until 
the area of the pit has increased 
so greatly as to reduce the electro- 
lytic action because of the in- 
creased resistance in the electro- 
lyte. 

When the operating tempera- 
ture range is not too great, the 
aluminum alloy tubes can be used 
in conjunction with steel tube 
sheets without danger of working 
loose. Corrosion of the ends of 
the tubes, because of contact with 
the steel, is generally negligible 
unless the chloride content of the 
cooling water exceeds about 50 
ppm. If brackish or sea water is 
used, tube sheets of a suitable 
aluminum alloy should be used. 
Tube sheets of copper-base alloys 
must always be avoided. 

Aluminum-alloy condenser and 
heat-exchanger tubes have been 
used successfully in the production 
of acetic and other aliphatic acids, 
acetaldehyde, naval stores, vege- 
table oils, formaldehyde, hydro- 
cyanic acid, in the ammonia 
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recovery steps of the soda-ash 
process, in condensing sweet and 
sour hydrocarbon gases and 
liquids, in furfural and other types 
of lubricating oil-solvent extrac- 
tion processes, and in condensing 
steam. They have been used in 
air and water-cooled atmospheric 
heat exchangers, air and natural 
Compressor inter-coolers and 
Affe-coolers, lubficating oil and 
faCicet water coolers, and numerous 
other types of heat exchangers. 

PdBiivation of 

Enamel Surfaces 

Some important results of 
eitperimental acid pre-treatment 
of porcelain enamels on the acid 
resistance and abrasion resistance 
of treated specimens have been 
obtained at the U.S. National 
Bureau of Standards' laboratory 
( Chem. Age, 1949, 61, 217 ). Tests 
made earlier to compare the rela- 
tive effects of hydrochloric, acetic 
and citric acids on a number of 
enamels revealed that treatment 
with acetic acid, which produced 
only minor visible attack, strongly 
inhibited further attack when 
subsequently treated with citric 
acid, although the citric acid 
severely attacked the untreated 
areas of the same enamelled 
specimens. It was found that 
pre-treatment with acetic acid in 
concentrations from 0*5 to 50 per 
cent for periods of 5 min. or longer 
were effective against subsequent 
treatment with 10 per cent citric 
acid. Treatment v.ith butyric 
acid for 15 min. produced the 
same effect, but neither tartaric 
nor lactic acid was effective. This 
passivation may be explained on 
the hypothesis that the acetic and 
butyric acids preferentially leach 
alkalis from the enamel surface, 
leaving behind a silica- rich film 
which is resistant to further solu- 
tion film in citric or stronger acids. 
With citric acid, on the other 
hand, the attack apparently pro- 
ceeds to a greater depth before 
sufficient thickness of this film is 
built up to inhibit further solution. 
Treatment for 15 min. in 10 per 
cent citric acid appreciably 
reduces the abrasion resistance of 
certain enamels having Class B or 
Class A acid resistance ( Porcelain 
Enamel Institute standard test ) , 
this effect being more pronounced 
on titanium-type enamels than on 
antimony-type enamels. In no 
case was the abrasion resistance of 
Class A enamels affected. 

These two effects are related ; 
the silica-rich layer resulting from 
preferential solution of the alkali 
is less resistant to abrasion than 


the original surface, although 
more resistant to acid attack. The 
results suggest that titanium-type 
enamels are especially sensitive to 
the observed effects, and that 
routine inspection tests should be 
made in regular production to 
assure that the composition and 
processing of the enamels are 
maintained at optimum conditions. 

Disintegration of Metals 

Techniques for studying the 
disintegration of metals and the 
wear of metal bearings have been 
developed at the Commomvealth 
Scientific 6- Industrial Research 
Organization of Australia. 

By attaching a tracer element 
( radioactive atom of the metal 
under test ) to the molecules of the 
metal, it has been found possible 
to study the movement of mole- 
cules at extremely low tempera- 
tures. 

The discovery has made possible 
the protection of tin cases against 
tin pest ( disintegration of tin at 
low temperatures ) by determin- 
ing the exact degree of admixture 
of other metals required in tin to 
stabilize its molecules. Similarly, 
the amount of wear that takes 
place in a metal bearing can be 
accurately and quickly measured. 
One of the practical results of this 
is that it will now be possible to 
decide which is the best lubricant 
for a particular engine bearing. 

Magnesium Alloy Systems 

Mechanical properties of .some 
200 alloys in 40 magnesium alloy 
systems are surveyed in a recent 
report released by the U.S. Office 
of Technical Services. 

A preliminary investigation of 
warm-rolling procedures for dilute 
magnesium-base alloys indicated 
the possibility of increased ducti- 
lity and roughness with moderate 
strength properties through these 
methods, although the data were 
too limited in scope to draw 
specific conclusions. 

Further study of the magne- 
sium-zinc-aluminium-tin system 
agreed with earlier results indicat- 
ing that magnesium-5 zinc-3 alu- 
minium-3 tin was the best com- 
bination of this particular system. 

The promising magnesium-5 
zinc-1 silver-1 -5 manganese-0-3 
calcium alloy still has the draw- 
backs of hot-shortness ( tendency 
to break under stress when being 
handled under high temperature ) 
and extreme sensitivity of its 
mechanical properties to small 
variations in composition and 
handling procedures. 


The report suggests that mag- 
nesium-zinc-silver-manganese-cal- 
cium is the most promising com- 
position for further study and 
development (Chem. Age, 1949, 
61. 318 ). 

Copies of the report No. PB- 
97657, New Magnesium Alloys 
( 243 pp.) can be had as a photo- 
stat costing $ 31.25, or as a micro- 
film at $ 9.00, from the Library 
of Congress, Photo-duplication 
Service, Publication Board Pro- 
ject, Wa.shington 25, D.C. 

New Alloy Steel 

The development of a new 
alloy steel capable of meeting the 
stringent engineering requirements 
at temperatures as low as — 423°F. 
has been reported by the Lebanon 
Steel Foundry, U.S. A. (Chem. Age, 
1949, 61. 214). 

An austenitic cast ferrous alloy 
containing 19-50 per cent chro- 
mium and 9 per cent nickel, among 
other alloying constituents, the 
new alloy promises to have parti- 
cularly useful applications in 
meeting the requirements of the 
chemical and some other process- 
ing industries. It has already 
been used effectively in the pro- 
duction of steel castings for pres- 
sure equipment in storage facilities 
for liquid oxygen used as a pro- 
pellant for rocket engines. Such 
storage is maintained under high 
pressures at temperatures of 
approximately ~298''F. In pros- 
pect are other applications in 
various restricted ordnance fields. 

The new cast steel has shown 
no structural changes down to 
— 423^’F. and extensive tests have 
indicated appreciable increase in 
hardness directly proportional to 
the decrease in temperature. An 
added factor of engineering im- 
portance to designers and develop- 
ment engineers is seen in the fact 
that tensile strength of the parti- 
cular cast austenitic alloy varies 
inversely with temperature, and in 
direct relationship with hardness. 
Ductility is lowered somewhat, 
however, but not in proportion to 
the increase in tensile strength, 
which is estimated to be approxi- 
mately 200,000 p.s.i. at -423°F., 
with retention of adequate 
strength factors and resistance to 
embrittlement. 

The alloy may be welded by 
either gas or electric processes 
without the need for subsequent 
heat treatment, since low tempera- 
tures do not necessarily impair the 
as-welded impact resistance. No 
embrittlement from low tempera- 
ture has been noted in the cast 
alloy from welds or adjacent fusion 
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zones made from the same compo- 
sition, nor any transition zone has 
been noted in test work covering a 
large number of production heats. 

Low-octane Gasoline 

as Motor Fuel 

Low-octane gasoline, fortified 
by periodic injections of alcohol 
and water has given successful 
runs in tests conducted by the 
U.S. Department of Agriculture {J. 
Franklin Inst., 1949, 248, 190). 
The trial truck operated as well on 
58-octane gasoline and alcohol- 
water injection as it would on 
regular gasoline, which has an 
octane rating of 74 or better. The 
alcohol- water mixture ( 85 per 
cent alcohol, 15 per cent water) 
was injected automatically into 
the truck's carburetter when the 
engine was under heavy load, as 
in climbing hills, accelerating in 
traffic, or passing other vehicles. 
This enabled the engine to give 
knock-free performance even with 
the low-octane gasoline. 

In a second trial the engine of 
the truck was equipped with a 
high compression head ( 8*25 to 1 
compression ratio). This made 
it necessary to supply the engine 
with fuel having an effective 
octane rating of at least 85. On 
this trip 74-octane gasoline plus 
alcohol-water injection was used 
satisfactorily. 

Alcohol is equivalent to 100- 
octane fuel, and it can be used to 
increase the effective octane rat- 
ing — or anti-knock quality — 
of gasoline. It thus makes pos- 
sible wider use of low-octane 
fuels, which are cheaper and can 
be produced from petroleum in 
greater quantity than high-octane 
gasoline. 

Protective Clothing 

Complete resistance to most 
acids and alkalis, light weight, 
and flexibility are some of the 
outstanding advantages offered 
by the protective clothing recently 
developed by Plysu Products Limi- 
ted {Industr. Chemist, 1949, 25, 
399). The protective clothing 
has already been widely used in 
chemical laboratories. 

The clothing is made from vinyl 
sheeting based on a vinyl chloride 
acetate copolymer resin which 
enables a coat to be manufactured 
in. thick where ^^5,, in. 
is the safe minimum, using sheets 
based on other synthetic resins. 

This clothing offers complete 
resistance to acids. It is not 
affected by alcohol, steam, carbolic 
^tcid, chlorine or other corrosive 


agents and it possesses good flame 
resistance because vinyl sheeting 
does not support combustion. No 
stitching is employed in the manu- 
facture of this clothing, and all 
seams are heat sealed by a high- 
frequency welding process. 

New Vitamin Factor 

A NEW VITAMIN FACTOR, BIOCYTIN, 

has been isolated from yeast. 
Biocytin occurs in nature only in 
infinitesimal amounts. Yeast ex- 
tract has one part of biocytin per 
million of dry matter. More than 
8 tons of the extract processed 
yielded less than .,\,th oz. of the 
pure material ( Sci. Newsletter, 
1949, 56, 137). 

Field Station for 

Ionospheric Investigations 

In recognition of the research 
work carried out by the University 
of Calcutta in the ionospheric field, 
and to assist it in its present inves- 
tigations, the Australian Council 
for Scientific & Industrial Re- 
search has loaned ionospheric 
apparatus ( made in Australia ) to 
the University. 

The apparatus will be installed 
at Harinaghata, about 30 miles 
from Calcutta. The Council of 
Scientific & Industrial Research, 
India has made a grant of 
Rs. 80,000 for the construction of 
the field station. Calcutta Uni- 
versity, in collaboration with the 
Indian C.S.I.R., will train about 
a dozen students in the technique 
of ionospheric investigation each 
year. 

Statistical Training Centre 

An international training cen- 
tre giving courses on censuses and 
statistics in different parts of the 
world has been started in New 
Delhi. 

The centre has been jointly 
sponsored by the United Nations 
Organization, the FAO and the 
Government of India for the 
purpose of helping countries in 
censuses and statistical tech- 
niques and in disseminating in- 
formation on the international 
recommendations for the agricul- 
tural and population censuses to 
be taken in or around 1950. 

Cultivation of 

Drug- bearing Plants 

A BOTANICAL EXPERIMENT STA- 

tion for cultivation of drug-bear- 
ing plants has been set up at the 
College of Ozarks, Clarksville, in 
the United States, to aid re- 
searches for establishing the best 


conditions for growing the plants 
as a regular crop. Hydroponic 
installations are set up where 
1 5-20 simulated conditions can be 
studied for each type of plant 
whose complete life cycle from 
germination to harvest is observed 
( Ind. S' Eng. Chem., 1949, 41, 7A). 

Indian Standards 

Storage Batteries 6- Cells — The 
Sectional Committee on Electrical 
Accessories and Batteries has pre- 
pared a draft Indian Standard 
Specification for Lead- Acid Sto- 
rage Batteries, Leclanche-type 
Dry Cells and Bat eries for 
Flash Lamps. 

In preparing the draft stan- 
dard, the ISI have given due 
weight to the existing foreign 
standards on the subject. Parti- 
cular care has been taken to adapt 
these for conditions prevailing in 
India. While the specification 
relates essentially to cells and 
batteries for use in flash lamps, it 
can also be applied to the use of 
cells for certain general require- 
ments. The standard contains 
definitions of terms used in indus- 
try, designations of cells and 
batteries, standard dimensions, 
requirements of workmanship, 
materials of construction, perfor- 
mance requirements, marking, 
rating and tests for initial voltage, 
initial and delayed life of cells. 

Comments on the draft which 
has been widely circulated will 
be received up to December 31, 

1949. 

Paints dv Enamels — The chemi- 
cal composition and physical pro- 
perties of different types of paints 
and enamels have been prescribed 
and special methods for testing 
their characteristics otherwi.se not 
included in the general specifica- 
tions are detailed in the 69 drafts 
on ready-mixed paints and ena- 
mels. 

Comments on these draft stan- 
dards will be received by the 
Director till January 1, 1950. 

Oil Paints — The 16 draft stan- 
dards deal with chemical composi- 
tion and physical properties of oil 
pastes for paints, including special 
methods for testing their quality, 
otherwise not included in the 
general specifications. Comments 
will be received up to January 5, 

1950. 

Moisture Content of Timber — 
“ Draft Indian Standard Recom- 
mendations for Maximum Permis- 
sible Moisture Content of Timber 
for Different Purposes in Climate 
Zones ” have been issued by the 
Timber Products Sectional Com- 
mittee. 
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The object of this standard is to 
fix a maximum limit of moisture 
content for various stores to be 
used in the 4 climate zones into 
which the country has been 
broadly divided. The standard 
describes the areas covered by the 
4 timber zones and the limits of 
maximum moisture content for 
25 major varieties of timber stores. 
A map of India outlining the 
different climatic zones used for 
fixing the maximum moisture con- 
tent for seasoned wood is also 
appended. 

Comments on this standard will 
be received by the Director till 
January 15, 1950. 

Classification & Zonal Distribu- 
tion of Timber — For the purpose 
of this standard, India has been 
divided into 5 zones, keeping in 
view the political divisions of the 
country, the principal timber- 
consuming centres and the forest 
areas which feed them. The 
draft details the zonal distribution 
of all the common commercial 
timbers in India, classified accord- 
ing to their suitability for various 
categories of uses. In addition to 
trade names, botanical names and 
local names of commercial timbers 
in the several zones are given. A 
ponvenient map outlining the 5 
zones is included. 

Comments will be received by 
the Director till January 15, 1950. 

Bose Research Institute 

The Annual Report ( 1948-49 ) 
of the Bose Research Institute 
reviews the research activities of 
the Institute under the following 
heads : 

Physics — Valuable observa- 
tions on cosmic rays have been 
recorded in the 4*5 litre high- 
pressure ( 11 atm.) steel ionization 
chamber of the Institute. High 
initial cosmic ray activity was 
observed on the 25th January 
1949 during the, period of intense 
sun-spot activity. Among the 
important additions to the equip- 
ment in this section are ; (1) a 
small pressure ionization chamber 
for recording small atmospheric 
bursts ; (2) Wilson chamber fitted 
with anti-coincidence circuit to 
enable tracks of light particles 
emitted from slowed-down mesons 
to be photographed ; (3) photo- 
graphic emulsion for plates record- 
ing tracks of inonizing particles as 
varied as a-particles to fast elec- 
trons. In the field of nuclear 
physics, further progress is repor- 
ted in the chemical separation of 
radioactive elements. A low-pres- 
sure ionization chamber has been 
constructed for studying nuclear 


fission. Important ultrasonic in- 
vestigations are being undertaken 
with the newly designed per- 
manently evacuated glass triode 
valve MT 16 which generates elec- 
tromagnetic oscillations of fre- 
quencies of the order of 1 mega- 
cycle per sec. A new apparatus 
for generation of atom ions 
is being tried since last year 
as the old generator construct- 
ed at the Institute was found 
unsuitable. 

Chemistry — A method for the 
preparation of soluble salts of 
Chincona febrifuge in a dry amor- 
phous state has been worked out. 
Synthesis of sesquiterpenes — 
a and p selenines — has been 
effected. Interesting develop- 
ments in the synthesis of Penicillin 
amine are reported. On the 
applied chemistry side, promising 
results have been obtained in the 
desulphurization of coal ; a re- 
moval of 89-3 per cent of the total 
sulphur content in Ledo coal 
( Assam ) has been effected. About 
25 per cent of sulphur has been 
recovered in elementary form. 
Impregnation of bleached jute yarn 
with synthetic resins ( of which 
melamine resin has been found 
most suitable ) to restore the wet 
strength which it loses during 
bleaching, has been satisfactorily 
attained. 

Plant Physiology, Plant Breeding 
Cytogenetics — Work in this 
field includes recovery of the 
active ( irritability ) substance 
from Mimosa pudica, mechanism 
of transmission of excitation in 
Mimosa pudica, photo-synthesis in 
H y dr ilia, rCidXion between electric 
and mechanical responses in plants 
under tropic stimulation, nastic 
movements induced in plants by 
application of chemical growth 
substances, and nutritional experi- 
ments on cinchona plants. Cotton- 
breeding investigations for evolv- 
ing long-stapled disease-resistant 
types suitable for cultivation in 
the delta areas of Bengal resulted 
in an increased yield of the hybrids 
in the F6 generations. Manurial 
experiments showed that compost 
and cow-dung at the rate of 10 
tons per acre gave best yields on 
Aman paddy representing an 
increase of 17 per cent over the 
control. X-ray irradiation and 
chemical treatment of jute being 
carried on under the scheme 
financed by the Indian Central 
Jute Committee has produced new 
mutant strains with desirable 
economic characters. Saline water 
experiments indicated that types 
in C. Capsularis could stand saline 
conditions. 


Proposals for enlarging the 
scope of research activities of the 
Institute are among the main 
recommendations made by the 
Vallarta Reviewing Committee. For 
the implementation of these 
recommendations, the committee 
considered that capital grants of 
Rs. 1,70,000/- for building, 
Rs. 3,00,000/- for workshop and 
laboratory equipment and a 
recurring grant of Rs. 2,70,000/- 
per annum would be necessary. 

The recurring grant received by 
the Institute during the year 
amounted to Rs. 1,00,000/- inclu- 
sive of allowance of Rs. 12,600/- 
and falls far too short of the 
amount required for effecting the 
proposed improvements in staff 
salaries. 

Two grant-in-aid schemes, " On 
the application of synthetic hor- 
mones as weed killers ” and “ On 
the role of earthworms in relation 
to soil fertility ” have been, on 
invitation, submitted to the ICAR 
by the Institute. Another scheme 
of investigation on oil seeds sub- 
mitted last year to the All-India 
Oil Seeds Committee has been 
accepted and a grant has been 
sanctioned. A grant of Rs. 6,000/- 
has been received from Burmah 
Oil Company for palaeobotanical 
investigations. Of the old grant- 
in-aid schemes, those on " Physio- 
logical investigations on cin- 
chona ”, and pilot-plant investi- 
gations on the economics of 
recovering quinine from the woody 
protein of the cinchona trees have 
been terminated, as the Health 
Ministry intimated their inability, 
in view of the present financial 
stringency, to renew the grants for 
the coming year. This work has 
had to be discontinued at a time 
when interesting results were 
being obtained. 

The 10/A Sir J.C. Bose Memorial 
Lecture was delivered by Prof. 
K. N. Bahl of the University of 
Lucknow on Recent Advances in 
Our Knowledge of Nerves. 

Indian Lac Cess Committee 

The activities of the Indian 
Lac Cess Committee have been 
reviewed in a recent booklet 
published by the Director, Indian 
Lac Research Institute. 

The activities fall under two 
main heads : (1) organization of 
lac research, including the manage- 
ment and maintenance of the 
Indian Lac Research Institute, 
and the dissemination of the 
results of research with a view to 
their adoption by appropriate 
interests ; and (2) improvement of 
the marketing conditions. 
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Marketing of Lac — With regard 
to the improvement of, marketing 
conditions, the first act of the 
Committee was the institution of 
a Crop Statistical Section under a 
crop statistician. The second 
step in this direction has been 
the institution of marketing 
survey. 

Recently, the Committee depu- 
ted the Director of the Indian Lac 
Research Institute to study the 

E resent position and future possi- 
ilities of lac abroad. The follow- 
ing significant points have come to 
light in the course of his visit to 
the U.S.A. : (1) synthetics have 
replaced lac in many of its known 
uses in the U.K. and the U.S.A. 
on price considerations alone ; 

(2) stabilization of prices at a 
lower level is essential for main- 
tenance of high level of exports ; 

(3) for stabilizing prices and to 
meet post-war demands, cultiva- 
tion of lac has to be extended ; 

(4) funds should be provided for 
trade publicity in the U.S.A. and 
other consuming countries ; (5) if 
India fails to meet overseas 
demand for lac at economic prices, 
Siamese lac industry, which is 
still in its infancy, is likely to 
undermine the position of Indian 
lac in foreign markets ; and 
(6) only standard grades of lac are 
to be exported. 

Research — Under the auspices 
of the Committee, researches have 
been conducted side by side on the 
life-history and bionomics of lac 
insects, and on the fundamental 
physico-chemical properties of lac, 
such theoretical studies being 
followed wherever possible by 
ancillary practical developments. 
On the entomological side, the 
work on the collection of broodlac 
has led to the development of a 
simple, accurate visual method of 
forecasting the swarming of lac 
larvae, thus enabling the cultiva- 
tor to know the proper time to 
harvest the crop. 

An important aspect of lac 
cultivation is the preservation of 
broodlac from the Baisakhi crop 
( maturing in J une ) and find 
means for protecting growing lac 
from the intense summer heat. 
Partial pruning of ber ( Zizyphus 
jujuba ), the host plant, before or 
after the infection of the Baisakhi 
crop and the partial defoliation of 
palas (Butea frondosa), another 
host plant, before infection, affords 
the necessary protection to the 
insects from the intense heat and 
prevents their untimely death. 
As much as 30 per cent saving in 
broodlac has been effected by this 
practice. 


The above problem has been 
also solved by growing lac on 
ordinary non-lac hosts such as 
Albizza lucida, Ficus bengalensis, 
and Ougenia dalbergioides. The 
results achieved by this method 
have been quite encouraging. 

The preservation of broodlac 
from the Jan. -Feb. crop on kusum 
( Schleichera trijuga ) is different in 
that the larvae emerge late 
because of the cold and humid 
weather. This is overcome by 
effecting artificial emergence of 
the larvae in warm rooms and 
then transferring the brood on to 
the trees. 

Another important finding in 
regard to the kusmi crop relates 
to the successful infection of 
khair ( Acacia catechu ) by the 
kusmi strain for growing kusmi 
lac. This alteration of kusmi 
brood with khair and vice versa 
results in increased production of 
the kusmi strain, which is known 
to produce superior quality of lac. 

Other results of practical im- 
portance relate to the elucidation 
of the comparative role of the male 
and female insects in lac secretion 
and the asexual production of the 
females, the correct pruning 
methods and sea.sons of lac hosts, 
the use of suitable types of prun- 
ing instruments such as have been 
designed by the Institute, and 
cultivation of lac by the coupe 
system ( this system ensures ade- 
quate periodic rest to the trees 
and thus adds not only to their 
life and vigour but also to their 
output ). Systematic researches 
have also revealed the suitability 
of particular species of hosts for 
particular crops, the bad effects of 
self-infection of host trees, etc. 

It is estimated that 40 to 50 per 
cent of lac crop is destroyed by 
enemy insects, which function as 
parasites or predators to the lac 
insects. The most important 
enemy is Eublemma amabilis which 
accounts for more than half the 
total damage. 

The following methods have 
proved efficacious in dealing with 
the predators : (1) encasing of 
broodlac sticks in 60-mesh wire- 
gauge baskets, which allow emer- 
gence of lac larvae but not of the 
enemy insects ; (2) immersion of 
lac sticks in water for a prescribed 
time, which suffocates the preda- 
tors to death ; (3) collection of lac 
from lac sticks immediately after 
harvesting and killing the enemy 
larvae either by throwing them 
into fire or crushing ; (4) not culti- 
vating early-maturing and late- 
maturing varieties of lac simul- 
taneously in the same locality, as 


the enemy insects from the early 
varieties attack the late varieties 
and thus establi.sh themselves 
better because of the continuous 
food supply. 

Fundamental Research — Work 
has been done on such fundamen- 
tal topics as the nature of the 
constituents of shellac, their mole- 
cular weight, basicity, etc. But 
the most outstanding results 
achieved in this latter field have 
been those relating to the nature 
of shellac in solutions. It has 
been established by studies on 
the viscosity, osmotic pressure, 
dialysis, etc., that, contrary to the 
previous idea which was based on 
its apparent behaviour, shellac is 
essentially non-colloidal, under- 
going molecular dispersion at low 
concentrations. Its seemingly col- 
loidal behaviour in relatively con- 
centrated solutions has been 
traced back to its tendency to 
form clusters of solvated com- 
plexes with comparatively large 
surfaces which, serving as they do 
as seats of secondary forces, 
stimulate colloidal properties such 
as tendency to gel formation, high 
viscosity, etc. The idea of solva- 
tion has proved of great practical 
value in the discovery of " mixed 
solvents " for shellac. The dis- 
covery and the understanding of 
this phenomenon of " mixed sol- 
vents ", besides resolving some 
previously known anomalies in 
shellac chemistry { e.g. precipita- 
tion on dilution ), have been 
found to be of general validity and 
usefulness in the chemistry of 
other resins also. 

The dielectric studies on lac and 
its constituent resins { hard and 
soft lac resins ) have clarified the 
role of moisture in shellac and 
revealed its " non-tacking " pro- 
perty ; incidentally it is this 
property that marks out its 
innate superiority over many 
synthetic resins in electrical 
applications. 

Applied Research — A recent 
development of importance to be 
especially noted under this cate- 
gory is successful working out of 
the " autoclave method " for the 
manufacture of shellac. This 
method eliminates the use of cloth 
and charcoal, two costly materials, 
and does not require a solvent like 
alcohol ; it is also less time-con- 
suming, which all combine to 
make it much cheaper than the 
well-known indigenous process. 
Judged by the results of pilot- 
plant trials, its another advantage 
is that it is equally adaptable to 
both small-scale and large-scale 
operations. 
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In industry the scope of the 
applicability of lac has been 
definitely widened by entirely new 
developments in lac varnishes, 
plastics and adhesives. In the 
field of varnishes, for example, in 
spite of lac being an ideal ingre- 
dient of spirit-soluble varnishes, 
it had but restricted use in other 
types of varnishes, chiefly on 
account of its natural incompatib- 
ility with linseed oil. The prob- 
lem has been solved in quite a 
number of ways : (1) use of linseed 
oil fatty acid instead of linseed oil 
itself, and reducing the acidity of 
the resulting product by treatment 
with glycerine ; (2) esterification 
of linseed oil fatty acid itself with 
glycerine and combining the re- 
sulting mixed glycerides with lac ; 
(3) cooking of certain proportions 
of metallic oxides, e.g. lime, red 
lead, etc., into linseed oil. These 
lac-oil combinations have been 
found eminently suitable as multi- 
purpose varnishes of both baking 
and air-drying types which can 
be used as dressings for “ oil- 
cloth ” or “ rexine ", varnished 
cambric, insulating cloth ( Empire 
cloth), home-recording discs, etc. 
Apart from these developments of 
lac-oil varnishes, substantial im- 
provement has been effected in 
spirit varnishes, particularly with 
regard to their water resistance, 
elasticity, adhesion, etc., by (i) pre- 
treatment of lac with small 
amounts of chemials like urea, 
maleic anhydride, etc. ; (ii) con- 
densation of lac with urea and 
formaldehyde ; (iii) incorporation 
of small amounts of spirit-soluble 
nitro-cellulose ; and (iv) conden- 
sing lac with cashew-nut shell 
liquid. 

Other developments in lac var- 
nishes have resulted from esteri- 
fication of lac or aleuritic acid 
with monohydric alcohols followed 
by the action of polybasic acids, 
e.g. maleic or phthalic anhydride 
and fatty acids ( e.g. linseed oil 
fatty acid ) . These new varnishes 
are found useful as coatings for 
electrical apparatus and resis- 
tances. 

A spray gun for spraying hot 
molten shellac has been developed. 
The gun has been found excellent 
for coating wood, paper, metal, 
concrete, glass, asbestos, stone- 
ware and various other surfaces. 
It is also found particularly useful 
for making laminated boards, 
tubes and such other electro- 
technical goods. 

Another important use of lac is 
in the field of adhesives. A num- 
ber of lac-based adhesives have 
been formulated. Aleuritic acid. 


treated with phthalic anhydride, 
urea, formalin, etc., gives a trans- 
parent adhesive useful for making 
safety glass, laminated fabrics, etc. 
Shellac-formaldehyde-urea resin, 
originally developed as a moulding 
composition, has proved to be a 
good binder for the production of 
water-resistant plywood. Other 
compositions have been developed 
useful for making waterproof abra- 
sive paper and grinding wheels 
which are already in commercial 
production. Flexible micanite, 
laminated hessian and paper, etc., 
are some of the other industrial 
products which can be made out 
of lac adhesives. 

Other developments of interest 
to the industry include prepara- 
tion of lac esters by reacting lac 
with mono- or poly-hydric alcohols 
or inorganic and organic acids 
including long-chain fatty acids. 
The resulting compounds may be 
used as plasticizers in polishes, 
sizes, waterproofing compositions, 
stoving varnishes, etc. Of these, 
lac-glycol ether esters, produced 
by reacting lac with ethylene gly- 
col followed by esterification with 
poly-basic acids, give a series of 
products finding applications in 
electrical and other industries as 
adhesives, varnishes, rubber subs- 
titutes, etc. Esterification of lac- 
glycol ethers with rosin gives rise 
to glyptal substitutes. The use of 
sodium carbonate in place of borax 
in the preparation of fur-felt hat 
stiffeners is a war-time develop- 
ment deserving special mention. 

A new method for the determi- 
nation of moisture in lac has been 
developed. This method, based on 
the principle of simultaneous infra- 
red heating and desiccation of a 
sample, reduces the time of mois- 
ture determination from the usual 
period of over 24 hr. to just 1 hr. 

Future of Lac — At the moment 
Indian lac is facing a two-sided 
attack which, unless stemmed 
rightaway now, threatens to 
develop into a serious crisis. On 
one side, Siam, which was so long 
entirely dependent on India for 
her exports, has succeeded in 
producing high-grade shellac and 
her direct export to U.S.A. and 
other countries are regularly on 
the increase. On the other side, 
the threat from synthetic resins 
has now materialized, and lac has 
been completely ousted from the 
gramophone record industry in 
the U.S.A. To arrest further 
deterioration in the position of lac, 
three steps have been considered 
essential by the Lac Cess Com- 
mittee : First, reorganization of 
the internal marketing system on 


a rational basis, for which a move 
is already afoot ; second : propa- 
ganda and publicity in the con- 
suming countries. A Lac Sales 
Officer has been appointed in the 
United Kingdom with a view to 
establishing first-hand contact 
with the consumers of lac and 
ascertaining their difficulties such 
as may be due to uneconomic 
prices, inadequate or adulterated 
supplies. Liaison is also being 
maintained with the U.S. Shellac 
Importers’ Association, which is 
expected to be further intensified 
in the shape of a joint publicity 
campaign to popularize lac in 
that country. The third move, 
perhaps the most important one 
judged by its long-term utility, is 
the reorganization of lac research 
along certain new lines. To 
develop the full potentialities of 
lac, fundamental research relating 
to its constitution is necessary. A 
beginning has already been made 
and the work on the constitution 
of lac now features as a major 
item of research under the Lac 
Cess Committee. 

Indian Standards Institution 

The second Annual Report of 
the Indian Standards Institution 
for the year 1948-49 records con- 
siderable progress in its organiza- 
tional and developmental activi- 
ties. A new division, the Chemi- 
cal Division Council, was inaugu- 
rated during the year. The number 
of committees and subcommittees 
functioning under the three exist- 
ing Division Councils rose to 200. 
As many as 587 items approved 
for standardization are being 
investigated ; at the close of the 
period under review, 209 draft 
standards are in advanced stages 
of development, while 9 have been 
published. 

The ISI depends upon the spe- 
cialized scientific agencies and 
institutions in the country, both 
governmental and private, for 
the preparation of the draft stan- 
dards, it being not in a position to 
undertake such varied activities 
on its own. Some of these agen- 
cies are : Government Test House, 
Alipore ; Geological Survey of 
India ; Technological Laboratories, 
Matunga, Bombay ; Indian Lac 
Research Institute, Namkum, 
Ranchi ; Tata Research Labora- 
tories, Jamshedpur; Delhi Cloth & 
General Mills Co. Ltd., Delhi. 

The ISI committees responsible 
for the Secretariat of the Inter- 
national Standards Organization 
( ISO ) for Shellac has finalized 
India’s draft proposals on seedlac, 
shellac and bleached lac. The 
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ISO Technical Committee on 
Mica had finalized 2 draft propo- 
sals on grading and classification 
of mica which have now been 
circulated as draft Indian stan- 
dards. These draft Indian stan- 
dards will, after finalization, be 
submitted as Secretariat proposals 
for international standardization. 
Through efforts of the Bell Tele- 
phone Laboratories, the A STM 
has, in recent years, developed 
objective methods of testing and 
classifying mica for electrical use. 
One of the features of these 
methods is that certain types of 
mica which, under the present 
visual classification system, come 
under lower grades, could be up- 
graded. One of the tasks recom- 
mended for the I SI committee on 
the subject is to examine these 
Tnethods for use by the Indian 
producers. 

The Bell Telephone Labora- 
tories have prepared a film 
demonstrating the operation of 
these methods and a copy of this 
film together with a set of mica 
samples demonstrating the up- 
grading process has been loaned 
to the I SI for 2 years. 

During his recent visit to 
the U.K., the U.S.A., Canada, 
Switzerland and other Continental 
countries, the Director of the ISI 
discussed with the Indian Trade 
Commissioners in Canada and 
U.S.A. the question of standard- 
ization of products exported from 
India to these countries. In addi- 
tion to shellac and mica, the major 
items of Indian export were : jute, 
carpet wool, coir products, carpets, 
manganese ore, chromium ore, 
sports goods. 

In the opinion of the Indian 
Trade Commissioners abroad, the 
absence of standards has been 
particularly felt in relation to 
carpet wool and floor coverings 
including coir mattings. The Com- 
merce Ministry was contacted to 
determine the extent of interest, 
to obtain technical data and to 
compile a list of parties concerned 
with the manufacture and export 
of these goods. The ISI has, in 
this context, decided to set up a 
special Committee for Control of 
Quality of Export Goods to for- 
mulate specific recommendations 
for the inspection and testing of 
important items of export and 
legislation required to enforce such 
a control. 

Under the scheme for certifica- 
tion marking, which is now under 
consideration, the ISI feels that 
the following commodities require 
immediate attention with regard 
to their standardization for export 


market : tobacco, sunn hemp, 
skins (goat and sheep), bristles, 
kapok, hair wool, oil seeds, vege- 
table oils, seedlac, shellac, coir and 
coir products, tea-chests, cotton 
textiles (a) seaworthy packing for 
cotton textiles, mica, manganese 
ore and sports goods. 

In addition to these commodi- 
ties, the question of standardizing 
all kinds of floor coverings pro- 
duced in India has recently been 
raised. Indian carpets used to 
find their way into export trade to 
a large extent in the past, but it is 
understood that this trade is fast 
dwindling, chiefly due to the fall in 
quality of goods more recently 
exported. In addition to quality 
consideration, there is the impor- 
tant question of developing new 
designs and styles to suit the taste 
of the foreign consumers. Little 
or no attempt has been made in 
an organized manner by the 
Indian industry to determine the 
tastes and needs of their foreign 
customers. In order to revive 
this trade, it is not only necessary 
to consider standardization, but 
also the organization of an agency 
to investigate the problems of 
design and styling and to advise 
the Indian producers. 

It has been proposed that the 
organization of a large export 
corporation mainly financed and 
controlled by the Government 
with the object of : (1) co-ordinat- 
ing production and procurement 
of floor coverings from all parts of 
India in collaboration with pro- 
vincial and state Directors of 
Industries ; (2) investigating tastes 
of foreign consumers to guide 
designs and styling ; (3) organizing 
training of skilled workers ; (4) 
assisting the ISI in developing 
standards for cottage-industry 
products of this nature ; (5) sup- 
plying technical guidance, data 
on preferred designs, raw mate- 
rials, and tools to cottage-scale 
producers ; etc. 

The Institution operated well 
within its allotted budget during 
the period under review. Although 
the year’s balance exceeds the 
anticipated opening balance of 
the next year by Rs. 50,000, the 
Institution is likely to face a 
budget deficit of Rs. 1,44,675 
during 1949-50 due to a rapid 
expansion in its activities. In 
view of this, the Government have 
been requested to increase the 
grant-in-aid from Rs. 2 lakhs to 
Rs. 4’5 lakhs for the next financial 
year. Similarly, the Commerce 
Ministry have been approached 
for an annual grant of Rs. 25,000 
to implement the decisions regard- 


ing the standardization of impor- 
tant items of export. 

Announcements 

Indian Science Congress, 1950 
Session — The 37th session of the 
Indian Science Congress Associa- 
tion is due to be held at Poona 
from January 3 to 8, 1950, under 
the presidentship of Professor 
P. C. Mahalanobis. A number of 
distinguished foreign scientists 
from the U.K., the U.S.A., France 
and the U.S.S.R. have been 
invited. Prof. Desmond Bernal of 
Birback College. University of 
London, Sir Robert Robinson, 
President of the Royal Society, 
accompanied by Lady Robinson, 
Prof. Joliot-Curie and Madame 
Joliot Curie, Prof. Herman Mark, 
who is an authority on polymer 
chemistry, and Dr. E. U. Condon, 
Director of the National Bureau 
of Standards, Washington, are 
expected to attend the session. It 
is also hoped that Prof. W. A. 
Engelhardt, of the Pavlov Insti- 
tute of Physiology, Academy of 
Sciences, U.S.S.R., will attend the 
session. 

Nobel Prize for A wards ( 1 949 ) : 
Chemistry — Prof. F. W. Giauque 
Berkley, California ; Physics — 
Prof. Hideki Yukawa, Japan ; 
Physiology and Medicine — shared 
by Dr. Rudolf Hess, Zurich Uni- 
versity Institute of Physiology, 
and Prof. Maritus Antonio Egas 
Moniz, Lisbon University. 

Fritzshe Award — Sir John L. 
Simonsen, Director, Colonian Pro.- 
ducts Research Council, has been 
awarded the American Fritzshe 
Award by the American Chemical 
Society. The award is instituted 
to recognize and encourage out- 
standing achievement in analysis, 
research and new applications of 
essential oils, essential oil isolates 
and related chemicals. Sir John 
is the first recipient of the award. 

Bibliographical Series of the Science 
Library of the Science Museum, 
London, have been received in the 
UNESCO Office, University Buil- 
dings, Delhi. Copies of the biblio- 
graphy on specific subjects can be 
duplicated and supplied on request. 

Publications of I nternational Scien- 
tific Union — Few copies of (1) 
Repertory of Cosmic Rays labora- 
tories and physicists and (2) Re- 
port on the Principles of Rheologi- 
cal Nomenclature, are available 
from UNESCO Office, University 
Buildings, Delhi. 

( Continued on page 507 ) 
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MYSORE 

Occupational Institutes 

An occupational institute to 
provide a diploma course in oil and 
soap technology and artisan 
courses in electric wiring, tailoring 
and spinning ( textile ) has been 
opened in Devangere. 

The Government have also 
sanctioned the starting of similar 
occupational institutes in Mysore 
City, Chintamani (Kolar district), 
Bhadravati ( Shimoga district ) 
and Hassan. 

The institute at Hassan will 
provide a diploma course in metal 
technology, artisan courses in 
electric wiring, auto mechanics, 
tailoring and dress-making, pot- 
tery and rattan work. The Chin- 
tamani institute will have, in 
addition, a diploma course in silk 
and woollen technology. 

Development of Mainad At e&s 

The Central Ministry of Agri- 
culture is taking concrete steps in 
co-ordination with the provincial 
governments concerned to develop 
the 21,000 sq. miles of territory 
comprising North Kanara district 
of Bombay, South Kanara district 
of Madras, and parts of Coorg and 
Mysore. 

The immediate aspect of the 
programme of development is to 
improve food production in some 
of these parts by the use of 
manures, better seeds, etc,, and 
bringing under cultivation fallow 
land by heavy tractors. 

The second, the short-term 
aspect, is colonization which is to 
be achieved by removing the 
malaria menace which has been 
responsible for de-populating the 
area. Finally, the long-term aspect 
of the plan includes setting up of 
forest industries, opening up of 
communications, development of 
ports and rubber plantations in 
this region. 

A Planning Committee consist- 
ing of experts from the Centre, 
the various . provinces and the 
states concerned, is surveying the 
area on the above lines. 


fom 

Provinces 

TRAVANCORE & COCHIN 

Aluminium Industries, 

Kundara 

The first factory in India to 
manufacture aluminium cables, 
both plain and steel reinforced, 
and cast aluminium electrical 
accessories, is being set up at 
Kundara in Travancore. 

The factory is equipped with 
latest wire drawing machines 
capable of drawing wire of thick- 
nesses from I in. to in. dia. 
at speeds ranging from 1,000 to 
2,000 ft. per min. The drawn 
wires are loaded on to cabling 
machines — “ stranders ", which 
strand steel wires on aluminium 
wires or vice versa to make a 
composite cable. The larger cables, 
having a diameter up to 4 in., are 
capable of carrying hundreds of 
thousands of h.p. of electricity 
over long distances. 

The aluminium foundry attach- 
ed to the wire mill is fitted with 
an electrically heated forced-air 
circulating furnace of the vertical- 
pit type used for solution heat 
treatment and precipitation and 
ageing treatments of aluminium 
alloys. This wiil enable the pro- 
duction of high-strength alloy 
accessories. 

A laboratory equipped with a 
Hooper conductivity bridge, a 
metallographic microscope and 
camera and other apparatus en- 
sures inspection and controls the 
quality of the products at different 
stages. 

The factory will manufacture 
2,000 tons of finished cables 
annually and will substantially 
meet the country’s requirements 
of the cables in the multi-purpose 
river and valley schemes which 
are now either in the planning 
stage or under execution. 

NEW DELHI 

Indian Oil Seeds Committee 

Measures to increase the pro- 
duction of oil seeds, improvement 
of marketing and distribution me- 
thods, and promotion of export 
trade in oil seeds were the princi- 
pal items discussed during the 


5th meeting of the Committee held 
in October. 

The President drew the atten- 
tion of the Committee to the 
dwindling exports of oil seeds. 
Only 2 lakh tons were exported 
in 1948-49 as against 8-10 lakh 
tons during the pre-war period. 
This was accounted for by high 
prices and higher internal demand. 
Increased production by careful 
crop planning and intensive culti- 
vation was urged to bring down 
prices and stimulate exports espe- 
cially to dollar areas With a view 
to take full advantage of devalua- 
tion of the rupee. The Committee 
accepted the principal recom- 
mendations of the Export Promo- 
tion Committee on the export of 
oil seeds. 

The establishment of a village 
oil industry institute at Nagpur 
to provide training in oil industry 
and undertake research work on 
improved ghanies, was recom- 
mended for developing the village 
oil industry. Co-operative socie- 
ties of village oil crushers in 
various provinces and states were 
also suggested. A scheme of 
multiplication and distribution of 
improved strains of groundnut in 
Bombay and various research 
schemes on oil seeds in other pro- 
vinces and states were recom- 
mended. A number of schemes 
for prevention of pests and 
diseases were also considered. 

New Steel Plants 

Recommendations on the loca- 
tion and working of new steel 
plants have been forwarded to 
the Government by the three 
foreign consultants appointed for 
the purpose. 

Keeping in view adequate trans- 
port, water supply, decentraliza- 
tion and strategic importance, the 
consultants have unanimously re- 
commended location of one of the 
plants in C.P. and the other in 
Orissa, each with a capacity of 
half a million tons. Two plants 
instead of one are favoured 
because of flexibility in produc- 
tion, rapid construction leading to 
early production, and facility for 
do ibling at a later date. The 
capital costs for each plant have 
beefi estimated between Rs. 50 to 
60 c'rores. Each plant is expected 
to t^ke 4 to 5 years for completion. 

/Vccording to the report, India's 
1953-55 demands for iron and 
steel which will be of the order of 
2*7 to 3*4 million tons annually, 
th^s leaving a deficit of not less 
than a million tons ( existing pro- 
ductions capacity being 1*3 million 
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tons ), confirms the necessity for 
new steel plants with a capacity 
not less than 1 million tons. This 
takes into account the expansion 
plans of existing producers. 

India's reserves of iron ore, 
coalfields at Jharia ( which are 
supposed to give the best coking 
coal), limestone, dolomite, manga- 
nese and fluorspar are adequate 
for working the plants provided 
stringent conservation and utiliza- 
tion of these researches is ensured. 

MADRAS 

The Oil Technological 

Institute 

The foundation-stone of “The 
Oil Technological Institute ”, the 
first of its kind in the province, 
was laid by the Minister for 
Revenue and Labour at Ananta- 
pur on August 26. 

The Institute, estimated to cost 
initially Rs. 6,29,850, has been 
designed on modern lines and will 
have research and special pilot 
laboratories equipped with up-to- 
date appliances. Its first session 
is expected to commence in 1950. 

The object of the Institute is to 
train apprentices leading to a 
diploma course in oil technology ; 
to undertake research work on 
solvent extraction of oils ; fat 
aplitting and manufacture of fatty 
acids and their metallic com- 
pounds ; manufacture of ground- 
nut butter ; essential oils ; plastics 
powder and moulding ; and crack- 
ing of vegetable oils for motor 
spirit. It will also deal with 
other problems relating to the pro- 
duction and processing of oils and 
oil industries. 

Having regard to the impor- 
tance of oil seeds, especially of 
groundnuts ( of which there are 
4 million acres under cultiva- 
tion ) in the economy of the pro- 
vince, the establishment of the 
Oil Technological Institute should 
provide bright chances of a speedy 
development of this area. 

UNITED PROVINCES 

Development of 

Cottage Industries 

The U.P. Cottage Industries 
Department organized a confer- 
ence of technicians and technolo- 
gists in celebration of the cottage 
industries week in September. 


The conference adopted reports 
of 8 of its subcommittees dealing 
with 15 different industries includ- 
ing handloom, dyeing and print- 
ing, carpet weaving, wool grading, 
fibres, hand-made paper, essential 
oils, cottage oil, ceramics, non- 
ferrous metals, tinning, electro- 
plating palm and cane and lac. 

Recommendations of these com- 
mittees deal with research in, and 
investigation of, technical prob- 
lems ; commercial exploitation of 
problems already satisfactorily 
solved in the laboratory and 
standardization of the products of 
various industries to be under- 
taken by the Indian Standards 
Institution and other Government 
agencies. A number of recom- 
mendations have been aimed at 
the improvement of the quality 
of the goods and exploration of 
fields of new industrial endeavour 
to stimulate the export trade of 
the country. For instance, it has 
been suggested that the Indian 
carpets be so standardized as to 
attract the foreign buyer, the 
quality of sunn hemp be improved 
for export and for furthering its 
utility in India ; the essential oil 
industry may cencentrate its 
efforts on increa.sed production of 
standardized products for which 
India is in a specially advantage- 
ous position. 

The conference has urged ex- 
peditious commercial exploitation 
of linseed fibre which can be 
converted into a useful substitute 
for jute but still continues to be 
consumed as a fuel. 

NOTES & NEWS 

( Continued from page 505 ) 

American Electroplaters* Society 
( A.E.S. ) has offered its Research 
Report published to date at a 
group price of $ 5.00. This re- 
presents a saving of $ 4.05 for a 
total of 14 reports which include 
the following : Adhesion of Elec- 
trodepo.sits, Determination of Im- 
purities in Electroplating Solu- 
tions, Stripping of Copper from 
Various Base Metals, Porosity of 
Electrodeposited Metals, Disposal 
of Plating Room Waste, Method 
of Testing Thickness of Electro- 
deposits, Physical Properties of 
Electrodeposits, and Effect of 
Impurities and Purification of 
Electroplating Solutions. The re- 


ports are available from the 
Society's Office at 473 York Road, 
Jenkintown, Pa. 

International Electrodeposition Con- 
ference — The 37th Annual Con- 
vention of the American Electro- 
platers* Society which is to be held 
from June 11 to 15, 1950, in 
Boston, Mass., U.S.A., will also be 
the venue for the 4th International 
Electrodeposition Conference which 
is being held with the collabora- 
tion of the Electrodepositors* Tech- 
nical Society of England. 

American Electrochemical Society — 
At a symposium on “ Electro- 
organic Chemistry ", held in 
Chicago during October. Dr. B. B. 
Dey presented a paper on “ Elec- 
trolytic Reduction of Aromatic 
Nitro Compounds in Acid and 
Alkaline Media The work re- 
ported in the paper is the outcome 
of a scheme of research financed 
by the Council of Scientific cS- 
Industrial Research. 

British Association for the Ad- 
vancement of Science — The annual 
meeting of the British Association 
in 1951 will be held in Edinburgh 
under the presidentship of H.R.H. 
the Duke of Edinburgh. Sir 
Harold Hartley has been elected 
president for the year 1950. 

Mathematical Society — The 16th 
Conference of the Indian Mathe- 
matical .Society will be held in 
Madras under the auspices of the 
University of Madras on 26th, 
27th and 28th December 1949. 

Commonwealth Research Grants for 
India — The British Council has, 
in pursuance of the scheme 
established last year at the 
Congress of Universities of the 
Commonwealth, awarded travel 
grants to two Indians for studies 
at British universities. The bene- 
ficiaries are : Mr. O. P. Bhatnagar 
of Allahabad University and Mr. 
B. Bhattacharya of Hindu Uni- 
versity, Banaras. 

Indian Central Cotton Committee — 
The following have been appoint- 
ed as members of the Indian 
Central Cotton Committee : Shri 
R. G. Saraiya ; Shri Madanmohan 
Mangaldas ; Shri G. M. Kothari ; 
Shri A. K. D. Balarama Raja ; 
Shri Narayan Dass Mukerjee ; 
and Seth Bhogilal M. Shah. 



INDIAN PATENTS 


The following is a list of a few of the Patent Applications 
notified as accepted in the Gazette of India, Part II, Section 1, 
for October 1949. 


Plastics & Plasticisers 

39982. Electrical & Musical Industries Ltd. : 
Gramophone records : Comprising shellac as 
thermoplastic ingredient and a bituminous subs- 
tance in admixture therewith whereby separation 
is prevented. 

Inorganic Chemicals 

40889. Anglo-Iranian Oil Co. Ltd. ; Catalysts : 
Reacting cobalt nitrate and ammonium molyb- 
date in excess of ammonia and mixing the solution 
with anhydrous porous gamma alumina. 

Organic Chemicals 

39648. I.C.I. Ltd. : Terephthalic acid ; Passing 
oxygen into liquid p-xylene containing an 
oxidation catalyst. 

Miscellaneous Chemicals 

39616. I.C.I, Ltd. : Process for the manufacture of 
leuco sulphuric ester derivatives of vat dye- 
stuffs : Sulphation is carried out in the presence 
of an organic amide in which hydrogen atoms 
attached to the amide nitrogen atom have been 
replaced by hydrocarbon radicals. 

39620. I.C.I. Ltd. ; New dyestuffs : Sulphating in 
the presence of an organic amide in which the 
hydrogen atoms are attached to the amide nitro- 
gen atom. 

39741. I.C.I. Ltd. : New hydroxy fatty acid ester 
ethers : Converting estrolides of hydroxy fatty 
acids into their ester-ethers with ethylene glycol 
and or polyethylene glycol. 

Drugs & Pharmaceuticals 

39282. Eli Lilly & Co. : Improvements in or 
relating to process of obtaining crystalline salts 
of penicillin with sodium, potassium or ammo- 
nium : Transforming the aqueous solution of 
such salt that is obtained directly from the orga- 
nic solvent extract of a penicillin broth into a 


reduced volume solution of such salt in a solvent 
of which 95 per cent is an organic solvent. 

Metals & Metal Products 

39893. Meehanite Metal Corp. : White cast 
iron castings : Preparing molten cast iron which 
produces a constitutional carbide value of H to 
n times white and processing it to produce a 
processed carbide value of 1 to 21 times white. 

40271. G.E.C. Ltd. : Cold welding of ductile metals : 
Cold pressure welding of two ductile metals of 
different hardness wherein area of applied 
pressure is greater for the metal of lower hard- 
ness. 

Printing, Publishing &. Allied Industries 

39615. I.C.I. Ltd. : Preservation of rubber latex: 
Mixing latex with a colloid stabilizer and a 
neutral bactericide. 

Textile Be Textile Products 

39617. I.C.I. Ltd. : A new white fluorescent subs- 
tance for textile treatment : Reacting cyanuric 
choloride with diaminostilbene disulphonic acid 
and diethanolamine. 

39618. Reacting cyanuric chloride with diaminos- 
tilbene disulphonic acid and monoethanolamine. 

39619. Reacting cyanuric chloride, diaminostilbene 
disulphonic acid, monoethanolamine and an 
amine. 

38986. The Dayton Rubber Company : A method 
and device for impregnating textile materials 
with liquid : Consisting of a pair of co-operating 
rollers one of which immerges into a sizing bath 
and the other is provided on the outside with 
sponge-like structure. 

39793. I.C.I. Ltd. : New dyestuffs for dyeing wool 
by the chromate process : Comprises coupling 
diazotized 5 sulphoanthranilic acid with l-( p-2 
ft. or 4 ft. chlorophenoxyphenyl ) -Z-methyl-S 
pyrazolone. 


Exhibition of Patents & Inventions 
and Designs & Trade Marks 


The Lord Reay Maharashtra Indus- 
trial Museum, Poona, is organizing an 
Exhibition of Patents & Inventions 
and Designs & Trade Marks in January 
1950, on the occasion of the Session of 
the Indian Science Congress which is going 
to be held in Poona. 


The last exhibition on this subject was 
organized by the Museum three years 
ago. The Exhibition opens on the 1st of 
January 1950 and concludes on the 3rd of 
March. The charge for exhibiting will be 
Rs. 20 per exhibit. The exhibits will be 
received up to 20th December 1949. 
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Aromatic Plants of India 

Family XL - LEGUMINOSAE 

( Pulse or Bean Family ) 


^HIS is one of tlie most cosmopolitan 
^ and the second largest family of 
flowering plants, with about 500 genera 
and 12,000 species of herbs, shrubs, lianas, 
and trees. The flowers are usually irregular 
and pa|)ilionaceous (like that of pea) or 
rarely regular. The fruit is a true pod or 
legume. 

The family comprises three subfamilies ; 
the largest is th(; Papilionatae which is 
cosmopolitan and the other two, Caesal- 
])ini()idea(^ and Mimosoideae, are found 
mostly in tlu‘ tropical and warm temperate 
zones. These subfamilies are nowadays 
recognized by botanists to constitute distinct 
families, but for the sake of convcaiience are 
being dealt with together under Legurni- 
nosae in this work. 

The Leguminosacs taken as a whole, is 
the most im})ortant family in India from 
the economic point of view. A large 
numl)er of sj)ecies yield food, fodder, 
drugs, insecticides, hbres, gums and resins, 
fatty oils, tanning materials, dyes, timbers, 
etc., and many others are grown in gardens 
and avenues as ornamental plants, shade 
trees and for hedges. A very interesting 
feature, which gives to this family an out- 
standing im|)ortance, is the i)ower of fixing 
the free nitrogen of the air by means of the 
peculiar bacterial organisms, present in the 
root-nodules of many plants, thus auto- 
matically rejuv(‘nating the soil on which 
they grow. I'his fact lias been taken 
advantage of in economic agriculture. 

The seeds of many jilants of the family 
are edible, and some of the familiar ones are : 
groundnut or peanut (Arachis hypogaea 
Linn.), gram or chick-])ea (Cicer arictinum 
Linn.), pea [Pimm sativum Linn.), pigeon 
pea or harhar [Cajanus cajan (Linn.) Millsp., 
syn. C. indicus Spreng.J, lentil or masur 
(Lens csculenta Moench, syn. Ervum lens 
Linn.), urd (Phaseolus mungo Linn., var. 
roxhurghii Prain), mung [Phaseolus radiatus 
Linn.), French bean or kidney bean [Phaseo- 
lus vulgaris Linn.), Lima bean or Duffin 
bean [Phaseolus lunatus Linn.), moth [Phaseo- 
lus aeoflitifoliiis Jacq.), rawan or barbatti 
[Vigyia sinensis (Linn.) Savi ex Hassk., 


syn. V. catjang Walp. and V. catiang FI. 
Brit. Ind.j, soya bean \Glycine max (Linn.) 
Merr., syn. G. soja Sieb. & Zucc. j, broad bean 
[Vieia faba Linn.), chickling vetch or khesari 
[Lathy r us sativus Linn.), etc. Tl'e young 
pods of sem [Doliehos lablab Lir i.), jack 
bean or horse bc‘an \Canavalia ensiformis 
(Linn.) DC.], cluster bean or guar \Cyamopsis 
tetragonoloba (Linn.) Taub., syn. C. psoralioi- 
des DC. j and some species of Phaseolus, 
Vigna, etc., are also extensively eaten in 
this country. The leaves of Lnugreek or 
methi [Trigonclla foenum-graecum Linn.) are 
commonly eaten as a vegetalile. Horse 
gram or kooltee [Doliehos biflorus Linn.), 
lucerne or alfalfa [Medicago sativa Linn.), 
clovers and sweet clovers (species of Tri- 
folium and M cl i lotus) are some of the famous 
fodder plants. Kudzu bean [Pueraria thun- 
bergiana (Sieb. (S: Zucc.) Ikmth.] of Japan 
and F. Asia has been nxcntly introduced 
into India, it is a perennial vine which 
yields good fodder. A \aluable starch is 
prepared and marketed in E. Asia from its 
large tuberous roots, which, in favourable 
climates, are said to attain a wi'ight of over 
80 lbs. 

As sources of fatty oils or solid fats, 
groundnut, soya b(*an, and karanj [Pongamia 
pimuita (Linn.) Merr., syn. /^ glabra Vent.] 
are well known. 

Important dyi's are obtained from the 
indigo plant (Indigofera tinctoria Linn.), 
palas [liuiea monosperma (Lam.) Kuntze, 
syn. B. frondosa Koen. ex Ivoxb.], sappan- 
wood [Caesalpinia sap pan Linn.), red sanders- 
wood or red sandalwood [Pterocarpus santa- 
linus Linn. /.), barwood or camwood [Baphia 
nitida Afzel ex Lodd.) of Africa, logwood 
[Haematoxylon campechianum Linn.), etc. 
Logwood is the source of the well-known 
laboratory stain haernatoxylin, and is some- 
times cultivated in Indian gardens. 

The dried decoction of khairwood [Acacia 
catechu (Linn.) Willd.j is the hatha, which 
is an important ingredient of pan or betel- 
leaf preparation. Katha consists of cate- 
chin which is used in medicine, and catechu 
which is used for dyeing, especially brown 
and composite shades on cotton, tanning, 
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preserving fishing nets, etc. Similar pre- 
parations are also made from Acacia chundra 

Wind. 

Like the wattle bark irom Acacia mollissima 
Willd., the barks of babul [Acacia arabica 
(Lam.) Wind.] and tanner’s cassia, avaram 
or tarwad {Cassia auriculata Linn.) are among 
the most important tanning materials of 
India. The pods of divi-divi or American 
sumach [Caesalpinia coriaria (Jacq.) Willd.] 
are rich in tanning materials ; this plant 
is often cultivated in India. 

One of the most important commercial 
gums is obtained from a plant of this family. 
This is the gum tragacanth from Astragalus 
gummifer Labill. and other species of Astra- 
galus. The gum arabic is obtained from 
Acacia Senegal (Linn.) Willd. and the gum 
babul from A. arabica (Lam.) Willd. Ptero- 
carpus marsupium Roxb. is the source of 
kino, an astringent gum used in medicine 
and also for dyeing and tanning purposes. 
The mesquite gum is obtained from the 
American Prosopis glandulosa Torr. and 
P. chilensis (Molina) Stuntz [P. juliflora 
(Sw.) DC.], which are cultivated in India. 
Tragasol is derived from the pods of the 
Syrian carob tree {Ceratonia siliqtia Linn.). 
Attempts have often been made to cultivate 
the carob tree in India, but have not on the 
whole succeeded very well. The tree fruits 
very scantily under Indian conditions. 

Several African trees yield copals (hard 
resins), which are used in making varnishes. 
The Zanzibar copal and the closely allied 
Madagascar and Mozambique copals are 
obtained from Trachylobium verrucosum 
(Gaertn.) Oliver. Zanzibar copal is the 
hardest of all resins, except amber, and is 
very valuable. The resin exudes naturally 
from the trunk, branches and fruit, but 
most of the commercial supply is obtained 
from the semi-fossil material from the still 
living trees, and the fossil material from the 
trees which no longer exist. Congo copal 
is derived from Copaifera demeusei Harms 
and C. mopane J. Kirk ex Benth. of the 
Congo basin. Sierra Leone copal is obtained 
from C. guibourtiana Benth. and C. sali- 
kounda Heckel of Sierra Leone. The 
S. American copal is derived from the 
S. American locust (Hymenaea courharil 
Linn.) ; it is the softest of all copals, and 
consequently the least valuable. 

The acid fruit-pulp of tamarind {Tama- 
rindus indica Linn.) is extensively eaten in 
India, and the seed kernels are largely used 
for sizing purposes. The kernels are by 


far the cheapest source of a “ pectin ”, 
called jellose, which, though differing chemi- 
cally from the fruit pectins, is better than 
the latter in performance in so far that it 
sets to a jelly with sugar even without 
acids. 

Sunn hemp from Crotalaria juncea Linn, 
is a valuable fibre, and so is jayanti [Sesbania 
bispinosa (Jacq.) Fawcett & Rendle, syn. 
S. aculeata (Willd.) Pers.]. Solar hats or 
sola topees are made from the spongy stems 
of sola or pith plant {Aeschynomene aspera 
Linn.), a stout aquatic perennial plant. 

Considerable trade is done in the sapona- 
ceous pods of shikekai [Acacia concinna 
(Willd.) DC.] which are used for shampooing. 

Many plants, such as sissoo or shisham 
{Dalhergia sissoo Roxb.), Indian rosewood 
{Dalbergia latifolia Roxb.), ironwood [Xylia 
xylocarpa (Roxb.) Taub., syn. A', dolabri- 
formis Benth.], siris [Alhizzia lebbeck (Linn.) 
Benth.], Andaman padauk {Pterocarpus dal- 
bergioides Roxb., syn. P. indicus Baker, in 
part, non Willd.), Burma padauk {Ptero- 
carpus macrocarpus Kurz), red sanderswood 
or red sandalwood {Pterocarpus santalinus 
Linn. /.), bijasal {Pterocarpus marsupium 
Roxb.), babul [Acacia arabica (Lam.) Willd.], 
American ebony, cocus wood or granadillo 
[Brya ebenus (Linn.) I3C.], Australian black- 
wood {Acacia melanoxylon R. Br.), etc., 
yield valuable timber ; the last-mentioned 
is extensively planted in the Nilgiris. Re- 
cently, during the World War II, when the 
supplies of lignum vittae for the manufacture 
of marine propeller shafts became scarce, 
the wood from the Indian Acacia chundra 
Willd. was considered to be an excellent 
substitute and a considerable demand for 
it has arisen. 

Of the most familiar plants found in 
gardens and along roadsides in India may be 
mentioned, in addition to the several of the 
above, the sweet pea {Lathyrus odoratus 
Linn.) with various coloured flowers ; gul 
mohur or gold-mohur tree [ Delonix regia 
(Boj. ex Hook.) Rafin., syn. Poinciana regia 
Boj. ex Hook.] with red flowers ; asoka 
tree {Saraca indica Linn.) with brilliant 
orange-scarlet, fragrant flowers ; coral tree 
[Erythrina variegata Linn., var, orientalis 
(Linn.) Merr., syn. E. indica Lam.J with bril- 
liant scarlet flowers ; Indian laburnum {Cassia 
fistula Linn.), sau [Albizzia chinensis (Os- 
beck) Merr., syn. A. stipulata Boiv.] grown 
for its shade and for protecting tea planta- 
tions ; colvillea {Colvillea racemosa Boj.) 
with bright-orange flowers ; peacock flower 
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or Barbados pride [Caesalpinia pulchernma 
(Linn.) Sw.] with scarlet or yellow flowers ; 
species of Bauhinia, etc. 

The family contains the largest number of 
plants which are poisonous to fishes. Many 
of these, which are spread over 27 genera, 
are used as insecticides. The most im- 
portant of these are some species of Derris, 
such as D. elliptica (Roxb.) Benth. (tuba), 
from the roots of which an active insecticidal 
principle, rotenone, has been isolated. Ro- 
tenone has also been isolated from mem- 
bers of the genera Lonchocarpus, Millettia, 
Tephrosia, and others. The aromatic fenu- 
greek or methi (rrigonella foenum-graecum 
Linn.) is used as an insect repellent for 
stored grains in the Kangra district of the 
Punjab. 

The family contains a large number of 
medicinal plants, but only some of the more 
important ones are mentioned below. Liquo- 
rice root (Glycyrrhiza glabra Linn.) is largely 
used as a remedy for cough, as a purgative, 
and also to mask the taste of bitter and 
nauseous medicines ; it contains the glyco- 
side glycyrrhizin. Balsam of Tolu is obtained 
from Myroxylon hahamum (Linn.) Harms 
{M. toluiferum H. B. & K.), a native of 
Venezuela, Columbia and Peru, and con- 
tains an essential oil ; the balsam is much 
used as an expectorant, and as an ingredient 
in cough lozenges. The Calabar or ordeal 
bean {Physostigma venenosum Balf.), a tro- 
pical W. African climber, contains sevt^ral 
alkaloids of which eserine (physostigmine) 
is the most important. The alkaloid is 
used in ophthalmic practice to contract the 
pupils. Senna leaves and pods from Cassia 
angiistifolia Vahl and C. acutifolia Delile are 
well known as mild purgatives. The pulp 
of the pod of Indian laburnum or j)urging 
cassia {Cassia fistula Linn.) is used as a mild 
household laxative in India. Acacia Senegal 
(Linn.) Willd. and A. arabica (Lam.) Willd. 
are the sources of gum arabic and gum 
babul which are commonly used for emulsi- 
fying oily preparations, but have no medi- 
cinal value. Astragalus gummifer Labill, 
and other species of Astragalus of W. Asia 
yield gum tragacanth, which is used as an 
excipient for pills and for emulsions to 
suspend heavy powders in water ; none of 
the species yielding this gum is found in 
India. The gum kino from Pterocarpus 
marsupium Roxb. is used as an astringent, 
particularly for inflamed throats and as a 
mouthwash for spongy gums. The European 
broom (Cytisus scoparius Link), which has 


been introduced in the Nilgiris (Ootacamund), 
is used in Western medicine, chiefly 
as a diuretic. It contains sparteine and 
other alkaloids, and a soluble phenol, 
scoparin. 

Some plants are known to yield essential 
oils, while some others, though odoriferous, 
still remain uninvestigated. 

The yellow, strong-scented flower-heads 
of Acacia fame si ana (Linn.) Willd. cons- 
titute the cassie flowers which yield the 
cassie perfume of commerce. This perfume 
is very delicate, and is usually extracted 
in the form of a pomade. The yellow, 
sweet-scented flower-heads of the Australian 
Acacia dealbata Link and of some other 
species of Acacia are used for the prepa- 
ration of the well-known mimosa perfume. 
Both these species are described in detail 
later. 

Sweet pea {Lathy r us odoratus Linn.) is a 
well-known garden plant having elegant, 
sweet-scented flowers. Natural perfume 
from these flowers is not extracted on any 
large scale, and the bulk of the sweet -pea 
perfumes of commerce is synthetic. 

The flowers of the Spanish broom {Spar- 
tium junceum Linn.), a European shrub 
which is also sometimes cultivated for its 
fibre, have a powerful pleasant odour, which 
changes (]uickly after the flowers are cut. 
They are treated in Grasse by volatile 
solvents, and on rare occasions by macera- 
tion in a pomade. The extraction products 
of these flowers are among the precious raw 
materials for perfumery. The yield of 
petroleum ether concrete, which has a waxy 
aroma, varies between 0-09 and 0-18 per 
cent., and this concrete gives 30 to 40 per 
cent, of absolute. The concrete has con- 
gealing point 49*8^^ and saponification val. 
44-8. The absolute has acid val. 33*6 and 
ester val. 85*9. A distillate having ester 
val. 101 T has also been obtained in a yield 
of 5 per cent. (Naves & Mazuyer, i947. 
Natural Perfume Materials : p. 170). 

The flowers of another foreign broom 
{Genista tinctoria Linn.) have yielded 0T61 
per cent, of a petroleum ether concrete, 
which gave 53 per cent, of absolute and 
contained 2-26 per cent, of yellowish steam- 
distillable products with heavy odour (Naves 
& Mazuyer, loc. cit.). 

The S. American trees Dipteryx odorata 
(Aubl.) Willd. and /). oppositifolia (Aubl.) 
Willd. are the source of the well-known 
tonka beans, those from the latter (Para 
beans) being smaller and not so valuable 
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as the former (Angostura beans). The 
tonka beans contain about 3 per cent, of 
coumarin, which is of considerable im- 
portance in the manufacture of perfumes. 
The beans, and their extract are used for 
flavouring snuff, tobacco, and sachet pow- 
ders, and as a substitute for vanilla in 
cocoa, candy, and ice cream. Although 
Dipteryx odorata is the most important 
natural source of coumarin, the latter is 
found in several species of Dipteryx, Myfoxy- 
Ion, Melilotus, etc., belonging to this family, 
and also a number of plants of other fami- 
lies. The tonka beans have, however, 
been largely replaced by synthetic coumarin. 
For a detailed account of tonka beans the 
reader is referred to an article by Albes 
(1916. Amer. Perfum., 10 : 278). 

The reddish-brown, thick, syrupy, viscous 
balsam of Peru, obtained from the Central 
American tree Myroxyldn pereirae (Royle) 
Klotzsch, is of great value as a fixative in 
the preparation of heavy odours of Oriental 
type, and is a desirable addition to all 
perfumes intended for lipsticks owing to its 
soothing qualities. The balsam, which has 
a penetrating and very sweet odour, con- 
tains 55 to 65 per cent, of cinnamein (a 
mixture of benzyl benzoate and benzyl 
cinnamate), small amounts of free aromatic 
acids, benzyl alcohol, nerolidol, and a trace of 
vanillin. When pure it has sp. gr. 1-1400 to 
T6120 and n 1*5800 to 1-5855. The balsam 
is now available as a water-white viscous 
oil for use in good-quality perfumes. 

Apart from the balsam there is also an 
essential oil in the wood of Myroxylon pere- 
irae. This oil, which has recently been re- 
ported by Naves (1948. Perfum. essent. Oil 
Rec., 39 : 280), can be obtained by steam 
distillation of the wood of even those trees 
which have been tapped for the balsam. 
The oil is recovered in a yield of 0*736 to 
1 08 per cent., and its main constituent is 
free nerolidol (50 to 70 per cent.), together 
with cadinenes and free cadinol. This find- 
ing points out a commercial source of nero- 
lidol, which has a demand in high-class 
perfumery and which has been scarce so far. 
According to Naves (1947. ibid., 38 : 191), 
nerolidol is also obtainable from the essen- 
tial oil (cabreuva oil) from the wood of the 
Brazilian species Myrozarpus frondosus 
Allem. a,nd M . fastigiatus AMem. to an extent 
of 60 to 80 per cent. Further, according 
to him, nerolidol can be conv(?rted into 
farnesol, another rare ingredient used in 
perfumery. 


The balsam of Tolu, a brown or yellowish- 
brown plastic substance with a sweet hya- 
cinth-like fragrance, is obtained from 
Myroxylon halsamum (Linn.) Harms (M. 
toluiferum H.B. & K.) of Venezuela, Colum- 
bia, and Peru. Considerable amounts of it 
are used as a fixative in perfumery 
and for flavouring cough syrups. It con- 
tains up to 80 per cent, of resin, together 
with benzoic and cinnamic acids, vanillin, 
benzyl benzoate, benzyl cinnamate, and a 
small quantity of volatile oil. A genuine 
balsam of Tolu has an acid value from 92 
to 135 and an ester value of 59 to 91. Like 
the balsam of Peru, a colourless Tolu balsam 
is also now available. 

An oil described as bois d’olhio, olhio 
vehermilho or oleo vermelho has been 
distilled from the wood of Myrospermum 
erythroxylum Allem. (probably a synonym 
of Myroxylon peruriferum Linn./.), a Japanese 
tree which is also found in Brazil. This is a 
light-yellow mobile oil having an odour 
recalling that of a mixture of sandal, cedar 
and rose, and is obtained in a yield of 1 
per cent. The oil has a use as a fixative 
in soap industry (Anon., 1925. Perfum, 
essent. Oil. Rec., 16 : 117, 163). It contains 
a high percentage of nerolidol (Naves 1948. 
Perfum. essent. Oil Rec., 39 : 280). 

Copaiba, known also as copaiba balsam or 
copaiva, is the oleoresin obtained from 
Copaifera officinalis Linn., C. lansdorfii 
Desf. and other species of Copaifera of tropical 
S. America. Its chemical and physical 
characters differ slightly according to the 
source, but a large percentage of volatile 
oil is always present. The Maracaibo 
variety from C. officinalis is a viscid, some- 
what brownish-yellow and slightly fluores- 
cent liquid, yielding 35 to 55 per cent, of 
volatile oil, while the Para variety from 
C. lansdorfii is a thinner, lighter yellow 
liquid, yielding up to 80 per cent, of volatile 
oil. The essential oil consists chiefly of 
sesquiterpenes among which caryophyllene 
is present. Copaiba oleoresin has not a 
wide application in perfumery, but it is an 
excellent fixative for perfumes used in the 
soap industry. In medicine it is used as a 
disinfectant, . laxative, diuretic, and mild 
stimulant. 

The African copaiba or illurin balsam 
(also , known as hardwickia balsam) is a very 
fragrant oleoresin with a thick, pungent, 
pepper-like odour, and is obtained from a 
W. African tree, Daniella thurifera F.F. 
Benn. (Sierra Leone frankincense). It con- 
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tains 40 to 55 per cent, of an essential oil 
which is sometimes used as an adulterant 
of other oils. An oleoresin similar to illurin 
balsam is ^obtained from D, oliveri (Rolfe) 
Hutch. & Dalz. This oleoresin, under the 
name of wood oil, is one of the chief pro- 
ducts of Nigeria. 

The white, aromatic flowers of Rohinia 
pseud-acacia Linn, (false acacia, black locust) 
of N. America, on solvent extraction, yield 
the robinia oil. This oil is dark coloured, 
and contains methyl anthranilate, indole, 
linalool, heliotropin, etc. (Elze, 1910. Chem. 
Z., 34, 814). The oil has a typical acacia 
odour. 

Oil of supa is derived from Sindora walli- 
chii Benth. of the Philippines. It consists 
of a mixture of sesquiterpenes in which 
cadinene is the chief constituent (Finne- 
more). 

The fruits of the foreign ornamental 
shrub Amorpha fniiticosa Linn, yield IT to 
3-5 per cent., and the leaves 0*5 to 0*8 per 
cent, of essential oils. The fruit oil has an 
odour similar to that of pepper oil. Its 
constants and constituents have been given 
by Finnemore. 

From the roots of the foreign Ononis 
spinosa Linn, a small quantity (0*0066 per 
cent.) of an essential oil, known as cammock 
oil, has been reported ( Haensel, 1910. 
Apothekerztg, Berl., 25 : 303 ), but the 
Himalayan undershrub 0. hircina Jacq. 
has not been investigated so far. 

The following genera containing aromatic 
species have been described in detail later. 
They are distributed among the three sub- 
families of Leguminosae as under : — 

Subfamily 1. Papilionatae. Dalbergia, 
Indigofera, Lathyrus, Melilotus, Psoralea, 
Trifolium, and Trigonella. 

Subfamily 11. Caesalpinioideae. Caesal- 
pinia, Cassia, and Kingiodendron, 

Subfamily III. Mimosoideae. Acacia. 

In addition to the plants belonging to 
the above eleven genera, a number of other 
plants are also aromatic. Crotalaria occulta 
R. Grab., a small undershrub of Assam, has 
terminal racemes of flowers with a delight- 
ful scent of violets ; the corolla is sky blue 
with darker blue or purple veins. It is 
well worth cultivating in gardens. The 
^soka {Saraca indica Linn.), a middle-sized 
handsome tree found in different parts of 
India both in a wild state as well as under 
cultivation, bears orange-scarlet, fragrant 
flowers 1 to in. in length. The black 
siris [Alhizzia odoratissima (Linn. /.) Benth.] 


is a large deciduous tree of the Sub-Himalayan 
tract, Bengal, Central, Western and South 
India, with few-flowered heads of sweet- 
scented, white flowers. The kokko or siris 
[Albizzia lebbeck (Linn.) Benth.], a large 
deciduous tree of the Sub-Himalayan tract, 
Bengal, Central and South India, which is 
also often planted as a roadside tree in 
various parts of the country, bears greenish- 
white fragrant flowers in pedunculate heads. 
The kalkora \Albizzia kalkora (Roxb.) Prain] 
of Assam is a large tree bearing heads of 
white flowers which are delightfully' scented. 
The pink siris (Albizzia mollis Boiv., syn. 
A. julibrissin Durazz., var. mollis Benth.), 
a medium-sized tree of the outer Himalayas, 
bears heads of fragrant flowers. It is 
extremely handsome at the time of flowering, 
with innumerable pink tassels of delicate 
silky blossoms. 

The heartwood of karanj [Pongamia pin- 
nata (Linn.) Merr., syn. P. glabra Vent.], a 
moderate-sized tree found in many parts 
of India, both wild and planted, has a dis- 
agreeable odour when first exposed. The 
wood of the Burmese MiUettia leucantha 
Kurz (M. pendula Benth. ex Baker) has a 
faint odour of tar. 

The red sandalwood or sanderswood 
from Pterocarpus santalinus Linn. /., 
unlike as its name suggests, is nearly 
inodorous. Its powder, however, has been 
used as a cosmetic in India either in 
place of or with sandalwood to obtain 
a rose tint. 

Pterocarpus indicus Willd. (FI. Brit. Ind., 
in part, syn. P. pallidus Blanco) of Burma 
and the Philippines, bears sweet-scented 
flowers. From a specimen of its wood a 
solid aromatic substance, m.p. 70°, has 
been obtained by steam distillation (Anon., 
1913, October. Ber. Schimmel u. Co. 
Lpz. : p. 68). 

Among the constituents of essential oils 
reported from various members of the 
family may be mentioned : heptacosane, 
triacontane, unknown paraffin, styrene (sty- 
rol, vinylbenzene), phellandrenes, ' tolene ' 
(CjoHig), cadinene, caryophyllenes, copaene, 
unknown sesquiterpenes, azulene, benzyl 
alcohol, geraniol, nerol, linalool, farnesol, 
nerolidol, a-terpineol, sesquiterpene alcohol, 
phenol, vanillin, heliotropin, unknown alde- 
hydes, unknown ketones, palmitic acid, 
cinnamic acid, methyl anthranilate, benzyl 
benzoate, benzyl cinnamate,coumarin,hydro- 
coumarin (melilotin, melilotol), cineole, and 
indole. 
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1. ACACIA (Tourn.) Linn. 

(From the Greek akakia ; originally a thorny tree 
found in Egypt.) 

This genus comprises about 550 species 
of trees or erect or climbing shrubs. The 
leaf-bearing groups are scattered over the 
tropics and subtropics of the whole world, 
and the great phyllodineous series is almost 
restricted to Australia. In India it is 
represented by about 20 indigenous species 
as well as several introduced ones. 

The acacias are important economically, 
not only for the timber of some species, but 
also for ornamental purposes and as the 
source of tanbarks, gums, and essential oils. 
Many of them are small trees and furnish 
excellent hard wood, which is serviceable for 
tool handles and for other small objects. 
The wood of the S. African A, giraffae Willd. 
is said to be extraordinarily hard. A few 
species like the Hawaiian A . koa A. Gray grow 
to a fairly large size, so much so that the 
Hawaiians formerly converted its trunks 
into dug-out war-canoes. The Australian 
blackwood {A. melanoxylon R. Br.) is used 
for cabinet work, coach-building, railway 
carriages, and agricultural implements, but 
the wood from the Indian-grown trees is said 
to be not so good as that from the Austra- 
lian-grown plants. Most acacias arc, how- 
ever, used as firewood. 

The bark of babul [A. arabica (Lam.) 
Willd. ] has till recently been one of the 
premier tanning materials in India, and 
thousands of tons were being used annually 
by the tanneries in the country. It is, 
however, being ousted, in big tanneries at 
least, by the wattle bark from A, mollissima 
Willd. (black wattle), A. decurrens Willd. 
(green wattle), and related species, which is 
imported from S. Africa. Wattles are indi- 
genous to Australia, but have been intro- 
duced into other countries, particularly 
Natal, S. Africa, and S. India. A. pycnantJm 
Benth. (golden wattle) is much grown in 
Australia, but not in S. Africa. In Australia 
A , mollissima and A . pycnantha are of 
primary importance, while in S. Africa and 
in India A . mollissima and A . decurrens are 
the leading wattles. Of lesser importance 
as a tanning material is the bark of A. 
dealhata Link (silver wattle) in these coun- 
tries. 

Saponins are found in a number of acacias 
and a considerable trade exists in the sapona- 
ceous pods of shikekai [A . condinna (Willd.) 
DC.] which^as already been dealt with. 


A number of species yield gums, but the 
gum arabic from A, Senegal (Linn.) Willd. 
and gum babul from A. arabica (Lam.) 
Willd. are commercial products which enjoy 
considerable trade. The best forms of these 
gums are colourless, odourless and tasteless. 

The manufacture of katha and catechu 
from A, catechu (Linn.) Willd. (khair) and 
A. chundra Willd. [laUkhair) is an important 
industry in India, giving employment to 
hundreds of thousands of people. These 
products have already been referred to in 
the account of the family. 

The leaves of Australian A, dodonaeifolia 
Willd. and A. verniciflua A. Cunn. are coated 
with resins. 

The cassic perfume of commerce is obtained 
from the flower-heads of A. farnesiana (Linn.) 
Willd., while the flower-heads of A, dealbata 
Link and of some other species are used 
for the preparation of the well-known 
mimosa perfume. Both tl\ese are described 
in detail later. 

A. cavenia Hook. & Arn. (Roman cassie, 
cassie Romaine) is cultivated in S. France for 
extraction of a perfume from its flowers. 
This species demands less care and yields a 
larger harvest of flowers than A, farnesiana, 
but the perfume is not so suave and well 
blended as that of cassie flowers. The 
flowers of Roman cassie are, for this reason, 
about half the price of the cassie flowers. 
Very little pomade is made from these 
flowers, but a concrete is prepared by 
extraction in petroleum ether. The yield 
of concrete varies from 0-60 to 0-84 per cent. 
(Naves & Mazuyer, 1947. Natural Perfume 
Materials : p. 165). The essential oil from 
flowers contains 40 to 50 per cent, of eugenol, 
8 per cent, of methyl salicylate, and 42 to 
52 per cent, of substances insoluble in dilute 
aqueous sodium hydroxide, consisting of 
benzyl alcohol (about 20 per cent.), geraniol, 
anisaldehyde, and eugenol methyl ether. 
Linalool, decyl aldehyde, and a ketone with 
an odour of violets, ionone or irone, are 
also probably present but could not be 
identified with certainty. The oil does not 
contain methyl anthranilate [ Walbaum, 
1903. /. prakt, Chem., 68 : 235 ; vide J. chem. 
Soc. (Abstr.); 1903, 84(1) : 845 ]. A distillate 
described by Naves, Sabetay & Palfray 
(1937. Perfum, essent. Oil Rec,, 28 : 336) 
had these characteristics: sp. gr. 1-031, 
[a] inactive, n^^° 1-512, acid val. 11-2, and 
ester val. 96-0. Another set of readings was 
as follows: sp. gr. 1-028, [a] 0-1°, w®®® 
1-514, acid val. 22-0, and ester val. 112-0. 
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A small quantity of perfume is obtained 
for local use in Australia from the flowers 
of various species of Acacia, commonly 
known as wattle blossoms. 

A. jacquemontii Benth., a bushy, thorny 
shrub of the dry regions of the Punjab, Sind, 
Rajputana and Gujarat, extending to the 
Suleman Range and lower Himalayas west 
of the Jhelum (usually along watercourses 
and in ravines), bears yellow, fragrant 
flowers in globose heads which are inch in 
diameter. No essential oil has, however, 
been extracted from the flowers. 


1. Acacia dealbata Link 

P'l. Brit. Ind., II, 292 (without description). 

( Silver Wattle, Mimosa ) 

This is a small to middle-sized, unarmed, 
evergreen Australian tree which was intro- 
duced into India before 1840. It bears grey 
foliage and bright -yellow, \'ery sweet- 
scented flowers in globular beads about 
inch in diameter. It has been tried in many 
places in the Himalayas, such as Abbottabad 
in the N.-W.l'. Province, Almora in Ku- 
maon, and Shillong in Assam, but nowhere 
has it succeeded so well as in the Nilgiris 
and Pulneys, where it has become completely 
naturalized. 

The wood is used as a fuel. 'I'lie bark, 
which contains 9 to 17 ])er cent, tannins, is a 
useful tanning material. 

The flowers of this j)lant are used for the 
preparation of the well-known mimosa 
perfume, more or less in the same way as 
those of the next sj)ecies A . faniesiana (Linn.) 
Wind, for the cassie perfume. Although 
A, dealbata is the principal si)ecies from 
which mimosa ])erfume is ]:)repared, there 
are many others which are commercially 
known as mimosa. According to Poucher, 

there are over 30 varieties cultivated on 
the Cote d’Azur and the cut branches are 
sold principally as cut flow'ers. The trade 
is so extensive that a special train leaves 
Mentone daily in January and February, 
and conveys to Paris large quantities of this 
favourite flower. Consignments average 
about 600,000 baskets of flowers each 
season . . . Visitors to the Riviera in February 
will have been charmed with the delicious 
fragrance and picturesque appearance of 
the mimosa trees as the train wends its 
way along the red rocky coast between 
Saint-Raphael and Cannes.” 


The next in importance to the flower- 
heads of A. dealbata, from the point of view 
of perfumery, are the flower-heads of A, 
floribunda Willd. The perfume of mimosa 
is faint (in small bunches) but captivating. 
In the case of A. floribunda it resembles 
cassie, while in the case of A. dealbata it is 
slightly coarser and resembles ylang-ylang. 
If several bunches were placed in a closed 
room, their fragrance is overpowering. 

The first flowers from the Tiiiddle of Janu- 
ary to the end of March are sold as cut 
flowers in France. It is after th’^ period, 
in April, when the trees flower profusely and 
the blossoms are more open and highly 
scented, that the flowers are collected and 
extracted for perfumery. In some years 
as much as 180,000 lbs. of flowers are col- 
lected for this purpo.se. They are then 
extracted with petroleum ether, since dis- 
tillation and maceration yield inferior pro- 
ducts. 

The yield of concrete varies from 0-70 to 
0-88 ])er cent., although in specially sorted 
flowers even 1 -06 per cent, has been obtained. 
From this 20 to 25 per cent, of absolute is 
obtained. In humid season the yield of 
absolute is lower (Naves & Mazuyer, 1947. 
Natural Perfume Materiah : p. 219 ). 

The absolutes from both A, dealbata and 
A, floribunda are comparatively cheap and 
give excellent results in floral Colognes, 
while in de luxe perfumes, particularly 
honeysuckle and heliotrope, they give 
floral notes which are unique. Very fine 
boiupiets of honey-like odour can be ob- 
tained by combination with muguet (lily 
of the valley) or jasmine (Poucher). 

. \’ery little is known about tlie chemistry 
of the oil, but von Soden (1925. /. prakt. 
Cliem., 110 : 273) distilled with steam an 
absolute prepared by volatile solvents, and, 
calculated on fresh flowers, obtained 0-018 
per cent, of a yellowish-green oil, which 
.solidified towards 0° to a flaky crystalline 
mass. Its constants were : sp. gr. 
0-816, [%] inactive or slightly laevorotatory, 
acid val. 12, and ester val. 20-5. 

A distillate described by Naves, Sabetay 
(S: Palfray (1937. Perfum. essent. Oil Rec., 28 : 
336) had the characteristics: [a] -4-0-3°, 
;i 2 oo i.4gi2, acid val. 3-6, and ester val. 
22 - 0 . 

A number of commercial mimosa oils are 
prepared synthetically without any floral 
extract. These artificial perfumes, which 
resemble cassie, are compounded from methy- 
lacetophenone and its homologues, together 



152 JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH — SUPPLEMENT [Vol. VIII, No. 2 



Fig. 33 — Acacia farnesiana (Linn.) Willd, 


with methyl heptine carbonate, terpineol, and 
hydroxycitronellal. Although good results 
are obtained by this method, the addition 
of 10 per cent, of mimosa absolute makes all 
the difference to the smoothness and fixity 
of the blended mixture. 

2. Acacia farnesiana (Linn.) Willd. 

Fl. Brit. Ind., II, 292. 

(Cassie Flower, Vilayaii-hahiil) 

This is a spiny shrub or low tree with 
slender, zigzag branches marked with grey 
dots: It bears during the cold season bright- 
yellow, Very fragrant flowers , in globose 
heads I to 4*. inch in diameter, which per- 


fume the surrounding atmosphere very 
pleasantly. A native of tropical America, 
this plant is now widely cultivated all over 
India and in the East, especially as a hedge 
plant. It is also found in Egypt, Syria, 
Algeria and France, where it is specially 
cultivated for the industrial extraction of 
perfume. 

The stem yields a gum which is said to be 
collected and marketed in Sind and the 
Punjab, especially as an adulterant of gum 
babul. The bark and the pods contain 
tannins. 

The round, yellow flower-heads constitute 
the cassie flowers (known in France as cassie 
ancienne) which are used in European 
perfumery. Their odour closely resembles 
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a perfectly blended combination of orange 
blossom and violet with just a suggestion 
of cumin. 

In France it is commercially cultivated in 
Provence on the outskirts of Cannes, Cannet, 
Vallauris, and Saint-Laurent-du-Var. It 
thrives best on a light sandy granite soil. 
The plants are raised from seeds and begin 
to bear flowers after 3 years. They blossom 
from the end of September to the beginning 
of February, but the main collection is 
usually made during September to Novem- 
ber. The flowers collected during October 
are the most valuable. In the spring 
season the trees are trimmed. 

The flowers are collected twice a week, 
one by one, during the day time and are 
conveyed to the works in the evening. The 
blooming is successive, some flowers being 
ready for collection before the others are 
scarcely formed. The total yield per tree 
in one year varies from 4 to 10 lbs. 

In Algeria and Egypt also the principal 
harvest is collected during October and 
November. 

The perfume of cassie flowers is very 
delicate and is destroyed if distilled in steam. 
The flowers are, therefore, extracted by 
maceration in fats at 35"^ to 50°C., or by 
petroleum ether. The absolute is prepared 
from both pomade and concrete. 

The yield of concrete generally varies 
between 0-50 and 0-70 per cent. The 
flowers gathered at the end of the season 
usually give a higher yield than those of the 
autumn. The concrete yields about 30 
per cent, of absolute, which furnishes 6*5 to 
9 per cent, of steam-distillable products. It 
is of a soapy consistency, dark brown in 
colour, becoming lighter on contact with 
light and air. The distillate is colourless 
and very refractive (Naves & Mazuyer, 1947. 
Natural Perfume Materials : p. 166). 

Walbaum & Rosenthal (1929. Ber, Schim- 
mel u. Co. Lpz. ; p. 193) have observed a 
concrete having the following characteristics : 
congealing point 46*5° and saponification 
val. 103-6. 


Naves & Mazuyer {loc. cit.) mention the 
following characteristics of an absolute of 
Grasse origin : sp. gr. 0-988, acid val. 
62-8, and ester val. 33-5. 

Rovesti (1925. Profumi ital., 3 : 277) gives 
the following constants for an absolute 
prepared in Liguria: sp. gr. 1-020 to 
1-070, [a] 0° to -3^w 1-514 to 1-521, acid 
val. 18 to 55, and ester val. 97 to 243. 

Naves & Mazuyer (loc. cit.) give the fol- 
lowing analytical data for the products 
obtained by steam distillation. 1'hese have 
been compiled from the works of von Soden 
(1904. J. prakt. Chem., 69 : 270), Schimmel 
& Co. (1907, April. Ber. Schimmel u. Co, 
Lpz. : p. 18 ), and Naves, Sabetay & Palfray 
(1937. Perfum. essent. Oil Rec., 28 : 336). 

The distillate from the pomade concentrate 
prepared in India was obtained by Schimmel 
& Co. (1904, April. Ber. Schimmel u. Co. 
Lpz. : p. 21), with a yield of 0-171 per cent., 
based on pomade. This distillate had a 
pale-yellow colour, with the following cha- 
racteristics : sp. gr. 1*0475, [a] O'", 

1-5133, and saponification val. 176-0. 

Schimmel & Co. (1899, Oct. Ann. Rep. : 
p. 58 ; 1901, Apr. ibid. : p. 18 ; 1903, Apr. 
ibid. : p. 17) report an Indian cassie pomade 
to contain 11 per cent, of methyl salicylate, 
small amounts of /)-cresol, benzaldehyde, 
benzyl alcohol, a ketone possibly menthone, 
anisaldehyde, decyl aldehyde, cuminalde- 
hyde, and possibly geraniol and linalool. A 
constituent of importance as far as odour is 
concerned is a ketone of violet odour and 
unknown constitution. Farnesol has also 
been ref)orted (Haarmann & Reimer, vide 
Wehrner). 

In practical perfumery cassie absolute is 
used in the preparation of numerous violet 
bouquets to which it imparts a delightful 
and peculiar aroma unobtainable with any 
other product. Owing to the high cost, it is 
not possible to add natural violet absolute 
when compounding synthetic violet ottos. 
Cassie absolute in these cases serves as an ex- 
cellent cheap substitute, and about 5 per cent, 
of it may be used with satisfactory results. 


Origin and % yield 


Congealing 

Sp. gr. 

Optical 

Rkfractivi: 

Acid val. 

Saponifica 


POINT 


ROTATION 

INDEX 


TION VAI-. 

France : 0*084 of flowers 


18 19 

1 040{‘27 ) 
i'or>7r» 

0-4^ 



42-50 

114-0 

5*65 of concrete 


liq. 

0-3" 

1 01.58 

25-40 

229-0 

Egypt "1 


liq. 

1032 

0«^ 

1 -.504.5 

.5 «0 

154-0 

Egypt ^ ^ concrete 


liq. 

liq. 

1037 

1029 

0-2^ 

ir 

J - .5082 
1-.5018 

3-70 

4.20 

148-0 

166-0 

Egypt J 


liq. 

1043 

0-2’ 

1-.5120 

6-30 

182-0 

Egypt : 26-4 of absolute* 


liq. 

— 

inactive 

1-5212 

3(i-.50 

169-0 


•Prepared from a commercial product of guaranteed pvirity 
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Fig, 34 — Caesalpinia sappan Linn. 


On the basis of constituents given above 
synthetic cassie oil is manufactured, and 
rounded off with a judicious addition of 
concrete of natural flowers. 

It is said that a good deal of pomade was 
at one time made in India, perhaps in the 
Punjab and to a certain extent in the 
United Provinces, but for some unknown 
reason this industry has died. Efforts 
should be made to revive this since cassie 
perfumes command, even today, a good 
market. 

2«' GA.ESA.L«1^{|^IA^ Linn^ 

(III honour of Andreas Cidesalpini, professor of 
medicine at Pisa in th© sixteenth century. He 
was the first botanist to classify plants by the 
flowers and fruits.) 

This genus comprises about 60 species of 
tropical and subtropical trees, shrubs or 


often prickly climbers, out of which 12 are 
represented in India. 

The trees have a hard wood, which in 
several species yields a dye. The sappan- 
wood (C. sappan Linn.) yields the well- 
known red dye which was in considerable 
use formerly. Other important dyewoods 
are C. crista Linn, (redwood), C. brasiliensis 
Linn. (Brazil wood), and C. echinata Linn, 
(peachwood), all of. America. 

The barks and pods are usually rich in tan- 
nin. The pods of divi-divi or American sum- 
ach [C. conana.(Jacq.) Willd.], which is often 
cultivated in India, are a valuable tanning 
material and contain 40 to 50 per cent, of 
tannin. The pods of teri (C. digyna Rottl.) 
are also one of the richest sources of tannin, 
and are used in India for tanning purposes. 

Some species are used in medicine, and 
contain a resin. 
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The peacock flower or Barbados pride 
[C. pulcherrima (Linn.) Sw.] is a handsome 
shrub with scarlet or yellow flowers. It is 
commonly cultivated in Indian gardens as 
an ornamental plant. 

C. nuga (Linn.) Ait., a large prickly 
climbing shrub of the coastal forests of 
India, bears yellow, fragrant flowers in 
long-peduncled terminal racemes 10 to 15 
inches in length. 

Caesalpinia sappan Linn. 

Fl. Brit. Ind., 11, 255. 

(Sappan wood, Patang) 

This is a small prickly tree with panicles 
of yellow flowers J inch in diameter, and 
obliquely oblong, 3- to 4-seeded, woody pod 
having a short curved beak at the upper 
angle of the obtuse apex. It is found in 
Bengal, S. India and Bombay, usualh’ 
cultivated. 

The dark-red or orange-yellow wood 
yields a valuable red dye which was in 
considerable use formerly, and even exported. 
This dye, which is still used to an extent, is 
soluble in water, and is employed in dyeing 
wool and in calico-printing. 

The leaves, on distillation, yield 0T6 to 
O' 25 per cent, of an almost colourless oil 
having sp. gr. 0'825 and [a] + 37'3"’ to 
+ 50'3''. The odour of the oil is pepper-like, 
which appears to consist chiefly of ^-a-phell- 
andrene. The bulk of the oil boils at 170T.. 
(Gildemeister). An olefinic hydrocarbon is 
also reported (Romburgh, 1925, vide Chem. 
Abstr,, 1926, 20 : 2722). 

3. CASSIA Tourn. ex Linn. 

(The classical name of some trees with aromatic 
bark.) 

This genus comprises 400 species of trees 
or shrubs, rarely herbs, of tropical and warm 
temperate regions, and is represented in 
India by 15 species. Its members have 
abruptly pinnate leaves and large, showy, 
nearly regular, usually yellow flowers in 
racemes or clusters. 

Several species are extensively cultivated 
throughout, the tropics for the elegance of 
their foliage combined with the beauty of 
their flowers. Among these may be men- 
tioned the arboreous C. fistula Linn, and 
C. renigera Wall., and the shruby C. bicap- 
sularis Linn., C. tomentosa Linn, f., and 
C. laevigata Willd. 


A number of species are of considerable 
importance from the medicinal point of view, 
and some are widely used for their cathartic 
properties. The senna leaves and pods, 
which are widely used as purgatives, are 
derived from the Indian or Tinnevelly 
senna (C. angustifolia Vahl) and the Alexan- 
drian senna (C. acutifolia Delile). The pulp 
of the fruit of C. fistula Linn. (Indian labur- 
num, purging cassia) is one of the com- 
monest domestic medicines, and acts as a 
simple purgative. The purging property 
of cassias depends upon chrysuphanic acid 
and other oxyanthraquinone derivatives 
which they contain. Some species, such as 
the ringworm shrub (C. alata Linn.), arc 
used in skin diseases. 

The bark of a number of species contains 
a fair quantity of tannin. That of C. fistula 
is commonly used in India for tanning 
purposes under the name of sonari bark. 

The seeds of some species arc used by the 
poor people as a substitute for coffee. 

From the point of view of essential oils, 
this genus has no economic importance. 
The leaves of C. angustifolia are said to have 
a tea-like odour and to contain traces of an 
essential oil (Tschirch, 1898. Ber. dtsch. 
pharm. Ges. : p. 189). The seeds of C. occi- 
dentalis Linn, [kasondi), when roasted, emit 
an aroma similar to that of coffee ; they are 
known as negro coffee. The leaves of C. tora 
Linn, (chakunda) have a foetid smell, but the 
seeds on roasting develop a coffee-like aroma. 
Both these species are common weeds of 
roadsides, river banks, and fallow lands in 
most parts of India. 

4. DALBERGIA Linn. /. 

(In honour of Nicholas Dalhcr^, a Swedish botanist, 
1730-1820.) 

This genus comprises over 200 species 
of tropical trees, shrubs, and woody climbers, 
out of which about 20 are found in India. 
Its members bear copious, papilionaceous 
flowers in terminal or lateral panicles, and 
oblong or strap-shaped, thin and flat, inde- 
hiscent, 1- to 4-seeded pods. 

The genus is very important in Indian 
forest economy, as it contains two of the most 
valuable and important Indian forest trees, 
besides several others of interest on account 
of their woods and other products or their 
value in silviculture. The Indian D. 
sissoo Roxb. (sis.soo, shisham) and rosewood 
or Bombay blackwood {D. latifolia Roxb.) 
enjoy con.siderable trade, D. latifolia, to- 
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gether with the Burmese species D, cultrata 
R. Grah. ex Benth. (Burma black wood) and 
D.oliveri Gamble ex Prain (Burma tulipwood, 
iamalan), is of great ornamental value and is, 
therefore, of interest to connoisseurs of fancy 
woods: D, sissoo produces a valuable timber 
which seasons well and is esteemed for all 
purposes where strength and elasticity are 
required. D. melanoxylon Guill. & Perr. is 
the African blackwood or Senegal ebony of 
the trade, and D. ntgra Allem ex Benth. is 
the Brazilian rosewood. Cocobolo is derived 
from the American D. retusa Hemsl. and 
related species, and is one of the showiest 
and most strikingly coloured woods. The 
heart wood is orange to orange red in colour, 
streaked with jet black. It is very hard, 
tough and strong, and is largely used in 
cutlery. The dye in cocobolo appears to be 
allied to that of Acacia catechu (Linn.) Willd. 

The highly ornamental heartwood of the 
Indian D. latifolia has a fragrant scent. 
Similarly the heartwood of the Burmese 
D. oliveri has a faint, pleasant odour. 

D. rimosa Roxb., a suberect or climbing 
often tendril-bearing shrub of the E. Hima- 
layas and Assam, bears panicles of sweet- 
scented, very small flowers (among the 
smallest in Papilionatae). 

The scented wood of D. cumingiam 
Benth., of the Philippines and the Dutch 
East Indies, yields about 0’5 per cent, of an 
essential oil with aromatic odour. The oil 
has the follWing characteristics : sp. 
gr. •0-891, [«]— 4 3®, ester val. 5, and the 
same after acetylation 116 (Parry). 

The heartwood of the thick stems near the 
ground and of the roots of the climbing 
Z). parviflora Roxb.* of Malay Peninsula 
and Sunda Islands is scented and exported 
to China for the manufacture of joss sticks. 
It is used in Borneo and Celebes as an 
incense. According to Prain (1895. Ann, 
R. hot. Gdn. Calcutta ^ 10 : 35), this is the 
kayu4aka of commerce. Spoelstra (1931. Rec. 
Trav. chttn. Pays-Bas, 50 : 433) has obtained 
an essential oil from the wood in a yield 
of 0*45 to 0*8 per cent., with /-nerolidol 
(C 15 H 26 O) as the main constituent. Accord- 
ing to him traces of furfural and probably 
farnesol are also present. The oil has the 
following characteristics,: sp. gr. 1 ®® 0*8878 
to 0*8929, 1.4809 t%4825, [a] ^0*20® to 

—4*75®, acid val. 0*5 tB 1*6, ester val. 0 to 
1*2, and the same after acetylation 139*5 
(=61*6 per cent.). 

*This plant is probably also found ii^ the Anda- 
mans. 


5. INDIGOFERA Linn. 

(From the Latin indicum — a blue pigment believed 
to.be indigo, and fero — I bear; species of this 
genus yield the indigo of commerce.) 

This genus comprises about 350 species 
of herbs or shrubs of warm regions. In 
India it is represented by 40 species having 
odd-pinnate leaves and pink or purple 
papilionaceous flowers in axillary racemes. 

The most famous of its members is /. tinc- 
toria Linn, which furnishes indigo. 

The seeds of several species are said to be 
poisonous. 

Indigofera galegoides DC. 

Fl. Brit. Ind., II, 100. 

This is a tall shrub about 12 ft. high, 
with twiggy branches and pale-red flowers 
in dense racemes 2 to 3 inches in length. 
It is found in the Khasi Hills at an altitude 
of about 5,000 ft., generally in shady locali- 
ties. 

The fresh plant, mashed with water, 
yields on distillation 0*2 per cent, of a light- 
yellow essential oil. This oil has an odour 
of bitter almonds, but differs from the latter 
in having a herbaceous aroma. Its sp. gr. 
is 1*046. It contains benzaldehyde, hydro- 
cyanic acid, and small quantities of ethyl 
and methyl alcohol (Anon., 1894, Oct. 
Bet. Schimmel u. Co. Lpz. : p. 75 ; Anon., 
1896, Apr. ibid. : p. 75). 

6. KINGIODENDRON Harms 

This genus comprises two species of which 
one is found in India. 

Kingiodendron pinnatum (Roxb.) Harms 
Hardwickia pinnafa Roxb., Fl. Brit. Ind., II, 270. 

(Piney, Shurali) 

This is a very large, handsome tree having 
leathery leaflets and numerous, very small 
white flowers in panicles of racemes. It is 
found in the evergreen forests of W. Ghats 
from S. Kanara to Travancore. 

The wood is dark red or reddish brown, 
and is locally used for building purposes as 
well as for making furniture. 

The tree yields a viscous, dark reddish- 
brown balsam with not an unpleasant 
odour. In smell and Taste, this resembles 
copaiba balsam which is derived from the 
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foreign Copaifera officianalis Linn, and 
allied species. The balsam is used in indi- 
genous medicine, and also as a varnish 
for wood after thinning with turpentine. 
It is obtained from the tree trunk by tapping, 
for which purpose large trees witli a girth 
of 5 to 6 ft. are .selected. A notch is cut 
in the trunk, into which a tube or a trougli 
is inserted to carry the exudation to a 
receptacle at the base of the tree. The 
balsam begins to drain at once, but the 
flow stops in about four days. This oj^era- 
tioii is performed when the rains have set 
in, since during this period the yield is 
more. In some places the trees are tapped 
in the dry season from December to May. 
A healthy tree of 8 ft. girth is reported to 
yield as much as 12 gallons of tlie balsam. 

According to Weigel (1906. Pharm. 
Zentralh., A7 \ 773) kingiodendron balsam is 
analogous to copaiba balsam. Hooper (1907. 
Pharm. /., 78 : 4), who examined two genuine 
Indian samples, gives a resume of tlie work 
done on the balsam by various workers and 
concludes that the phy.sical con.stants easily 
distinguisli kingiodendron balsam from the 
copaiba and gurjun balsams. Iyer & Sud- 
borough (1918. /. Indian Inst. Sci., 2 : 29), 
who examined two samples from 'Pravancore 
and Mysore, are of the opinion tliat king- 
iodendron balsam resembles copaiba balsam 
more closely than it does gurjun balsam. 
The following are the characteristics of the 
balsam as recorded by Iyer & Sud borough ; 
Hooper’s \'aiues are also given : — 


Ikavancork Mysokf. Hooper’s 

SPECIMEN specimen VALUES 

.Specifle gravity ... VOOS 01)97 l OOT-l OrZ 

Acid val. ... ... 90”i Si O 97-2-99 H 

vSajK>nitication val. ... 112-9 llK)-? 100 112 

Acptyl val. ... ... 79-0 .SOO 

Per cent, of volatile oil ... 42-7 47 0 39-j-4l-l 


Schimmel & Co. (1905, Apr. Ann. Rep.: 
1907, Apr. ibid.) by steam distilling the bal- 
sam obtained 44 per cent, of a colourless oil 
having the following constants : sp. gr. 
0*9062, [aj 7*4'^, acid val. 0*85, ester val. 
2*88, and soluble in about 5 and more 
volumes of 90 per cent, alcohol. 

Iyer & Sudborough {loc. cit.) obtained 
from 2 samples on steam distillation by 
superheated steam 42*7 and 47*0 per cent, of 
a practically colourle.ss oil having a cha- 
racteristic odour and a pungent bitter taste. 
The major portion of the oils distilled at 
257° to 271°C. at ordinary pressure. They 
have recorded the following constants : 



TkAVAN'CORE 

Mysore 


OIL 

OIL 

Spcoific gravity 

0-931 

0'90S 

Refractive index **° 

1-500 

1-500 

Optical rotation ” ’ in 100 iniii. tube . 

.. -1-72^ 

- 7-86“ 

Acid val. 

trace 

tr.ace 

Saponitication val. 

nil 

nil 

Acetyl val. 

... 12'G 

1-4 


These physical characteristics resemble 
those of caryophyllene, the main constituent 
of clove oil, but the kingiodendron essential 
oil needs further careful examination for 
caryophyllene with a view tq discovering 
an alternative source of clove oil which 
is not produced in India. 

Iyer & vSudborough {loc. cit.) have also 
examined the resin obtained after the 
distillation of the essential oil. The resin 
melts at 53° to 56°C., and has the following 
characteri.stics : 



Travancore 

RESIN 

Mysore 

KESIN 

Specific gravity ... 

Acid val. 

Saponiiication val. 

Ash ... 

Solubility in 90Vo alcohol ... 

1-088 
.. 192-2 
.. 193-9 

0-05% 

.. 99-2% 

190-0 

200-0 

002®; 

complete 

7. LATHYRUS Linn. 


(From tile (ireek lathy yo^, 

a kind of pulse.) 


This genus comprises 110 species of 
annual or perennial climbing herbs, which are 
distributed chiefly in the north temperate 
zone. Of the eight species found in India, 
L. .saiivus Linn, (khesari) is the most impor- 
tant, since it is largely cultivated all over the 
country as a cold-weathcr crop for use as a 
fodder and by the p)oorer classes of people 
as a food. The whole plant as well as the 
seeds, under certain circumstances, have 
been incriminated in the production of 
poisonous s}’mptoms or the disease called 
lathyrism. 

Tiie sweet pea (L. odoratus Linn.) is culti- 
vated in gardens for the .sake of its various 
coloured, sweetly fragrant flowers. This is 
described below in detail. 

Lathyrus odoratus Linn. 

(Sweet Pea) 

This climbing herb is commonly cultivated 
in the Indian gardens for the sake of its 
elegant, various coloured flowers having a 
delicate and sweet fragrance, recalling 
that of orange flowers and hy-acinth with a- 
suggestion of rose. 
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The flowers contain a small amount of 
essential oil, but this does not appear to have 
been systematically investigated. It is also 
doubtful whether they have ever been 
extracted for use in perfumery, although 
there is reason to believe that eufleurage 
would capture the floral fragrance faithfully. 
The odour of the flowers suggests the pre- 
sence of methyl anthranilate. 

The sweet pea perfumes of commerce 
are synthetic and are generally compounded 
from methyl anthranilate, benzylideneace- 
tone, hydroxycitronellal, and terpineol. 
Numerous other - synthetic perfumes are 
employed, and are rounded off with natural 
essences, such as jasmine and bergamot. 

8. MELILOTUS Tourn. Hall. 

(From the Greek meli - — honey, and hyfos — lotus ; 
the flowers are much visited by bees.) 

This genus comprises 20 herbaceous species 
(sweet clovers) which are distributed over the 
temperate and subtropical regions. It is 
characterized by trifoliate leaves and slender 
racemes of yellow or white flowers succeeded 
by subglobose or oblong, indehiscent or 
tardily dehiscent pods. 

The sweet clovers are a valuable fodder 
either in the green condition or when made 
into hay. They are also cultivated for 
pasture and for ^oil improvement. In India 
they are represented by three species, namely 
{]) M. alba Desr. the white-flowered sweet 
clover, (2) M, indica (Linn.) All. (M. parvi- 
flora Desf.) the pale-yellow-flowered sweet 
clover, and (J) M. officinalis Lam. the yellow- 
flowered sweet clover. 

All species of Melilotus contain coumarin, 
which is concentrated mainly in mature and 
drying branches. Coumarin is one of the 
important perfumes, and is a basic material 
for all perfumes of the type of foin-caupe or 

new-mown hay It is found in the largest 
amount (3 per cent.) in tonka beans [Dip- 
teryx odorata (Aubl.) Willd. and D, oppositi- 
folia (Abul.) Willd.]. Commercial coumarin 
is, however, invariably a synthetic product. 

1. Melilotus alba Desr. 

Fl. Brit. Ind., 11, 89. 

(White-flowered SWeet Clover) 

This is a biennial herb' very much like 
M. officinalis Lam., but . bears white, 
-scented flowers. It is found in the plains 
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of N. India, ascending up to an altitude of 
12,000 to 13,000 ft. 

The entire plant contains coumarin. 

2. Melilotus indica (Linn.) All. 

M. parviflora Desf., Fl. Brit. Ind., II, 89. 

(Pale-yellow-flowered Sweet Clover, Ban- 
methi, Senji) 

This is a slender annual 1 to 2 ft. high 
with pale-yellow flowers in spicate racemes. 
It is found in Bombay, Bengal, the United 
Provinces, and the Punjab, either cultivated 
or as a weed of cultivation. 

The plant is said to contain coumarin 
(Watt.). 

3. Melilotus officinalis Lam. 

Fl. Brit., Ind., II, 89. 

(Yellow-flowered Sweet Clover, As pur k) 

This is a tall and robust annual or biennial 
herb bearing yellow, odorous flowers crowded 
in bunches 1 to 2 inches long. It is found at 
Nubra and in Ladakh at altitudes of 10,000 
to 13,000 ft., and is occasionally cultivated 
in India as a fodder. 

The entire plant contains coumarin (0-2% 
on dry basis) together with melilotic acid, 
coumaric acid and an oily substance. Hydro- 
coumarin has also been reported (Vogel, 
1820, vide Wehmer ; Zwenger, 1867. A nn. 
Chim., SuppLy 5: 100; Phipson, 1875. Chcm. 
Neti^Sy B2 : 25). 

The flowers yield 0 01 33 per cent, of an 
essential oil (melilot oil) containing coumarin 
(Haensel, 1900. Apothekerztg, BerL, 15 : 516). 
The seeds yield 7*83 to 8'35 per cent, of a 
fatty oil with coumarin smell. 

9. PSORALEA Linn. 

(From a (»reek word psoraleos, meaning scabby.) 

This genus comprises about 100 species of 
tropical and subtropical herbs and under- 
shrubs having glandular compound leaves 
and spicate or racemose, purple or white 
flowers. It is represented in India by two 
species, /^ corylifolia Linn, and P. plicata 
Delile. Besides these, the S. African shrub 
P. pinnata Linn., with blue flowers and 
narrow leaflets, has also established itself 
about Ootacamund. 

The N. American P. esculenta Pursh 
(prairie turnip) has edible roots. The 
S. Ainerican P. glanclulosa Linn, is locally 
used for tea. 
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The leaves of P. bituminosa Linn, of the 
Mediterranean region have an asphalt-like 
odour when crushed. They yield 0-048 
per cent, of an essential oil, which is semi- 
solid at ordinary temperature. It has 
sp. gr. 0*8988, acid val. 57, and ester val. 
12. Fatty acids, melting point 38° to 40°, 
have been isolated (Finnemore). 

Psoralea corylifolia Linn. 

FI. Brit. Ind., II, 103. 

(Babchi) 

This is an erect annual 1 to 3 ft. high, 
having firm branches copiously covered with 
conspicuous gland dots. It has gland- 
dotted leaves and bluish-purple flowers. 
The pods are small, black, 1-seeded. The 
seeds are aromatic with a pungent bitterish 
taste. The plant occurs in the plains 
throughout India, from the Himalayas to 
Ceylon. 

The seeds have a persistent odour and are 
employed locally in the preparation of 
certain types of medicated oils and incense 
preparations. They are commonly used in 
indigenous medicine, particularly against 
cutaneous diseases, such as leucoclerma and 
leprosy. Their essential oil has a powerful 
effect against the skin streptococci. Local 
applications of oleoresinous extracts from 
the seeds have recently been found to be 
beneficial in the treatment of leucoderma of 
non-syphilitic origin. 

On distillation with steam, the powdered 
seeds yield O’ 05 per cent, of a pale-yellow 
oil with a marked odour of the seeds. The 
petroleum ether extraction of the seeds 
gives a reddish-brown oil and crystalline 
solids psoralene and /.sopsoralene which are 
coumarone-coumarin compounds. The oil 
contains a considerable quantity of resin 
(Jois, Manjunath & Rao, 1933. /. Indian 
cJiem. Soc., 10 : 41 ; Jois & Manjunath, 1936. 
Ber. dtsch. chem. Ges., 69 : 399 ; Spilth et al., 
Ber. dtsch. chem, Ges., 69 : 1087). 

The leaves are gland dotted and may 
contain an essential oil like the foreign 
P. bituminosa Linn. 

10. TRIFOLIUM (Tourn.) Linn. 

(The I.atin name for clover ; referring to the three 
leaflets.) 

This genus comprises about 300 species 
of herbs (clovers) having trifoliate leaves, 


small red or white sometimes yellow 
flowers in dense axillary heads, spikes 
or umbels, and minute membranous, 1- 
or few-seeded indehiscent pods. Its mem- 
bers are found in the temperate and sub- 
tropical regions. It is represented in India 
by 5 species. 

Clovers are important pasture and hay 
plants, although some of the species are 
believed sometimes to produce untoward 
symptoms in animals feeding on them. 
For example, although T, pratense Linn, 
(red clover or cow grass) and f. hybridum 
Linn, (alsike clover) are normally consi- 
dered as valuable fodder plants, some 
authors refer to symptoms of photosensi- 
tization when taken by animals in large 
quantities. Similarly T. repens Linn. 
(Dutch clover, white clover), normally an 
excellent fodder, is said to contain in 
fresh plants a cyanogenetic glycoside 
and to produce poisonous symptoms in 
animals. 

The blos.soms of a number of clovers ex- 
hale a honey-like fragrance. Of the odorous 
species, T. incarnatum Linn, (carnation 
clover, scarlet clover) of Europe and T. 
odoratiim Shrank (probably a synonym 
of T. montanum Linn.) of Italy are the 
best known. Rogerson (1910. J. chem. 
Soc., 97 : 1004) has obtained from the 
flowers of T. incarnatum 0 029 per cent, 
(calculated on dry clovers ) of a power- 
fully odorous pale-yellow essential oil 
having sp. gr. 2 ®° 0 9597 and [a] — 1-5°. 
He has identified furfural as constituent 
of the oil. 

The odour of clover is not extracted on a 
commercial scale, and the trefle (trefoil) 
perfumes marketed by a number of perfu- 
mers are not the products of any species of 
this genus. On the other hand perfumes 
bearing the name trefle are manufactured 
synthetically, and are based on a large pro- 
portion of amyl salicylate, together with 
/.sobutyl salicylate, phenylacetic acid, vanil- 
lin, benzylideneacetone, jonquil, ylang-ylang, 
tuberose, jasmine, etc. 

Trifolium pratense Linn. 

Fl. Brit. Ind., II, 86. 

(Cow Grass, Red Clover, Trefle) 

This is a perennial herb about a foot or 
more high with usually red-purple flowers in 
dense roundish heads | to 1| inches in dia- 
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meter, and 1 -seeded pods. It is found in 
the Himalayas from Kashmir to Garhwal 
at altitudes of 4,000 to 8,000 ft. It is one 
of the common forage clovers in these regions. 
It is regarded as a good cropper where the 
commoner clover fails. 

A rather unpleasant-smelling oil contain- 
ing furfural has been obtained in a yield of 
0*028 per cent., calculated on dry flowers. 
The oil has sp. gr. 0-9476 and [a]-f4 0° 
(Power & Salway, 1910. J, chem. Soc., 
97: 231). 

IL TRIGONELLA Linn. 

<From the Greek ireis — three, and gonia — an 
angle ; referring to the triangular form of the 
flowers.) 

This genus comprises 70 herbaceous species 
out of which 8 are found in India. It is 
found in the Mediterranean region, Europe, 
Asia, S. Africa, and Australia. Its re- 
presentatives are fragrant annuals having tri- 
foliate leaves, small, yellow or white flowers 
in heads or racemes, and linear manv-seeded 
pods. 


Trigonella foenum*graecum Linn. 

Fl. Brit. Ind., II, 87. 

(Fenugreek, Methi) 

This strongly and pleasantly scented 
annual is widely cultivated, particularly in 
N. India, for the sake of its leaves and seeds. 

The green leaves are eaten as a potherb, 
and the dried ones as a flavouring agent. 
The seeds are used in medicine and as a 
spice. 

Fenugreek is locally used as an insect 
repellent. The agriculturists in the Kangra 
district in the Punjab mix the dried plant 
with their grains stored up in bags, in order* 
to protect the cereals from attacks of 
insects during the rainy season. 

In Java the seeds are said to be used in 
cosmetics and hair oils. 

The seeds contain the alkaloid trigonelline, 
choline, and 0-014 per cent, of a brown 
essential oil of intense odour. The oil 
has sp. gr. 0-870 and |aH 0-8° in 10 
per cent, alcoholic solution (Haensel, 1910. 
Apothekerztg, Berl., 25 : 303). 

The odoriferous principle of the leaves 
does not appear to have been examined. 
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Fig. 35 — Psoralea Corylifolia Linn. 
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PART X 

S. KRISHNA & R. L. BADHWAR 
Forest Research Institute, Dehra Dun 


Family XLI — ROSACEAE 

( Rose Family ) 


•^HIS is a large family comprising about 
^ 100 genera and over 2,000 species of 
herbs, shrubs, and trees which are spread 
over the whole world, but most abundant 
in north temperate regions. 

Many plants of this family are cultivated 
for ornamental purposes ; roses, spiraeas, 
flowering cherries, and plums are some of 
the prominent examples. A few only, 
such as Primus puddum Roxb. ex Wall., 
yield timber of some value. There are, 
however, a large number of plants which 
furnish valuable fruits, such as the apricot 
(Primus armeniaca Linn.), peach [P.persica 
(Linn.) Stokes], almond (P. amygdalus 
Batsch), sweet cherry or gean (P. avium 
Linn. ), plums and prunes ( P. domestica 
Linn.), alucha (P. communis Huds., var. 
insititia Hook. /. ), cherries (P. cerasus 
Linn, and others), loquat [Eriobotrya japo- 
nica ( Thunb. ) Lindl, ], strawberry (Fra- 
garia vesca Linn. ), raspberry and black- 
berry (Ruhus sp. ), apple (Pyrus malus 
Linn.), pears ( P. communis Linn, and P. 
sinensis Lindl.), quince (Cydonia oblonga' 
Mill., syn. Pyrus cydonia Linn, and Cydonia 
vulgaris Pers. ), etc. 

Some plants are used for medicinal pur- 
poses, and the root, bark, leaves, and 
flowers of these are said to possess astrin- 
gent, tonic, and anthelmintic properties. 
The mucilaginous seeds of Cydonia oblonga 
have been used in indigenous medicine 
for a long time as a demulcent in the treat- 
ment of gastro-intestinal and other condi- 
tions. 

Many of the plants of this family possess 
poisonous properties and these are due to 
the cyanogfenetic glycosides, such as amyg- 
dalin, prunasin, etc., which occur in the 
leaves, bark, and seeds. Of these, amyg- 
dalin occuiring in bitter almonds ( Prunus 
amygdalus Batsch, var. amara of authors ) 
is well known. 


Apart from cyanogenetic glycosides, other 
glycosides, such as phloridzin, gaultherin, 
etc., saponins, such as those in the bark of 
Quillaja saponaria Molina ( soapbark tree ) 
of Chile, etc., and essential oils are found in 
plants of this family. 

Almost all the fruits mentioned above 
and many others ( such as those of species 
belonging to Fragaria ) have a flavour and 
aroma peculiar to each, and this is due to 
the presence of some essential oil or the 
other, possibly as esters or aldehydes. 
None of these, however, is extracted because 
of the very small quantity present in ex- 
pensive fruits. For this reason, primarily, the 
fruit essences are prepared from synthetic 
products, simulating the natural flavours. 

Oil of roses, which has perhaps been the 
most persistently popular perfume from 
antiquity, is derived from flowers of certain 
species of Rosa which are cultivated for the 
purpose. Many other plants belonging to 
Crataegus, Geum, Prunus, Pyrus, Rubus, 
and Spiraea are also known to contain 
essential oils, and will be described under 
the accounts of these genera. 

The flowers of Filipendula ulmaria Maxim. 
(Spiraea ulmaria Linn. ) of Europe, N. Ame- 
rica, and N. Asia yield 0*2 per cent, of an 
essential oil, which is heavier than water. 
The constituents of the oil are salicylaldehyde, 
methyl salicylate, and traces of heliotropin 
and vanillin (Wehmer). The salicylaldehyde 
is not found in the flowers as such, but 
is formed during distillation. The roots 
of this species also yield an oil the main 
constituent of which is methyl salicylate, 
which is formed from the glycoside gaul- 
therin by the action of the enzyme gaul- 
therase. 

The fruit of a number of species of Pygeum, 
P' gardneri Hook. /., a4 middle-sized 
tree of W. India and the Nilgiris, and P. 
acuminatum Coleb., a moderate-sized to 
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large tree of E. Bengal and Khasi Hills, 
if crushed, emits a strong smell of bitter 
almonds. Similarly, the blaze ( wood ) of 
some species, such as P. glaberrimum Hook. 
/., a large tree of the E. Himalayas and 
Assam, P. montanum Hook. /., a small to 
medium-sized tree of the E. Himalayas and 
Assam, and P. acuminatum, also smells of 
bitter almonds. Even the leaves of some 
species smell of bitter almonds. Although 
none of the Indian species have so far been 
investigated, hydrocyanic acid has been 
reported from the bark of P. parviflorum 
Teijsm. & Binn. of Malaysia. The greenish- 
white or pale-yellow flowers of P. mon- 
ianum, which are J in. across, are slightly 
scented. 

Eriobotrya bengalensis Hook./., a middle- 
sized to large tree of the E. Himalayas 
and Assam, bears white fragrant flowers 
which are J in. across. 

Potentilla fruticosa Linn, (pinjung), a 
shrub in the tempsrate and subalpine Hima- 
layas from Kashmir to Sikkim at altitudes 
of 8,000 to 12,000 ft., bears numerous, 
bright-yellow flowers 1 to 1 J in. in diameter. 
Its pinnately compound fragrant leaves 
are said to be used as a substitute for tea 
by the local people, but no essential oil 
appears to have been distilled and examined. 
From the roots of some species of Potentilla, 
such as the W. Himalayan P. anserina 
Linn, and P. reptans Linn., a small quan- 
tity of an alcohol, tormentol, has been 
isolated. 

Agrimonia eupatoria Linn., a herb of 
the Himalayas, Khasi and Mishmi Hills, 
is reported to contain an essential oil 
( Wehmer ), the nature of which has not 
so far been investigated. 

From among the constituents of essen- 
tial oils reported from plants of this family 
may be mentioned : amyl alcohol, phenyl- 
ethyl alcohol, rhodinol (citronellol), geraniol, 
nerol, linalool, eugenol, farnesol, acetalde- 
hyde, salicylaldehyde, nonylic aldehyde, 
benzaldehyde, furfural, citral, phenylacetic 
acid, methyl salicylate, coumarin and other 
lactones, amylamine, trimethylamine, cadi- 
nene, triacontane, and stearoptene. 

Salicylic acid has been frequently identi- 
fied in the distilled juices of several fruits, 
but it is not certain whether it pre-exists, 
as has been often claimed, in the form of 
methyl salicylate, in the juice of apple, 
strawberry, raspberry, cherry, and plum 
( Naves & Mazuyer, 1947. Natural Perfume 
Materials: 182). 


1. CRATAEGUS Tourn. ex Linn. 

( From the Greek krataigos — a flowering thorn. ) 

This genus comprises about 100 species 
which are usually spiny shrubs or small 
trees, the hawthorns, having white or 
pink flowers in terminal corymbs, and small 
berry-like pomes. In India it is represented 
by 4 species, all of which are confined to the 
Himalayas. Some species are cultivated 
in foreign countries on account of their 
ornamental flowers. 

Although many species of this genus 
yield an essential oil, the hawthorn perfume 
of the market is not a natural product but 
is manufactured synthetically. The base 
for all perfumes of this type is anisaldehyde, 
but the odour is rounded off with aceto- 
phenone and finished with rose otto or 
other floral extracts. 

Some of the constituents of the essential 
oils from flowers of some of the species are 
trimethylamine, amylamine, and sometimes 
ammonia. Similarly constituted oil has also 
been obtained from the leaves of some 
species, such as C. monogyna Jacq. of Europe. 

Crataegus oxyacantha Linn. 

Fl. Brit. Ind., II, 383. 

( Hawthorn, Maybloom, Ban-sangli ) 

This is a small tree with shining, often 
lobed leaves, white or pink fragrant flowers, 
and small red fruits often called ” haws 
It is found in the W. Himalayas from the 
Indus to the Ravi at altitudes of 4,000 to 
9,000 ft. It is often cultivated for the sake 
of its flowers and edible fruit, which is 
said to be better than that of the European 
hawthorn. 

The hawthorn has been regarded by the 
Greeks as a tree of fortune, and is said to be 
used for decorations during the May Day 
festivities of some European countries. 

The flowers have a spicy odour, which 
recalls that of almonds. They yield 0T57 
per cent, of an essential oil which contains 
trimethylamine ( Wehmer ). The natural 
oil is not an article of commerce. 

2. GEUM Linn. 

( The Latin name of herb bennet, G. urbanum Linn. ; 
from the Greek geuo — to stimulate ; referring to 
the aromatic roots. ) 

This is a genus of perennial herbs, hav- 
ing white, yellow or purple flowers. It 
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Fig. 37 — Crataegus oxyacantha Linn. 


comprises about 40 species, which are na- 
tives of temperate and arctic regions, but 
only 2 are found in the temperate and 
alpme Himalayas. 

Geum urbanum Linn. 

Fl. Brit. Ind., II, 342. 

( Avens, Cloveroot, Herb Bennet ) 

This is an erect perennial herb with highly 
dissected leaves, yellow flowers J to f in. 
across, and hairy fruitlets. It is found 
in the temperate W. Himalayas from 
Murree to Kumaon at an altitude of 6,000 
to 11,000 ft. 

The root is aromatic, having a dove-like 
odour, and is sometimes chewed to sweeten 
the breath.^ Owing to Its astringent 


properties it has been employed in Eu- 
rope in cases of dysentery and diarrhoea. 
It was also used to flavour ale in olden 
times. 

Fresh comminuted roots, after standing 
for 12 hours, yield 0-1 per cent, of an oil 
on distillation, the bulk of which is eugenol 
( benzoyl eugenol ). The roots contain a 
glycoside, gein ", which gets hydrolysed 
by an enzyme, " gease' also present in the 
root, leading to the formation of eugenol 
( Bourquelot & H6rissey, 1905. C.R. Acad. 
Sci., Paris, 140 : 870 ; Herissey & Cheymol, 
1925. Ibid., 180 : 384). 

The dry root was distilled by Haensel 
(1903^ Chem. Zbl., 1 : 1137), who obtained 
0*022 per cent, of a reddish-brown oil with 
an aromatic odour, bitter taste, and sp. 
gr. 1*037. 
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Fig. 38 — Geutn urbanum Linn. 


3. PRUNUS ( Tourn. ) Linn. 

( The classical name of the plum tree. ) 

This genus comprises 85 species of 
mostly unarmed shrubs or trees of north 
temperate regions. Of the 15 species found 
in India, the apricot (P. armentaca Linn. ), 
peach [P. persica ( Linn. ) Stokes ], almond 
(P. amygdalus Batsch), sweet cherry or 
gean (P. avium Linn.), plums and prunes 
(P. domestica Linn.), alucha (P. communis 
Huds., vsx.insUitia Hook./.), cherries (P. 
cerasus Linn, arid others ) are well known. 

The most important feature of this genus 
is the occurrence of cyanogenetic or hydro- 


cyanic-acid-producing glycosides in the seeds 
of many of its representatives. These get 
decomposed by the enzymes ( emulsin in 
almonds ), which usually co-exist in the 
plant. Amygdalin, the glycoside of bitter 
almonds, is a typical example. It is also 
found in small amounts in peach kernels, 
plums, cherries, etc. In some plants the 
leaves also contain cyanogenetic glycosides, 
such as prulaurasin in the leaves of cherry 
laurel (P. laurocerasus Linn.), one of the 
ornamental shrubs of S. Europe. 

P. acuminata ( Wall. ) Hook./., a moderate- 
sized or small tree of the Centra} and Eastern 
Himalayas and Khasi Hills, bears small, 
white, scented flowers in axillary racemes. 
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1. Prunus amy&dalus Batsch 
P. amygdalus Baill., FI. Brit. Ind., II, 313, 

( Almond Tree, Badam ) 

It is a small to medium-sized tree which 
is cultivated in the cooler parts of the 
Punjab and Kashmir. It flowers profusely 
in the spring, before the leaves appear. 
The flowers are white, tinged with red. The 
drupes have a velvety, dry pericarp which 
separates into two valves when ripe. The 
stone is compressed, with shallow wrinkles 
and minute holes. 

Two varieties ol almond, viz., amara and 
dulcis, the bitter and the sweet, are well 
known even though no botanical characters 
are known to distinguish one from the 
other. 

Apart from the fatty oil, the bitter almonds 
yield an essential oil, known, as ** oil of bitter 
almonds ", to the extent of 0-5 to 0*8 per 
cent. The bitter almond oil containing 
-hydrocyanic acid is a strongly refractive 
liquid which, when fresh, is colourless, but 
acquires a yellow colour on standing. It 
has the predominating smell of hydrocyanic 
acid which is present and should, therefore, 
be smelt with care. The oil has sp. gr. 
1-045 to 1-070, acid val. 0 when fresh, [a] 
0®, n 1-532 to 1-544, and is soluble in 1 to 
2 volumes of 70 per cent, alcohol. The 
content of hydrocyanic acid varies, being as 
high as 14 per tent, in the crude oil. It 
goes down on rectification. 

Bitter almond oil from which hydrocyanic 
acid has been removed is a colourless, 
optically inactive liquid having b.p. 179®, 
sp. gr. 1-050 to 1-055, n 1*542 to 1-546, and is 
solilble in 1 to 2 volumes or more of 70 per 
cent, alcohol. The above characteristics are 
comparable with those of benzaldehyde 
which is the main constituent of the <ril 
that has been freed from hydrocyanic acid. 
Hydrocyanic acid is not present as such 
in the bitter almonds, but is formed during 
the hydrolysis of the glycoside amygdalin 
by the action of the enzyme emulsin which 
also is present in the bitter almonds. 

In order to obtain the oil of bitter almonds, 
the fatty oil ( which is present to the extent 
of 35 to 60 per cent. ) is first extracted by 
pressing through a hydraulic press. The 
oil cake is then finely ground and suspended 
in 6 to 8 parts of biiling water and allowed 
to stafid for a few hours. When it has 
cooled to about 50®C., about ^ part of 
pf fresh bitter almond paste in 6 to 8 parts 


of water is added to start the enzymic 
action. The mixture is allowed to stand 
for 12 hours at about 50®C., by which time 
the fermentation should be complete. This 
mixture is now ready for distillation with 
steam. Hydrocyanic acid is highly poison- 
ous and, therefore, fullest precautions 
should be taken to prevent its escaping 
into the air in a factory. 

As has been stated before, the bitter 
and sweet varieties of almonds have no 
characteristic distinguishing features. Fur- 
ther, the sweet variety, which is far more 
common than the bitter, is devoid of the 
essential oil. For this reason and the 
high cost of almonds, the commercial oil 
of bitter almonds is mainly derived from 
the bitter kernels of some " varieties " of 
apricot ( P. armeniaca Linn. ) and peach 
[P. persica (Linn.) Stokes]. The es- 
sential oil of apricot and peach kernels 
is similar to that from bitter almonds. The 
yield of the essential oil of apricot kernels 
is 0-6 to 1 per cent, and that of the fatty 
oil 35 to 40 per cent. 

The oil of bitter almonds contains ben- 
zaldehyde, hydrocyanic acid, and benzal- 
dehydecyanhydrin ( or mandelonitrile ). The 
common adulterant of the oil is, therefore, 
synthetic benzaldehyde. Benzaldehyde gets 
readily oxidized to benzoic acid when 
left exposed to air. Bitter almond oil 
containing hydrocyanic acid, on the other 
hand, is much less prone to oxidation, the 
latter acting as a preservative. 

Hydrocyanic acid can be removed from 
the oil of bitter almonds by mixing with 
water, red oxide of mercury, slaked lime, 
and ferrous chloride, out of contact with 
air, and heating on a water bath. The 
hydrocyanic acid gets removed and the 
oil rectified. 

The United States Pharmacopoeia XII 
requires that the oil should not contain less 
than 80 per cent, of benzaldehyde, and not 
less than 2 per cent, and hot more than 4 
per cent, of hydrocyanic acid. This oil is 
intended for medicinal use and neither it 
nor its solution should he used for flavouring 
food. For flavouring purposes hydrocyanic 
acid is more or less completely removed, 
and such an oil is known as oleum amygdalae, 
S.A.P. (= sine acido prussico). 

Even though the synthetic benzaldehyde 
is equivalent to the oil of bitter almonds, 
the latter is preferred by manufacturers of 
flavouring materials since it has a superior 
flavour due perhaps to small amounts of 
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Fig. 39 — Prunus amygdalus Batsch 


other constituents, whose nature has not 
yet been investigated. 

Bitter almond oil is used in pharmacy as 
a nerve sedative and as a base for soothing 
skin lotions. It is used in small quantities 
in such perfumes as heliotrope, and has 
also a wide application in the soap industry. 
It is also largely used as a flavouring agent 
in confectionery, liquors, etc. 

2. Prunus armeniaca Linn. 

Fl. Brit, Ind., II, 313. 

( Apricot, Khubani, Zardalu ) 

The apricot is a medium-sized deciduous 
tree having pinkish flowers which turn white 


after some time. The flowers appear be- 
fore the leaves, and are either solitary or 
in bunches. The fruit is downy with a 
thickened and grooved margin. It is 
commonly cultivated in N.-W. India, es- 
pecially in the hills at altitudes of 4,000 to 
9,000 ft., and occasionally grows as self- 
sown. 

Apricot is the commonest fruit in the 
Punjab Himalayas, and is eaten both fresh 
and dried. The seeds are eaten in the same 
awy as almonds, and in fact form a valuable 
substitute. The oil expressed from these 
is largely used as an illuminant, for cooking, 
etc. As in the case of almonds, there is 
also a bitter variety '' of the ^eeds which is 
undoubtedly poisonous. 
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Apricot kernel of the bitter variety is 
the main source of the commercial oil of 
bitter almonds**. It yields 1*6 per cent, 
of the e^ential oil ( Rabak, 1908. 17.S. 

DepL Agr, Bur, Plant, Ind,^ 133 : 23 ). 
The method of winning the oil is the same 
as described under bitter almonds. The 
uses of the oil are also similar. 

3. Prunus avium Linn. 

Fl. Brit. Ind., II, 313. 

( Cherry, Sweet Cherry, Gean ) 

This is a medium-sized tree, with sweet 
or bitter, nearly black fruit having a smooth 
stone. It is cultivated in the N.-W. Hima- 
layas up to an altitude of 8,000 ft., especially 
in Kashmir. 

The fruit is well known and much valued 
as a dessert. The seed-kernel contains 
amygdalip ( Wehmer )* 

4. Prunus cerasus Linn. 

Fl. Brit, Ind., II, 313. 

( Cherry, Alubalu, Gilas ) 

This is a deciduous shrub or a small tree 
bearing globose fruit which is light red or 
nearly black in colour, and acid or sweet 
in taste. The stone is smooth. It is 
cultivated in the Himalayas of the Punjab 
and N.-W. Frontier Province up to an 
altitude of 8,000 ft. The fruit is edible, 
and the kernel is used for flavouring liquors 
in Europe. 

The seed-kernels as well as the leaves 
contain the cyanogenetic glycoside amyg- 
dalin (Wehmer). 

5. Prunus mahaleb Linn. 

Fl. Brit. Ind., II, 312. 

( Khewati, Mahalib ) 

This is a small, much-branched shrubby 
tree with white, fragrant flowers in pedun- 
cled corymbose racemes. The drupe is J in. 
in length, ovoid and tipped with a short, 
blunt point. It is a native of Central Asia 
and Central Europe, probably also occur- 
ring in N,.-W. India. It is cultivated in 
Baluchistan. 

Thh scented kernels ** are sold in the 
bazars of N.-W. India for use in ^indi^enous 


medicine (Watt). The seeds are stated to 
contain amygdalin ( Wehmer ), and, when 
chewed, have a strong odour of hydrocyanic 
acijl ( Dymock, Warden & Hooper, 1890. 
Pharmacographia Indica^ 1 : 567 ). 

6. Prunus padus Linn.'*' 

Fl. Brit. Ind., II, 315. 

( Bird Cherry, Jamnoi ) 

This is a small to medium-sized deciduous 
tree, the leaves turning red in autumn. The 
drupe is J in. in diameter, globose, acid to 
taste, of reddish colour turning to dark 
purple or black. It is a native of the tem- 
perate Himalayas, occurring at 4,000 to 

12.000 ft. 

According to earlier workers almost all 
parts of the plant ( leaves, flowers, seeds, and 
bark ) contain the cyanogenetic glycoside 
amygdalin ( Wehmer ). Recent work shows 
that the glycoside found in the twigs is pru- 
nasin ( mandelonitrile glycoside ) which, on 
hydrolysis, yields hydrocyanic acid, ben- 
zaldehyde, and glucose ( H6rissey, 1912. 
C,R, Acad, Set., Paris, 154: 1249). 

The heartwood has an unpleasant smell 
when first exposed. 

7. Prunus persica ( Linn. ) Stokes 
P. persica Benth. & Hook./., Fl. Brit. Ind., II, 313. 

( Peach, Nectarine, Aru ) 

This is a large deciduous shrub or a 
small tree, bearing pink flowers which 
appear before or sometimes with the leaves. 
The fruit is succulent and its stone deeply 
and irregularly furrowed. Peach is a form 
with downy pericarp, and nectarine with a 
glabrous one. 

Peach is widely cultivated in India, 
especially in the N.-W. Himalayas where 
some of the finest varieties of the fruit are 
grown. It also occurs in a naturalized 
state in the north-west up to an altitude of 

10.000 ft. It is also cultivated extensively 
in the plains of the Punjab and N.-W. 
Frontier Province, and in the Nilgiris bet- 
ween altitudes of 5,000 to 7,000 ft. 

The fruit pulp, on distillation and solvent 
extraction of the distillate, yields 0*0008 
per cent, of a pale-yellow essential oil of 
peach odour. The reported constituents 

♦Some authors prefer to call it Prunus cornuata 
WaU. 
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of the oil are acetaldehyde, furfural, cadi- 
nene and linalool, and esters of formic, 
acetic, valeric and caprylic acids ( Power & 
Chesnut, 1921. J. Amer, chem, Soc., 43: 
1725; 1922. Ibid,, 44: 2966). 

The seed'kernels contain amygdalin and 
yield about 0*7 per cent, of an essential 
oil, which contains chiefly hydrocyanic 
acid, benzaldehyde, and benzaldehy decyan- 
hydrin ( Rabak, 1908. JJ,S, Dept. Agr. Bur. 
Plant. Ind., 133 : 23 ). These are one of 
the sources of commercial “ oil of bitter 
almonds 

The flower, leaf, and bark have the peculiar 
odour and taste of bitter almonds, and are 
stated to contain hydrocyanic acid. 

8, Prunus puddum Roxb. ex. Wall.* 

Fl. Brit. Ind., II, 314. 

( Wild Cherry of the Himalayas, Padam ) 

This is a moderate-sized to a large tree 
of brilliant appearance when in flower. 
The flowers are 1 J to If in. in diameter, pink 
or white, and appear before the leaves. 
The drupe is J to | in. in length, oblong 
or ellipsoid, obtuse at both ends, with 
scanty, reddish or yellowish, acid flesh, 
and wrinkled and furrowed stone. It is 
found wild in the temperate Himalayas 
from Garhwal at altitudes of 3,000 to 
6,000 ft. to Sikkim and Bhutan from 5,000 
to 8,000 ft., and is also met with in the hill 
stations of Kodaikanal and Ootacamund in 
S. India. 

The leaves and kernels are said to con- 
tain a substance which yields hydrocyanic 
acid ( Greshoff, 1906. Arch. Pharm., Berl., 
244: 670). The bark is also stated to 
contain a hydrocyanic-acid-yielding subs- 
tance, and the smaller branches are used in 
indigenous medicine as a substitute for 
hydrocyanic acid (Watt). 

The heartwood has an evanescent scent. 

9. Prunus undulata Buch.-Ham. 

Fl. Brit. Ind., II, 316. 

( Aruwa ) 

This is a medium-sized deciduous tree 
with rounded crown. It bears white flowers 
and ovoid drupes. It is found in the tem- 
perate Himalayas from Kumaon at altitudes 
of 6,000 to 8,000 ft. to Sikkim and Bhutan 

♦Some authors prefer to call it Prunus cerasoides 
V. Don, 


from 8,000 to 12,000 ft., and also in the 
Khasi Hills. 

The leaves and fruits contain substances 
which yield hydrocyanic acid ( Greshoff, 
1906. Arch. Pharm., Berl., 244: 670). 

4. PYRUS ( Tourn. ) Linn. 

{ The classical name of the pear tree. ) 

This genus comprises about 65 species 
of shrubs or trees of north temperate 
and cold regions. Economically it is an 
important genus in so far that fruits from 
many of its species, such as the apples 
(P. malus Linn.) and pears ( P. communis 
Linn. ), are edible and highly prized. 

The essential oil is usually found in the 
fruit skin, though the flowers also in some 
cases have a smell. The flowers of P. 
aucuparia Gaertn., for example, have the 
smell of hawthorn ( Crataegus oxyacantha 
Linn. ) flowers, and the flowers of a foreign 
species are stated by Wehmer to smell 
of ammonia. Hydrocyanic acid is present 
in many species, particularly in their seeds. 

1. Pyrus aucuparia Gaertn.* 

Fl. Brit. Ind., II, 375. 

( Mountain Ash, Rowan Tree, Battal ) 

This is a small tree with pinnate leaves, 
pink flowers ^ to J in. in diameter, and red 
globose fruits. It occurs in the temperate 
W. Himalayas from Kashmir to Kumaon 
at altitudes from 9,000 to 13,000 ft. 

The flowers have the smell of hawthorn 
( Crataegus oxyacantha Linn. ) flowers, and 
yield trimethylamine (Wehmer). 

The leaves, buds, young twigs, and bark 
are said to contain amygdalin ( Wehmer ). 

The fruit resembles in size and flavour 
that of the same tree in Europe. In certain 
parts of Europe it is made into a jelly, and 
also used in the preparation of a liqueur 
or cordial. 

The defatted seeds were found to contain 
about 0-073 per cent, of hydrocyanic acid 
(van Itallie <& Nieuwland, 1906. Arch. 
Pharm., Berl., 244 : 164 ). 

2. Pyrus malus Linn. 

Fl. Brit. Ind., II, 373. 

( Apple Tree, Seh ) 

This is a small tree rarely exceeding 30 
ft. in height. It is largely cultivated in 

♦Some authors prefer to call it .^or6«s aucuparia 
Linn. 
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the Himalayas, the Punjab, Sind, N.-W. 
Frontier Province, Central India, and the 
Deccan. It is also found wild in the N.- 
W. Himalayas. 

The apple is a well-known fruit, occu- 
pying the foremost place among fruits of 
temperate regions in importance and extent 
of cultivation. It also forms the basic 
raw material for the cider and pectin 
industries. 

The fruit skin of apple yields, on distil- 
lation with steam, a very small quantity 
( 0-00065 to 0-0035 per cent. ) of an essential 
oil, which soon congeals. This on treatment 
with ether and su&equent treatment with 
alcohol can be separated into a solid part 
and an oily part. The yellow oily portion 
has the odour of apples. 

The nature and the constituents of the 
essential oil differ with different horti- 
cultural varieties. The oil from the variety 
known as Ben Davis for example, con- 
tains acetaldehyde, amyl alcohol, fur- 
fural, formic, acetic, caproic and caprylic 
esters, a solid crystalline waxy substance 
of the nature of triacontane, etc. ( Power 
& Chesnut, 1920. J. Amer. chem. Soc., 42 : 
1509). The oil from the McIntosh 
variety contains geraniol, citral, amyl ester, 
etc. (Wehmer). The proportion of these 
constituents varies according to the varieties, 
and this accounts for the differences in 
odour. 

The seedijcernels contain amygdalin 
( Rosenthaler, 1912. Arch,' Pharm., Ber., 
250 : 298 ). 


5. ROSA Tourn. ex Linn. 

( The classical name. ) 

This is a genus of well-known erect, sar- 
mentose or climbing shrubs, the roses, having 
odd-pinnate leaves, mostly prickly stems, 
red, white, pink or yellow ( never blue \ 
flowers with many stamens, and urn-shaped 
calyx tube which becomes fleshy in fruit 
( rose hip ) enclosing the achenes. It com- 
prises about 150 species which are widely 
distributed in the north temperate regions 
and on tropical mountains. In India it is 
represented by eleven species ( excluding 
those cultivated ) . Over four thousand horti- 
cultural varieties, with many petals, are 
recognized. These varieties, which have 
been mainly derived by repeated hybridiza- 
tion of about 30 wild species, are divided 


according to habit or culture into 43 classes 
or races of which the following are the most 
important : climbing tea, polyantha, hybrid 
perpetual, hybrid tea, multiflora. Noisette, 
and tea. A number of species with numerous 

varieties . have been introduced into 
India and are cultivated in public and 
private gardens, mainly for ornamental pur- 
poses. Not all of them are highly fragrant 
and rich in oil content ; in fact some of them 
are more or less inodorous. It is only in a 
few that the oil content is high and they 
alone are fit for extraction of the oil. Of 
the indigenous species the following have 
fragrant flowers : R, anserinaefolia Boiss. 
of Waziristan and Baluchistan, R. gigantea 
Collett ex Crep. of Manipur, R, macrophylla 
Lindl. of the temperate Himalayas, R. mos- 
chata Herrm. ( musk rose ) of the W. Hima- 
layas, R. longicuspts Bertol. of the Khasi 
Hills, and R. sericea Lindl. of the temperate 
Himalayas. 

According to Parry, '' It is of interest to 
note that the odorous organs of the rose may 
be divided into two categories — firstly, the 
petals of the flower ; and secondly, certain 
green parts of the plant, which include the 
calyx and sometimes the green leaves. 
These two sets of organs work in the evolu- 
tion of the perfume independently of each 
other, to such an extent that no case is known 
where the perfume of the two organs are 
identical in the same plant. For example, 
the Rubiginosae, of which the sweet briar 
is typical, has odourless flowers, whilst its 
leaves are delightfully fragrant. And when^ 
this rose is hybridised, as it has successfully 
been by Lord Penzance, the so-called Pen- 
zance briars ( all hybrids ) have sweet- 
scented foliage." 

Only a few species of Rosa have been 
examined for their essential oil, and of these 
may be mentioned : R. canina Linn. ( dog 
rose ) of Europe and N. Asia, R, damascena 
Mill. { damask rose ) cultivated in S. Europe, 
India, Arabia, Persia, Bulgaria, Turkey, and 
N. America, R, centifolia Linn. ( cabbage 
rose, garden rose ) cultivated in many 
countries including India, R, gallica Linn. 

( French rose ) of middle and S. Europe and 
also grown in India, R. moschata Herrm. 

( musk rose ).of N. Africa and India, R, indica 
Linn, of China and cultivated in India, and 
R, Linn, of Bulgaria but also grown in 
India. The characteristic rose perfume is 
well developed in R, damascena, R. centifolia, 
R. gallica, and R, alba. The species which, 
in Asia, is mostly grown for the preparation 
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of otto or attar* is R. damascena with a very 
generous yield of flowers ; R. centifolia is 
also used for this purpose. 

The yield of the oil from different species 
is different, varying from 0*015 to 0*050 
per cent, on fresh petals ( or 1 part of oil 
in 2,000 to 6,000 parts of petals ), and the 
nature of the constituents is also different. 
In general the constituents are geraniol, 
rhodinol ( citronellol ), linalool, eugenol, nerol, 
farnesol, phenylethyl alcohol, esters, citral, 
nonylic aldehyde, and stearoptene ( Bertram 
& Gildemeister, 1894. J. prakt. Chem., 49(2) : 
185 ; 1896. Ibid., 63(2) : 225 ; Schimmel 
& Co., 1890, Oct. Rep. ; 1900, Oct. Ibid. : 
p. 53 ; Sdden & Rojahn, 1900. Ber. dtsch. 
chem. Ges., 33 : 1720; Soden & Treff, 1904. 
Ibid., 37: 1094). 

Apart from the essential oil the rose 
flowers contain a bitter principle, red colour- 
ing matter, tannin ( 2*5 per cent.), fatty oil 
( 1*7 to 2*6 per cent. ), organic acids ( about 
3 per cent. ), quercitrin, and a wax. The rose 
petal wax melts at about 60°C., and has 
been fully described by Prophete ( 1926. 
C.R. Acad. Sci., Paris, 182 : 1559 ). Along 
with the above about 2 per cent, of sac- 
charose and 10 to 15 per cent of invert 
sugars are also present. In India the rose 
petals are converted into a preserve with 
sugar and the preparation is known as 
gtdkand. This preparation is used as a 
mild purgative and is a very pleasant 
medicine to take. 

The rose hip is one of the richest sources 
of vitamin C, and for this reason was and 
still is in demand. 


1. Rosa centifolia Linn. 

Fl. Brit. Ind., II, 364. 

(Cabbage Rose, Hundred-leaved Rose,G«/a6) 

This rose is often cultivated in Indian 
gardens. Next to R. damascena Mill., it is 
the most important rose used in perfumery. 
In India, however, it is seldom used for the 
extraction of the perfume. For further 
details, the reader is referred to what has 
been written under the account of R. damas- 
cena, 

♦Although attar, according to various dictio- 
naries, means otto or essential oil, in India it has 
come to mean, particularly in reference to rose, 
that oil which has been distilled in combination 
with some quantity of sandalwood pfl. 


2. Rosa damascena Mill. 

Fl. Brit. Ind„ II, 364. 

( Damask Rose, Persian Rose, Rose, Gulab ) 

This is an erect shrub armed with curved 
unequal-sized prickles mixed with prickly 
and glandular bristles. The flowers are 
rosy pink, borne in bunches of 5 to 10. 
The sepals are bent backwards after flower- 
ing. Flowering occurs in February to April. 

This is the commonest Indian gjirden rose, 
being cultivated for its beautiml fragrant 
flowers, and is the main species grown at 
Ghazipur, Hathras, Patna, Lahore, Amritsar, 
and several other places in India. This is 
the rose from which essential oil ( otto or 
attar ) and rose water have been manu- 
factured in India for several centuries past. 

The charm of the flower and its delightful 
fragrance have been appreciated since earli- 
est antiquity, and for 5,000 years and 
more the rose has sweetened and often 
sanctified the life of man all the world over. 
From Persia and the Shah’s own gardens 
one may trace its itinerary until, today, 
there is nowhere outside the frozen wastes 
where it does not bloom and give infinite 
joy. It graces the humble cottage and adds 
more than lustre to the vases in palaces. 
Rose throughout the ages has decked the 
bride and garlanded emperors and prelates. 
Indeed, no other flower or perfume has been 
so persistently popular as rose. 

History : The distillation of roses probably 
originated in Persia even before the start of 
the Christian Era, but the earliest docu- 
mentary evidence of rose water dates back 
to 810 A.D. At this period, in the reign of 
the Caliph Mamoun, the province of Farsistan 
was compelled to provide annually a tribute 
of 30,000 bottles of rose water to the treasury 
at Baghdad. Considerable quantities also 
used to be exported from Farsistan to India, 
China, Egypt, etc. The first authentic 
description of essential oil occurs in a work 
written by Geronimo Rossi of Ravenna 
who in 1574 observed small drops of the oil 
floating on the surface of rose water. In 
India the otto of roses is said to have been 
discovered by Nur Jehan, the wife of -the 
Moghul Emperor Jehangir, in 1612 A.D., 
when she noticed a film of oily layer in a 
' canal ' filled with rose petals and water, 
in a palace in Delhi. She is said to have 
had this delicate perfume skimmed with a 
feather, and followed this practice to obtain 
her supply of rose oil. This discovery led 
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Fio. 40 Rosa damascena Mill. 


to the establishment of rose-oil and rose- 1750 Bulgaria had become the principal 
water industry in India, particularly in source of supply of rose otto (Parry). 
Kanauj and Chazipur where the industry Cultivation : Rose plantations are raised 
has existed for at least 500 ye^s, and even almost invariably from cuttings. When 
today Ghazipur and Hathras produce the cultivated for the purpose of oil, those 
bulk of whatever little rose oil or water is varieties are selected which have a fine 
manufactured in India. aroma, are rich in the yield of oil, produce 

^Rose cultivation in India is said to have larger number of flowers, and are resistant 
been started about the seventeenth century, to climatic conditions. It is suid that 
and in ESplgaria in the year 1710. By R. damascena satisfies these conditions, 
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even though in shape and appearance it is 
not so attractive as many other garden 
varieties. In point of fact, R. datnascena is 
a cultural variety not known in wild state, 
and is presumably a hybrid between R. gallica 
Linn, and R. canina Linn, with the character- 
istics of the former predominating. 

The cuttings from old bushes are made 
about the beginning of the cold weather 
( November ) and planted in small pots or 
baskets. In about 3 months they root and 
by February leaves appear when they are 
removed from the pots, earth and all, and 
placed in beds of sandy loam, previously 
prepared, and manured with farmyard 
manure and superphosphate at the rate of 
one ounce to a square yard. The planting 
is done about 3 ft. apart and nearly double 
this distance between the rows, and in this 
way 2,500 plants can be accommodated in 
an acre. The plantation is watered freely 
and frequently during the hot and dry 
weather. Early and excessive drought is 
harmful to the rose crop and so is excessive 
rain that helps flourishing of several pests 
which may ruin the entire crop. By March 
the following year, i.e., 15 months after 
starting, the plantation should be ready for 
harvesting though the maximum amount 
of flowers is not to be expected till the 
fourth or fifth year. 

In Bulgaria the plant is propagated through 
root cuttings. The old bushes are cut down 
and the roots pulled out and separated into 
as many as possible. These are then re- 
planted four or five abreast, in long trenches 
about 18 in. wide and deep, manured and 
watered, so as to form one hedge 80 to 
100 yds. long. The distance between two 
hedges is about 6 ft. In order to combat 
the fungal disease to which rose is liable, 
spraying with Bordeaux mixture ( with 
1 per cent, while the plant is dormant, with 
0*5 per cent, just before the blossoms open, 
and again with 1 per cent, after flowering ) 
is recommended ( Georgieff, 1925 Perfum, 
essent. Oil Rec., 16 : 441 ). Like \n India, 
the planting is done in November, and by 
the following May young shoots appear and 
a year afterwards the plants are in full 
flowering. The maximum number of flowers 
appear between the fourth and tenth years. 
After about 10 years the plants are reju- 
venated by cutting down the branches to 
ground level to allow new shoots to come up 
and form the original hedge. Rose shrubs 
thus handled produce flowers for 20 or 30 
years. 


It is well known that conditions of soil, 
irrigation, and climate are of prime im- 
portance in setting up this industry, since 
most extraordinary differences have been 
noted in the amount of otto yielded by the 
same rose when grown in diflerent regions. 

Y ield : In Bulgaria one acre on an average 
yields 2,100 lbs. of floviers in one season 
( May ) of 21 days ( Gildemeister records 
4,000 lbs. per acre in good plantations ). A 
second flowering takes place sometimes in 
November, but, from the commercial point 
of view, it is said to be of little value. The 
yield of flowers in France varies from 1,800 
to 4,500 lbs. per acre towards the fourth or 
fifth year, when the maximum production is 
realized. In Hathras, in the United Pro- 
vinces, the yield of flowers is 500 to 600 
lbs. per acre per year. Experiments on 
cultivation tried in Cawnpore, in the United 
Provinces ( Srivastava & Sinha, 1921. Per- 
fum. essent. Oil Rec., 12 : 14), show that a 
yield of 1,200 lbs. may be readily obtained, 
and that there is a possibility of increasing 
this to at least 1,500 lbs. per acre per year. 

Collection : Rose flowers are usually col- 
lected before they begin to open. The 
harvest lasts for 3 to 6 weeks and the crop 
must be worked up for the oil immediately. 
The gathering is done early in the morning 
before the sun gets hot. It is essential that 
the flowers be not picked with the hot sun 
on them because the flowers picked during 
the heat of the day not only give a lower 
yield of the otto but the otto also is not so 
sweet in fragrance. Not only are the yield 
and quality of the otto affected by picking 
the flowers during the hot part of the day 
but they are also affected by storage of the 
flowers. 

Srivastava & Sinha ( loc. cit.) have shown 
that the high temperature which prevails 
in Cawnpore, during April, has a marked 
influence on the yield of the otto. Experi- 
ments conducted right in the open under 
the heat of the sun and unprotected from 
the hot wind gave a yield of 0*01 j;)er cent, of 
otto. Simultaneous experiments in a cover- 
ed shed improved the yield to 0*015 per cent. 
When protected with wet screens to keep 
away the hot winds and to reduce the tempe- 
rature of the air surrounding the receiver 
the yield improved to 0*02 per cent. Further, 
comparative experiments using freshly pluck- 
ed flowers and flowers which had been kept 
for 24, 48 and 72 hours, respectively, showed 
that fresh flowers were the only "ones suitable 
for distillation ; those which had been kept 
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for 72 hours had lost the whole of the oil. 
Flowers picked before sunrise and distilled 
immediately gave 0*025 per cent, of otto. 
Flowers which are left for some time before 
distillation tend to get partially fermented 
though the fermentation can be prevented, 
to an extent, by salting and keeping in a 
cool place. 

Preparation of rose otto in Bulgaria : Ac- 
cording to Poucher ( 1936. Perfume, Cos- 
metics <5* Soaps, 2: 212), there are four 
systems of extracting the perfume from the 
flowers, and all of these are practised in 
Bulgaria. They are as under : 

1. Open fire with small alembics. 

2. Open fire with large alembics. 

3. Steam stills including vacuum and 
rotary apparatus. 

4. Volatile solvent extraction. 

** Distillation with Small Alembics — Up 
to 1902 all the rose otto exported from 
Bulgaria was distilled by the growers them- 
selves in small tinned-copper alembics. 
At that time there were in all 2,800 distillers, 
operating over 13,000 small alembics having 
a total capacity of nearly fifteen million 
kilos of rose blossoms. Now there are only 
about 300 peasant distillers with under 
2,000 stills, the old system of distillation 
being continually replaced by modern me- 
thods, involving the use of large improved, 
stills. There are at present over 50 new 
modern plants, ^ operating some 400 large 
open-lire stills and 30 steam stills. These 
modern factories distil nearly 80 per cent 
of the entire rose crop, and the growers 
only 20 per cent of it. The latter generally 
use the old-fashioned gulapana, which 
constitutes one of the out-buildings of the 
local farmer. The small alembics are some 
40 to 43 inches high and have a base of about 
32 inches diameter. There are two handles, 
one on each side for lifting when charging 
and discharging. They are constructed as 
near as possible to a stream so that the 
supply of water for distillation and con- 
densation is assured. The apparatus is 
comparatively crude and consists of a trun- 
cated cone copper boiler having a capacity of 
about 120 litres. The helmet top is mush- 
room shaped and has a straight condensing 
tube fitted into one side. This runs through 
a wooden vat containing the cooling water, 
and where it emerges below there is a 
cavity in the ground which acts as a recep- 
tacle ior the glass receiver. The stills are 
generally placed in rows on a low brick 
hearth. Woo^ is used as fuel. 


" On arrival at the gulapana the red and 
white roses are mixed and distilled at once. 
During the busiest times it is often necessary 
to spread the roses out in a cool place to 
await distillation when they are moistened 
with cold water to prevent fermentation. 
Ten kilos of petals and 75 litres of water are 
placed in» each boiler, the apparatus is fitted 
together and sealed. The fire is then 
lighted and it takes from 1^ to 2 hours for 
complete distillation. The yield of rose 
water and otto measures about 10 litres 
and this is placed aside. The apparatus is 
then emptied, the exhausted roses separated 
by strainer and the hot water returned to 
the boiler for the second distillation. This 
generally measures about 50 litres, and so 
another 25 litres of fresh water is added for 
the further charge of 10 kilos of rose blos- 
soms. This process is repeated until the 
day's collection of flowers has been disposed 
off. The rose otto is separated from the 
reserved distillates by placing the products 
of four distillations (40 litres) together in 
the apparatus and carefully distilling the 
whole. The first 5 litres of cloudy distillate 
are reserved, and when this clears the otto 
is found floating on the surface. It is care- 
fully removed and stored in glass flasks. 
The other 35 litres is left in the still and a 
fresh quantity of rose water added. The 
process is repeated and the otto separated. 

‘‘ As will be observed, the peasant-farmer 
generally re-employs the residuary water re- 
maining after each operation, and this cons- 
titutes a fundamental difference between 
his process and that of the larger manu- 
facturers, where the exhausted flowers and 
residuary water are discarded. In the former 
case, the hot and dark coloured residuary 
waters give the farmer the advantage that 
he commences his new distillation with 
already heated water and so saves fuel. .It 
will be obvious that the progressive con- 
centration of extractive matter in these 
residuary waters will raise the boiling-point 
and cause constituents to be carried over 
with the distillate which increase the yield 
of oil. Since, however, such residuary 
waters in time assume a sharp and distinctly 
unpleasant odour, the increased yield of oil 
is largely discounted by the fact that the 
quality is impaired. Nowadays many far- 
mers have observed this disadvantage and, 
like the larger distillers, completely discard 
both exhausted blossoms and water together, 
thus dispensing with the use of sieve or 
strainer as the case may be. The rose oil 
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made by this primitive method is known 
as Peasant Quality and possesses a soft, sweet, 
honeyed odour lacking in strength. It is 
cheaper than the oil distilled in the large 
alembics because, in the first place, the far- 
mer does not * cost ' his labour and that of 
his family, and in the second place the 
capital involved is comparatively insigni- 
ficant. This type of oil successfully competes 
with ottos produced by other means of 
distillation. 

Distillation with Large Alembics — There 
are over 50 large distilleries belonging to 
private firms or to co-operatives. These 
contain some 400 large open-fire stills having 
a capacity varying from 500 to 2,500 litres 
and are capable of distilling 100 to 500 kilos 
of roses at each operation. They are usually 
made of copper and may have either fixed 
or detachable heads. Different forms exist, 
some being the flat type of still and others 
the erect cylindrical apparatus. In all 
cases they difier from the small former type 
in that they are built into hearths so that ilO 
loss of heat occurs. Moreover, they have a 
perforated platform inside near the base to 
prevent the flowers coming into contact 
with the direct heat of the fires beneath. 
Worm condensers are almost invariably 
used, and the receivers resemble large 
florentine flasks having cylindrical glass 
tops for the observation of the oil as it 
collects on the surface. In the fixed-head 
type of still the flowers are charged through 
a manhole direct from the sacks and until 
the blossoms are within a foot of the top. 
Water is then run in until the flowers are 
completely covered. 

A hefty worker stirs the whole mass 
with a long pole to ensure the separation of 
the blossoms so that they will float freely 
once the operation has commenced. ( Co- 
agulated groups of flowers would interfere 
with the complete removal of the essence.) 
In normal times the ratio of water to flowers 
is strictly observed, being 4 to 5 litres to 1 
kilo of roses. The ratio is only decreased 
with pressure of work when the crop is 
exceptionally abundant. The charging ori- 
fice is closed and the fire lighted. Consi- 
derable experience is here necessary. The 
application of heat must be gentle, other- 
wise a too sudden rise in temperature would 
drive out some of the lighter perfume cons- 
tituents with the air remaining in the still 
and would thus be lost to the detriment 
of the subsequent oil distillate. As a rule 
it takes one and a half hours before any 


condensation takes place, and from two to 
two and a half hours more to complete the 
distillation. The distillate passes through 
the condenser, which is comparatively hot 
at the top and not very cold at the bottom. 
The temperature of the distillate is kept 
at just over 35X., otherwise the stearoptene 
would crystallise inside the condensing tubes. 
The distillation is not stopped until about 
1 litre of rose water is collected for each kilo 
of flowers in the still, the actual volume 
depending upon pressure of work. The 
contents of the still, that is, ^'xhausted 
flowers and water, are emptied from a side 
exit and pass down shoots into a river. The 
distillate flows from the condensers into the 
receivers, arranged in series of two for each 
still, and the rose water constantly passes 
from the second into open tanks having a 
capacity of 100 to 150 litres. When full, 
the contents are automatically pumped into 
large storage tanks for subsequent redistil- 
lation or cohobation. The oil floats to the 
surface of the receivers and appears in the 
glass cylindrical top already referred to. 
It is usually a pale yellowish-green crystalline 
mass, containing all the stearoptene and the 
more highly aromatic constituents. This is 
the Direct Oil and is known locally as Surovo 
maslo. It is removed by either pipette or 
spoon and transferred to glass bottles for the 
time being. The yield is comparatively 
small, because the major portion of the oil 
remains dissolved or is emulsified and in 
suspension in the rose water pumped into 
the storage tanks. This is known as the 
first waters, and when a sufficient quantity 
has accumulated it is transferred to the 
stills for cohobation or redistillation. About 
1,200 litres are run into each still. The 
fire is lighted and heat applied gently. In 
an hour and a half the distillate begins to 
pass and the operation is completed in an- 
other hour. The condensers are operated 
cold since no stearoptene is present in this 
distillate. When some 150 litres of rose 
water have been collected, the distillation 
is stopped and roses added to the residual 
waters in the still, ( The difference between 
this residual water and the peasant resi- 
duary waters above referred to will be 
apparent. ) Distillation commences again 
for the production of direct oil. The above 
150 litres of rose water constitute the 
second waters and are pumped into the 
storage tanks to join other first waters therein 
and to await cohobation. Th€ oil which 
separates in the florentine flasks from the 
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distillation of the first waters is known as 
the Water Oil and is referred to locally 
as Prevarka. This is always fluid. It is 
removed and mixed with the Direct Oil 
to constitute the Rose Oil of commerce. 
The yield from the first and second distil- 
lation is, from the author's actual expe- 
rience in Bulgaria, never a constant ratio ; 
even though seemingly identical conditions 
were observed for repeated distillations. The 
approximate calculations made on the spot 
led to the estimate of 25 per cent direct 
oil as against 75 per cent water oil. These 
mixed runnings, as already stated, constitute 
the crude oil of roses. It is placed in glass 
bottles and exposed to the direct rays of 
the sun for a number of days, when im- 
purities and colloidal matter are preci- 
pitated. The supernatant fluid is carefully 
decanted and filtered. Packing is done 
under the supervision of the local Excise 
authorities, who seal each of the well-known 
tinned copper vases and levy an export 
tax of about 4 per cent, 

** Steam Distillation — This is carried out 
by a few of the larger manufacturers who 
have very efficient and modern apparatus, 
often specially constructed after much ex- 
pensive experimental work. The steam is 
usually generated in a building adjacent to 
the distillery and the stills are as a rule 
larger than those employed for direct fire, 
sometimes having a capacity of 3,000 litres. 
Two types are in existence, one having a 
steam coil or steam jacket and the other 
having a perforated direct steam coil. The 
latter have the advantage of more quickly 
raising the temperature of the water in the 
still and incidentally replacing part of that 
distilled over during the operation of the 
plant. For all steam stills the process, 
flower ratios, etc., are much the same as 
those already described. Owing to the ease 
with which the steam can be controlled it 
is obvious that this constitutes a distinct 
advantage over the direct fire systems. It 
is not unusual for some of the larger manu- 
facturers to have both steam and direct- 
fire stills in operation together. The oils 
from the two sources differ in odour and the 
latter are usually somewhat stronger and 
sharper, even though the bouquet is less 
fine. From the author's comparisons on 
the spot, a mixture of the two would seem 
to make the ideal rose otto, blended in the 
ratio 4>f 2 of fire to 1 of steam oil. The 
largest plant has over 70 fire stills, 2 enor- 
mous steam stills and 4 concrete batteries, 


all of which were in continuous operation 
a few years ago during the peak period of 
perfumery sales. To-day, alas, most of 
them are idle. 

Vacuum Distillation — There is one 
large plant in operation and the process 
differs slightly from the foregoing. In the 
first distillation no oil is separated, the 
product being entirely rose water which 
is pumped into storage tanks. It is then 
redistilled, and yields at one operation the 
whole of the oil. The odour of this rose 
otto is of a very special character and in 
the author's view would be exceptionally 
suitable for perfumes of the white rose 
type. 

Rotating Apparatus — This a modifica- 
tion of the plant used in Grasse for the 
extraction of flowers with volatile solvents, 
and was introduced into Bulgaria by 
Charles Gamier many years ago. It con- 
sists of a fixed vertical drum, inside of which 
perforated metal drums containing the 
blossoms revolve on a horizontal axle. They 
continually dip into the boiling water at 
the bottom of the apparatus and the flowers 
are rapidly exhausted. The actual period 
of extraction is considerably reduced, 
roughly to half that required for the fixed 
apparatus. Moreover, the ratio of water 
to flowers is less, being somewhere between 
three to two and two to one. Furthermore, 
the quantity of rose water distilled over is 
only half of that necessary in the fixed 
apparatus. Whereas in the latter the ratio 
of water oil to direct oil is about three to one, 
it is about two to one in the rotating appa- 
ratus. The principal difference in the oil 
obtained is that of a much lower stearop- 
tene with a consequent increase in the odour 
to weight ratio." 

Volatile solvent extraction : According to 
Poucher, a few of the modern factories 
employ this process which was first intro- 
duced into Bulgaria by Gamier in 1903. 
He installed a factory at Rare Sarli, con- 
taining six 12-tray extractors ( the roue 
type ). Details of this method have been 
given by Poucher ( /ac. cit,) and also by 
Naves & Mazuyer ( 1947. Natural Perfume 
Materials : p. 85, 235 ). According to Naves 
& Mazuyer six more factories were built 
after 1919, all but one equipped with station- 
ary extractors ; three of these were still 
working in 1939. Large quantities of flowers 
were treated in these factories, particularly 
from 1922 to 1930. / In some years, the 
production of the concrete reached as high as 
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2,200 lbs., but fell to 450 to 650 lbs. between 
1932 and 1935. 

Preparation of rose otto in Germany : 
The Bulgarian peasant process is quite 
primitive and leaves much more room for 
improvement. In Germany roses picked 
in the morning are transferred directly to 
the large copper stills, each of which has a 
capacity of about 1^ tons of roses, in addi- 
tion to the requisite water. The stills are 
not heated over direct fire but with steam ; 
water is changed with every charge of 
flowers, and the otto is collected in a series 
of florentine flasks arranged as cascade. All 
this care results in producing a very superior 
otto and, , although it has a high* stearoptene 
content, it is twice as intensive in odour 
and it goes twice as far in perfumery blend- 
ing. The yield of the otto is about 0*02 
per cent. 

Preparation of rose otto in France : The cul- 
tivation of rose is a very old industry in Grasse, 
the home of French essential oil industry. 
The rose which had till fairly recently 
been employed for distillation, almost to 
the exclusion of other varieties, was the well- 
known R. centifolia Linn.^ usually known 
as the May rose or rose de Mai. This rose 
is of exquisite fragrance, but requires much 
care in cultivation, and does not give a high 
yield of flowers. Its odour, however, is 
so charming that it is almost exclusively 
used for enfleurage purposes and for the 
preparation of rose water (Parry). Over 
and above rose de Mai, many new hybrids 
have been developed and they too are em- 
ployed for the purpose of manufacturing 
concrete or otto. Roses de Jardin, which 
is a general name for all the garden roses 
like Brunner van Houtte and tea roses, 
have appeared in the market because of the 
higher yield of otto, even though their 
fragrance does not match that of rose de 
Mai. For instance, the fragrance of otto 
of van Houtte roses recalls that of a bouquet 
of mixed roses. This otto is distinctly 
green in colour when freshly distilled, but 
becomes yellow on keeping, melts at a lower 
temperature (15° to 16° ), and has a high 
optical rotation frequently reaching —11°. 

♦According to several books on perfumery and 
essential oils, such as those by Finnemore, Parry, 
and Poucher the species cultivated mostly in France 
and known by the name of rose de Mai is R. centifolia 
Linn., but. according to the latest book by Naves 
& Mazuyer ( 1947. Natural Perfume Materials : 
p. 234 }, it is R. damascena Mill. These authors 
also state that rose de Mai is the name for R. 
damascena. 


According to Naves & Mazuyer ( 1947. 
Natural Perfume Materials : p. 234), where- 
as the greater part of the Bulgarian harvest 
is used in the production of rose otto, in 
France only a small amount of the essen- 
tial oil is produced, distillation being prac- 
tised mainly to obtain the rose water. The 
major portion of the crop in France is 
used in the manufacture of concrete, but 
a small proportion is also used to produce 
pomades and oils by digestion. According 
to Poucher, approximately 70 per cent, of 
the flowers are treated by volatile solvents 
( principally petroleum ether ), 20 per cent, 
by maceration, and the remainder by 
distillation. 

Preparation of rose otto in India : Otto of 
rose and rose water have been prepared in 
India for the past several centuries, and the 
methods followed have been more or less 
similar in principle to those followed in 
Bulgaria. An account of a more recent 
attempt to establish this industry is given by 
Srivastava & Sinha ( 1921. Perfum. essent. Oil 
Rec., 12 : 14 ), and Gadre & Mukerji ( 1922. 
J. Indian Industr., vide J. Soc. chem. Ind., 
Lond., 1922, 41 : 192R ). Srivastava & 
Sinha ( loc. cit. ) state as follows : 

The two main centres of the rose industry 
in Upper India are Ghazipur and Hathras. 
Rose plantations exist in the neighbourhood 
of both these places, but the industry is 
confined to the manufacture of rose water 
and small quantities of attar ( mixture of 
sandalwood oil and otto of rose ). 

Very little, if any, pure otto is made at 
either of these places, the reason being that 
the yield of otto is so small as to make the 
manufacture quite unremunerative. 

“ Ghazipur was once renowned all over 
the world for its rose products, but now the 
industry has practically died out, and much 
of the so-called Ghazipur rose water really 
comes from Hathras, where roses can be 
grown more cheaply. 

(1) A series of experiments was carried 
out on the ordinary native still ( called 
‘ deg * ), provided with an outlet pipe made 
of bamboo, and connected to a receiver, 
which is kept immersed in water. The 
experiments confirmed the results obtained 
last year, and a yield of 0*004 to 0*0045 per 
cent, of otto on the weight of fresh flowers 
was obtained. 

“ In all these experiments, freshly-plucked 
flowers, free from moisture, were used, and 
the conditions as regards quantity of flowers 
used, time of distillation, water used in the 
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still, were kept identical. The same distilla- 
tion (stc) was used three times over, the quan- 
tity of flowers being the same in each case. 

“ (2) A second series of experiments was 
carried out, using the same apparatus as 
above and keeping all factors identical, with 
the improvement that the water used to cool 
the receiver was kept running. This brought 
up the jdeld to 0*005 per cent. This shows 
that the native practice of not changing the 
cooling water is responsible for some loss of 
the otto. Strange as it may appear, native 
distillers do not care to change the water, 
because they have an idea that cold water 
impairs the aroma of the otto. 

** (3) An improved direct-fired still ( cap. 
20 gallons ), devised and constructed by the 
Indian Essential Oils Company, provided 
with a worm condenser, was next tried. 
Several experiments were carried out, and 
the yield was found to have risen very greatly. 
All other conditions being the same, the yield 
was found to be 0*015 per cent, on the weight 
of the flowers, 

(4) Experiments carried out at Cawnpore 
on steam still using 10 lbs. steam pressure, 
gave a yield of 0*016 per cent.*' 

Experiments on improved still ( 3 above ) 
further showed that if the receiver was 
protected from hot winds and kept cool, 
using 100 lbs. of water and 25 lbs. of fresh 
flowers plucked before sunrise, the best yield 
was obtained, namely, 0^025 per cent. Hope 
is expressed thit with a little further care 
the yield can be improved to even 0*03 
per cent., which is the Bulgarian figure. 
Further, by improving the methods of culti- 
vation it may be possible to increase the 
^ield of flowers per acre as well as the oil 
content of the flowers ( Srivastava & Sinha, 
for. cii . ). 

The above experiments were repeated by 
Gadre and Mukherji ( foe. ctL ) and they 
state as under : 

“ The flowers used for distillation were 
those of R. damascena, the species employed 
in Bulgaria, and were of the red or pink 
variety exclusively, which is the commonest 
Indian garden rose. The flowers from 
Hathras were packed in tins with common 
salt and sent by rail to Cawnpore ; they were 
^tilled the Indian Essential Oils Co., 
and the distillates were forwarded to the 
Government Technical Laboratory at Cawn- 
pore for examination. The flowers grown 
around Cawnpore were distilled at the 
Government Technical Laboratory in a 
steam still and a direct-fired still Which was 


a modernised improvement of the Deg still. 
The flowers were collected early in the morn- 
ing and distilled as soon as possible after 
collection. Distillation usually occupied from 
3 to 5 hours and the weight of the distillate 
collected was the same as the weight of the 
flowers used. Double and triple distillations 
were also tried, the once distilled and double- 
distilled waters being mixed with more 
flowers and distilled from a copper still. In 
preparing these a layer of paraffin oil was 
placed in the receiver to minimise the escape 
of essential oil owing to the prevailing tem- 
perature and high winds. These layers of 
paraffin oil were afterwards collected and the 
amount of rose oil computed by determining 
the iodine-absorption figure of the paraffin 
oil. The oil content of the rose-water 
was similarly evaluated. Determined in this 
manner the average yield of otto obtained by 
distilling Cawnpore flowers amounted to 0*01 
per cent, on the weight of the flowers. 

‘‘ It was found that the iodine value deter- 
mined by Wij's iodine solution gave satis- 
factory and concordant results. Calculations 
were based on 190 as the iodine- value for pure 
otto of rose, this figure being the mean values 
determined by Hudson-Cox and Simmons 
on various samples ( Analyst, 1904, 29 , 175 ) 
and agreeing with figures obtained by the 
authors for Bulgarian otto and a sample of 
pure otto made from Hathras roses. 

It was concluded from these investiga- 
tions that rose flowers grown at various 
localities in the Aligarh District are superior 
for distillation to those available at Cawnpore 
or Ghazipur, the superiority being due to 
richer soil and better irrigation. By means 
of a preservative like common salt, the flowers 
can be stocked undamaged for 3 or 4 days 
after plucking. The high percentage yield of 
otto by the Indian Essential Oils Co. could 
not be substantiated by the authors ; the 
average calculated yield of otto did not 
exceed 0*015 per cent., and the optimum 
yield was found to be much lower than that 
usual in Bulgaria and elsewhere. Determina- 
tion of the iodine-absorption of rose-water in 
the manner described was foimd to be a 
ready and reliable method of evaluating the 
rose-water. 

“ The following types of stills were tried 
in the experiment: — The Deg type; the 
Bulgarian «till ; the steam-still in which 
steam is blown through the flowers ; and an 
improved direct-fired stUl. All three stills 
gave practicsdly the same results with a 
given variety of flowers. Live steam is 
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unsuited for making otto from rose-flowers. 
A steam- jacketed still would be ideal, but its 
use may not be practicable on rose fields. 
The fourth type of still was a modification 
of the Deg still with a separate top, con- 
taining a fairly wide leading tube which 
could be connected with a worm condenser. 
It is portable and easily worked.'* 

In actual practice hardly any pure rose 
otto is manufactured in India. The so-called 
attar or itr " of rose is a mixture obtained 
by the distillation of sandalwood oil and 
rose oil. 

Preparation of rose otto in other countries : 
Otto of rose is also prepared in many other 
countries including Persia, Turkey, U.S.S.R., 
Spain, and N. Africa. 

Production of rose otto and its trade in 
important countries : From 1927 to 1937 the 
area under rose cultivation in Bulgaria varied 
from 14,000 to 18,000 acres and the otto 
produced ranged from 4,000 lbs. to 7,000 lbs. 

The total world production of rose oil 
during 1935-37 is said to be in the neigh- 
bourhood of 9,400 lbs. per annum. 

According to Schimmel & Co. ( 1945. Ann, 
Rep, : p. 50 ), the area devoted to the cultiva- 
tion of roses in Bulgaria decreased from 
15,600 acres in 1939 to 5,700 acres in 1945. 
The yield of flowers was also below normal, 
because of neglect of plants, lack of fertiUzers, 
and the planting of food crops among the 
rose plants. Only 770 lbs. of rose oil were 
produced in 1945 and no rose concrete was 
manufactured in that year or in 1944. 
Schimmel & Co. ( loc, cit. ), quoting from an 
article in the Foreign Commerce Weekly, 1946, 
23(7), p. 41, give the following figures of 
production of rose oil and rose concrete in 
Bulgaria from 1938 to 1945 : — 



Rose oil 

Rose concrete 


lbs. 

lbs. 

1938 

3,785 

5,090 

1939 

8,310 

190 

1940 

4,065 

4,630 

1941 

1,840 

2,650 

1942 

595 

2,790 

1943 

2,490 

4,435 

1944 

1,615 

• •• 

1945 

770 



In 1945 Bulgaria exported 1,408 lbs. of rose 
oil valued at $753,300 to the U.S.A. and 
284 lbs. to prance. The U.S.A. did not 
import rose oil from Bulgaria in 1944, but 
France obtained 282 lbs. of the oil and 167 
lbs. of rose concrete. 

The crop of rose harvested in the Grasse 
area of France in 1945 amounted to only 


858,000 lbs. as compared with 981,200 lbs. 
in 1944. Exports of rose oil from France in 
1945 totalled 1,170 lbs. valued at Frs. 
14,252,000. 

Imports of rose oil from Morocco into 
France during 1945 totalled 1,980 lbs. 

Imports of rose oil into the U.S.A. during 
1945 included, in addition to the Bulgarian 
otto of rose ( see above ) , 420 lbs. of rose oil 
from Turkey, 440 lbs. from the U.S.S.R. and 
287 lbs. from France. 

Rose odours : According to Parry, Blondel 
has grouped the rose odours as follows : rose, 
musk, mignonette, violets, lily of tiie valley, 
hyacinth, fruit, bugs, and clove. 

According to Poucher, “ Slight differentia- 
tions in odour value are not perceptible to 
every one. The sense of taste is, however, 
generally more developed, and inconsiderable 
modifications of flavour are more frequently 
noticed. To the trained specialist, however, 
the merest graduation of odour is appreciable, 
and an expert florist will name the variety of 
rose even in the dark. The real rose odour is 
unique, and represents a type which is 
undefinable, incomparable, and at present 
inimitable by synthesis. This type is best 
represented by Rosa Damascena, cultivated 
in Bulgaria, and approximated to very 
closely by Rosa centifolia, cultivated in 
Provence. There are many variations from 
this type, and some of the roses which 
exhibit slightly different floral notes are 
enumerated below ; they represent practi- 
cally all those that the perfumer is required 
to imitate : — 

“ R, arvensis, also known as the Ayrshire 
rose — some varieties are myrrh-scented ; 
Banksian, recalling violets ; Canina, resembl- 
ing mignonette ; Desprez, fruity ; Eglantine, 
whose leaves recall jasmin ; Macartnean, 
apricots ; Marechal Niel, the most delightful 
of the ' tea ' class, having a somewhat 
fruity odour, resembling raspberry ; Mos^ 
chata, growing wild in Tunis and believed by 
some to be musky and by others to resemble 
pinks ; Muscosa, moss-scented ; May, recall- 
ing cinnamon ; Safrano, recalling pinks ; 
Socrates, resembling the peach ; Souveraine, 
the melon ; Unique jaune, the most charming 
of the ' noisette ' type and having an odour 
of hyacinths. During 1929 a new rose, 
known as ' Portadown Fragrance ', made its 
appearance. It is alleged to have taken 
eleven years to ' produce ' and is the result of 
ingenious crossing by Samuel McGreedy & 
Sons. According to report the ^ odour is a 
complex of tea rose and verbena. In the 
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majority of cases red roses are more odori- 
ferous than white ones, but a peculiarity 
possessed by a niunber of both kinds is that, 
when cut and placed in water, their fragrance 
appears more pronounced than when growing. 
Roses cultivated in a hot climat^ have a more 
powerful perfume, and it has been noticed 
that those flowers grown under glass develop 
a finer aroma than those which thrive in the 
open air. Some roses, e,g. R. gallica develop 
their perfume when dried, while others, e.g, 
R, Damascena, lose it under similar circum- 
stances. Sawer states^ that before a storm 
the odour of a rose ^eems strangely increased, 
and suggests that this may be due to the 
oxidising influence of the ozone in the atmos- 
phere or to the perceptive faculties being 
sharpened at such moments. Other pecu- 
liarities of the rose odour are (a) that no two 
flowers emit the same fragrance ; (h) that 
different flowers from the. same plant have 
never exactly the same perfume.** 

Rose perfume : The rose perfume is mar- 
keted in several forms, e.g., otto or attar, 
concrete and absolute, rose water and oil of 
rose waters, and pomade. The best and 
most powerful form in which the perfume 
can be obtained is undoubtedly the otto. 
The otto, however, does not accurately 
represent the odour of the flower, since, 
during the process of distillation, a large 
proportion of phenylethyl alcohol is lost. 
Phenylethyl alcohol is a constituent of the 
rose oil and is highly soluble in water. Dur- 
ing distillation of the otto it remains dissolved 
in water, and thus disappears to a very large 
extent from the otto itself. This fact 
accounts for the difference in odour, for 
example, between otto of rose and rose 
concrete or rose water. The odour of the 
rose absolute, which is prepared by using 
volatile solvents, is more nearly approximate 
to that of the flowers. The rose perfume 
may also be extracted in the form of pomade 
by maceration, and, in a few instances 
where rose water is prepared in Grasse, the " 
oil is separated which contains the most 
highly odorous constituents and all the 
stearoptene. This is the costliest otto obtain- 
able { Poucher ). 

One lb. of rose oil is obtained by distilling 
3,500 lbs. of flowers in Bulgaria ( Poucher ). 

Characteristics of otto of rose : The charac- 
teristics of otto of rose vary widely according 
to the locality in which the plants are culti- 
vated, and also in one locality from season to 


1. ‘‘ Gdoro^aphia " (1892 ), 24. 


season, mode of distillation, and other condi- 
tions. All these factors have to be taken 
into consideration, and, therefore, the pub- 
lished data should not be regarded as final or 
complete. The odour of the otto also is 
subject to considerable variation. According 
to Poucher, there are two well-defined types, 
possessing : (7) the soft honeyed sweetness of 
the peasant oil, and (2) the intense sharpness 
of the essence ( those distilled from the large 
fire stills ). These two comprise the main 
part of the oils distilled, but in addition 
there are those which have (J) the alde- 
hydic tone of the steam-distilled oils, and 
(4) the leafy heaviness of the product from 
vacuum stills. 

Poucher states that in the first two types 
there are further variations depending upon 
(a) the ratio of different types of roses, (b) the 
time and care taken between plucking and 
distillation, (c) the particular locality from 
which the distiller obtains his flowers for the 
preparation of his own special bouquet, 
\d) the possibility in large fire stills of slight 
burning of the flowers, due to the contact 
with the walls, and (e) the type of the fire 
still, some preferring the detachable and 
others the fixed head. In order to obtain 
otto of reasonable uniformity, some of the 
larger distillers, therefore, prefer to blend 
oils obtained from different districts. 

Physical and chemical data for otto of rose : 
The Bulgarian rose otto, generally speaking, 
is light yellow in colour, occasionally with a 
greenish tinge. It has the consistency of oil 
of almonds at 21® to 25®C. In taste it is 
pungent and balsamic and in odour strong. 
At about 18® to 21 ®C., acicular or lamellar 
crystals separate which are shiny and ir- 
radiant. On account of their low specific 
gravity they collect at the surface forming a 
thin film which breaks up readily when 
shaken. When cooled to a lower temperature 
the oil congeals to a transparent, soft mass 
which again liquefies with rise of tempera- 
ture. 

Higher stearoptene content tends to lower 
the specific gravity of the oil. On account 
of the difficultly soluble paraffins which it 
contains, oil of rose yields turbid solutions, 
even with very large amounts of 90 per cent, 
alcohol. 

According to Simmons { 1925. Perfum, 
essenU Oil Rec^, 16 : 341 ), the foUowing 
figures will be foimd to cover most oils 
of good quality ; figures given by Poucher 
are also recorded ior the purpose of 
comparison: — 
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Simmons Poucher 

SpeciBc gravity*®® 0‘850 to 0 860 0 849 to 0*865 

Optical rotation -1*3” to -1® to -6° 

Refractive index*‘° 1*458 to 1*465 1*452 to 1*466 

Melting point 19® to 24*6® 16® to 24® 

SaponiAcation value 7 to 18 

Total alcohols, as geraniol 70 to 75% 63 to 84% 

Citronellol 30 to 40% 24 to 64% 

Stearoptene 14 to 20% 7 to 25% 

Melting point of stearoptene about 32° 

Acid, val. ... 1*5 to 3*8 

Ester val. ... 3*7 to 17*5 

According to Simmons ( loc, cit, ), the most 
important constituents of the rose otto are 
geraniol ( 40 to 50 per cent. ), rhodinol — 
citronellol ( 30 to 40 per cent. ), nerol, phenyl- 
ethyl alcohol, together with small amounts 
of esters, linalool, citral, nonylic aldehyde, eu- 
genol, a sesquiterpene alcohol, and stearop- 
tene. 

Poucher records the following constituents 
in commercial samples of the rose otto : 
/-citronellol ( 24 to 64 per cent. ), total 
alcohols as geraniol ( 63 to 84 per cent. ), 
nerol (up to 10 per cent.), phenylethyl 
alcohol ( up to 1 per cent. — more in oils by 
vacuum distillation ), esters of geraniol ( up 
to 3*5 per cent. ), eugenol ( up to 1 per cent. ), 
stearoptene ( 7 to 25 per cent. ), and traces 
of /-linalool, famesol, citral, and nonylic 
aldehyde. 

The characteristic honey odour has been 
attributed to traces of phenylacetic acid 
produced by oxidation of the phenylethyl 
alcohol. The proportion of these consti- 
tuents varies in oils obtained in different 
countries. The presence of ethyl alcohol is 
reported in some cases, but it is ascribed to 
the decomposition of flowers, especially when 
the roses get heated and begin to ferment 
during transportation to the stills. If the 
petals were distilled as soon as they are 
picked, the oil contains no ethyl alcohol 
( Simmons, loc, cit, ), 

It must, however, be mentioned that the 
chemical analysis of an otto of rose can never 
be taken as a final criterion of purity, but 
should always be supplemented by a critical 
evaluation of its odour by an expert. 

Artificial otto of rose : While no synthetic 
preparation has yet been able to displace the 
natural otto of rose, efforts to manufacture 
a real artificial otto have been unremitting. 
Fot this purpose combinations of the follow- 
ing have been employed : geraniol, linalool, 
the higher homologues of phenylethyl alcohol, 
citronellol, the various esters of these alcohols 
and of phenylethyl alcohol, phenylacetic acid 
and its esters, and substituted citronellols. 
A near approach to the desired rose smell is 


obtained by suitable combination of these, 
but all such preparations lack in the freshness 
which comes only out of live flowers. In 
order to impart this freshness a little of the 
natural otto is always added to the artificial 
otto, and in good oils a generous proportion. 
Without the natural otto, the synthetic oil 
is of little value to the perfumers. 

Standards and examination of rose oil : 
Rose oil with its high price has always been 
a profitable article for all adulterators. In 
this connection it may be mentioned that, 
in Bulgaria, the amount of otto exported 
in many years exceeded the amount actually 
produced. This is explained by the fact 
that adulteration was practised. In point 
of fact, at one time adulteration was 
the rule and pure otto of rose a rare ex- 
ception. The universal adulterant employed 
in Bulgaria was the palmarosa oil. Pure 
geraniol and similar compounds are also 
used, and “ artificial mixtures " are today 
available which are marketed solely for the 
purpose of encouraging adulteration. Phe- 
nylacetic acid, which is one of the consti- 
tuents of the natural oil, is commonly used 
to impart to the adulterated product the 
honey odour, which is characteristic of the 
natural otto. Other adulterants employed are 
guaiacum wood oil, gurjun balsam, benzyl 
benzoates, nonylic and decylic aldehydes, etc. 
According to Schimmel & Co. ( 1938. Ann. 
Rep, : p. 91 ), adulteration by ethyl alcohol 
has been greatly on the increase during 
recent years, and that geraniol, geraniol 
fractions, and also citronellol are favourite 
adulterants. They also report a crude case 
of adulteration wherein copious amounts 
.of easily detectable terpineol had been 
added. 

Since 1935, the State Agricultural Bank 
of Bulgaria holds a monopoly in that country 
for superintending the manufacture and 
marketing of pure rose oil, and it may be 
hoped that it will be possible to obtain 
rose oil of pure quality. Nevertheless, 
rose oil is, and remains, an article that must 
be taken on trust, and ought only to be 
purchased from dealers of first-class repu- 
tation. With so costly a product as rose 
oil the danger of adulteration is very 
great. 

As mentioned earlier the characteristics 
of rose oil vary a great deal, and it is 
difficult to draw up standard figures, even 
within very wide limits, to cover every 
genuine otto of rose. The bulking of oils 
from different districts, usually carried out 
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by the dealers in Bulgaria, eliminates most 
ous with very abnormal properties, and 
tends to something more approaching uni- 
formity. Although no limits can be defi- 
nitely laid down for pure otto of rose 
(even excluding French otto and those 
oils produced in steam vacuum stills ), the 
characteristics of the commercial oils given 
earlier would be found to cover most oils 
of good quality. The effect on these figures 
of the various adulterants which are likely 
to be met with have been dealt with by 
Simmons ( 1925. Perfum, essent. Oil Rec., 
16 : 341 ). He states as under : — 

Specific Gravity — The specific gra- 
vity of otto of rose is low, and is raised by 
practically all adulterants, except ethyl 
alcohol and added wax. . . 

'‘Optical Rotation — This’ figure has 
been useful in the past in detecting the 
presence of gurjun balsam, which consi- 
derably raises the laevo-rotation, one sample 
examined by the writer showing as high a 
rotation as —19 deg. The presence of the 
balsam can be readily confirmed by Dodge 
and Olcott's test, adding to 5 drops of the 
otto 10 cc. of glacial acetic acid and 3 drops 
of pure nitric acid, and well shaking, when 
with as little as 0*5 per cent, of gurjun bal- 
sam oil a reddish violet colour develops in 
about 30 secs. The introduction of gurjun 
balsam oil into otto appears to owe its 
origin to the adulteration of the otto with 
a rectified paWarosa oil, which had in turn 
been adulterated with gurjun balsam oil. 

" Refractive Index — This figure, like 
the specific gravity, is raised by most 
adulterants except ethyl alcohol and added 
wax, which reduce it. Addition of ethyl 
alcohol is very easily detected by deter- 
mining the refractive index before and after 
washing with slightly warm water, when 
an increase of *0015 after washing may be 
taken as equivalent to about 1 per cent, 
alcohol (vide ' P. & E.O.R.', W15, p. 
74 ). With genuine otto containing an 
appreciable amount of phenylethyl alcohol, 
the refractive index is very often slightly 
reduced by washing due to the extraction 
of this substance* . . 

" Melting Point — The congealing point, 
which was formerly usually determined in 
the examination of an otto, seems now 
quite generally to have given place to the 
determination of the melting point. 
points are usually define4 respectively as 
the temperature at which the fiitt crystal 
appears as the liquefied oil coob, and the 


temperature at which the last crystal dis- 
appears as the solidified otto melts. For 
genuine oils the melting point rises with 
increasing proportion of stearoptene, but 
is reduced by the addition of geraniol, 
palmarosa, or geranium oils, and is raised 
by the presence of ethyl alcohol, since the 
melting point is really the temperature 
at which the other constituents, sometimes 
termed the " eleoptene dissolve the stearop- 
tene, and the solubility of the wax is much 
reduced by the addition of alcohol. The 
solidifying point has been much more cor- 
rectly termed by Siedler, the ' crystal- 
lisation point ' ( Schimmel, ' Semi-Annual 
Report*, April, 1913, p. 90). The effect 
on the melting point of geraniol or similar 
adulterant is sometimes counterbalanced by 
the addition of stearoptene, spermaceti, or 
other wax. Provided the amount of stearop- 
tene is not excessive, the presence of added 
stearoptene is difficult to detect, but the 
addition of spermaceti raises the saponi- 
fication value of the otto, and is also readily 
revealed by the melting point and saponi- 
fication value of the separated wax and the 
melting point of the fatty acids obtained 
after saponification. A sample of such wax 
separated from otto examined by the writer 
gave melting point 49 deg. C. and saponi- 
fication value 118-7. 

“ Saponification Value — The propor- 
tion of esters in genuine otto of rose is 
extremely small, and the determination 
of the saponification value therefore readily 
detects the presence of any saponifiable 
adulterant, such as spermaceti ( vide supra ), 
diethyl phthalate ( found by Schimmel, 
'Semi-Annual Report*, April, 1913 ), or oils 
containing much ester, e.g., geranium oils. 

"Total Alcohols - r— The determination 
of the total alcohols by .acetylation serves 
to reveal the presence of added geraniol, 
palmarosa or similar adulterant, as with 
a genuine otto this figure rarely exceeds 
75 per cent. 

" CiTfiONELLOL — Umney has shown 
('P. & fi.O.R.*, 1913, p. 328) that the 
determination of the percentage of citro- 
nellol by formylation gives distinctly useful 
information, this figure being depressed by 
adulteration 'with geraniol or palmaTosa 
oil. 

" Stearoptene — The significance of the 
proportion of this has been already pointed 
out. It is best determined bjj^ Burgess's 
process which consists in extracting 5. grms. 
otto with 25 cc. 85 per cent, alcohol, cooling 
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in ice for 5-6 hours, filtering off the stearop- 
tene, washing once with cold 85 per cent, 
alcohol, and drying in vacuo over sulphuric 
acid for 12 hours. 

In addition to those mentioned above, 
other adulterants which have been noted 
in otto of rose include guaiac wood oil, 
and nonylic or decylic aldehyde ( Parry, 
' Chem. & Drug.’, 1910, 531), though as 
nonylic aldehyde is a natural constituent 
of otto, adulteration with this substance 
might be difficult to prove. 

''The chemical analysis of an otto of 
rose can never be taken as a final criterion 
of purity, but should always be supple- 
mented by critical examination of its odour 
by an expert. How fallacious a chemical 
analysis only may be is well shown by the 
following figures, which were obtained for 
a mixture, prepared by the writer, of 85 
parts genuine otto and 15 parts palmarosa 
oil, and all of which fall within the 

above-mentioned limits for a genuine otto 
of rose : 

" Specific gravity at 30°C. 0*8554 

Optical rotation .. —1*^30' 

Refractive index at 25X. T4592 

Saponification value .. 11*2 

Melting point .. 21*3°C.” 

According to Naves ( 1948. M/g. Chem., 
19 (8) : 371 ), for many years a rhodinol 
( citronellol ) content of between 25 to 40 
per cent, was accepted as a standard for a 
genuine oil, and oils with higher content 
were rejected as adulterated. Subsequent 
work has shown that the reverse was, in 
fact, true and that a low rhodinol content 
could be an indication of adulteration. 
Naves ( loc, cit. ) advocates a rhodinol content 
of not less than 34 per cent, as the criterion 
of a genuine Bulgarian rose oil. It has, 
however, been shown that the content of 
rhodinol varies between 23 to 40 per cent, 
in the products of the old type of apparatus, 
and between 45 to 55 per cent, by the 
modern apparatus ; a value up to 63 per 
cent, might be obtained for the products 
of rotating apparatus. 

Several authors have stressed the point 
that the ratio of rhodinol to geraniol falls 
during distilktion. This accounts for the 
low figures for oil produced in " peasant " 
apparatus when the operation is pushed 
to the limit in order to obtain high yields 
at the sacrifice of quality of the essential 
oil. It is, therefore, correct to state that 


the increase in the rhodinol content has 
been mainly due to improved distillation 
methods ( Naves, loc. cit. ). 

According to Naves (loc. cit. ), the products 
of rose are characterized by the presence 
of laevorotatory rhodinol, the rotatory power 
of which in sodium light is 4° to 4*50°. It 
is not possible to obtain such a product 
economically from another source. The 
rotatory power of rhodinol from geranium oil 
is never more than 2*5°, and the product 
from other sources is either iracemic or 
dextrorotatory. It has, therein »re, been 
recommended that rhodinol be isolated and 
its rotatory power checked by measurements 
of other constants, such as density, 
refractive index, etc. Isolation is effected 
as follows : — 

The oil is heated at 140° to 160°C. in 
presence of an excess of benzoyl chloride, 
when all the alcoholic constituents are 
destroyed with the exception of the rhodinol 
and a part of the phenylethyl alcohol, 
which get converted into the benzoic esters. 
The low-boiling products are eliminated by 
distillation and the residue saponified. 
The alcohols are rectified by entrainment 
with steam, the phenylethyl alcohol is 
destroyed by heating at 140° over potash, 
and rhodinol isolated by fractional distil- 
lation ( Naves & Glichitch, 1933. Parfums 
de Ft., 11 : 156). 

Addition of rhodinol from any other 
source than rose oil depresses the rotatory 
power ( Naves, loc. cit. ). 

Rose concrete 

The rose concrete is extracted with 
petroleum ether or benzene. According to 
Naves & Mazuyer ( 1947. Natural Perfume 
Materials : p. 234 ), the yield of petroleum 
ether concrete in Provence varies between 
0T7 and 0*27 per cent. ( usually between 
0*24 to 0*265 per cent. ). This concrete 
gives 55 to 65 per cent, of an absolute. 
They also state that in Bulgaria the yield 
of concrete by the same process is 0*22 to 
0*25 per cent., and that this gives 50 to 
60 per cent, of absolute. The concrete 
extracted with petroleum ether ranges in 
colour from light brown to dark brown, 
while that obtained with benzene varies 
from light green to greenish brown ; 
the latter method gives a slightly higher 
yield. It is also stated that the roses 
cultivated at higher altitudes yield more 
concrete. 
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The Petroleum ether concrete from May 
rose in Provence has the following character- 
istics : congealing point 43® to 48®, methoxy 
val. { Ziesel ) 49® to 54®, acid val. 9*8 to 14*4, 
and ester val. 19*6 to 25*6. The Bulgarian 
concrete has the following characteristics : 
congealing point 41® to 4^*5® and saponi- 
fication val. 31 to 56. The commercial 
products are said to frequently contain 
a considerable amount of petroleum ether. 
The presence of petroleum ether depresses 
the congealing point (Naves & Mazuyer, 
loc, cii , ). 

The results of determinations of different 
samples, as given by Naves & Mazuyer 
{loc. cit), show that absolutes from the 
Bulgarian rose have the following character- 
istics: sp. gr.^®“ 0*9682 to 0*9916, [a] +9*4® 
to -fl4*3®, 1*50633 to 1*51556, acid 

val. 3*5 to 11*2, ester val. 19*6 to 30*9, and 
total alcohols 69*3 to 71*8. The absolutes 
are generally brownish green, and are limpid 
and syrupy. They have a remarkable 
dextrorotatory power, whereas the essen- 
tial oils and the distillates are laevorota- 
tory. 

The distillates from the concretes and 
absolutes are colourless and limpid. The 
results of determinations of different samples, 
as given by Naves & Mazuyer ( loc, cit , ), 
show that the distillates from the Bulgarian 
rose have the following characteristics : 
sp. gr.is- 0*951 to 0*992, [a] -0*51® to 
-2*4°, 1*5046 to 1*5190, acid val. 2*1 

to 5*1, and ester val. 5*6 to 10*4 ( Naves & 
Mazuyer, loc, cit . ). 

Rose water 

In some countries, especially in India, 
the rose is distilled not for its otto but for 
the production of rose water. During dis- 
tillation, the distilled perfumed water is 
not returned to the still, as is the case when 
the manufacture of otto is aimed at, but 
sold as rose water. Rose waters of 
different strengths are prepared. If, for 
example, 100 lbs. oi rose petals are distilled 
to yield 100 lbs. of rose water, the first 50 
lbs. distilling over is labelled ** quadruple " 
and the next 50 lbs. “ triple 

On th^ basis of his experiments performed 
in France, Poucher states that it requires 
12,000 kilos of flowers to produce 9,000 
litres of rose water, plus 1 kilo of direct 

The rose water can be evaluated by 
repeatedly shaking with chloroform and 


determining the amount of iodine absorbed 
by the chloroform extracts with Wij's 
solution, the time of interaction always 
being an hour, a period sufficient for com- 
plete absorption. Five successive extractions 
with chloroform were found completely 
to exhaust the rose-water of its oil. Once- 
distilled water made in the laboratory gave 
figures such as 0*0574, 0*0688, 0*0605, 
0*0434 grams iodine absorbed by 450 c.c. 
rose-water, and thrice-distilled water gave 
0*2156 gm. Thus a classification of samples 
of rose-water can be made by the iodine- 
absorption method '' ( Gadre & Mukerji, 
1922. J. Indian Industr., vide J. Soc. chem, 
Industr., Lond,, 1922, 41: 192R). 

The districts of Ghazipur, Hathras, and 
Aligarh are the three main centres of the 
rose industry in Upper India, where consi- 
derable quantities of rose water are manu- 
factured. 

Oil of rose waters 

In France, part of the large amount of 
rose water manufactured in Grasse is ex- 
tracted with volatile solvents. The pro- 
duct obtained is the oil of rose water, which 
has different uses in perfumery than the 
essential oil. The oil of rose water can 
also be used for the reconstitution of rose 
water, and has the advantages of an eco- 
nomy of storage space, packing, trans- 
portation, and an assurance of better 
conservation. According to Naves & 
Mazuyer {loc, cit.), the yield by petro- 
leum ether extraction is from 0*200 to 
0*280 per cent, for the so-called single '' 
water manufactured at Grasse. This 
product consists mainly of phenylethyl 
alcohol. 

3. Rosa moschata Herrm. 

R, moschata Mill., FI. Brit. Ind., II, 367. 

( Musk Rose, Kuja ) 

This is a large, thorny, climbing shrub 
with terminal compound corymbs of very 
sweet-scented, white flowers 1 to 1| in. 
in diameter. It is found in the W. Hima- 
layas at altitudes of 3,000 to 9,000 ft., but 
is more common between 4,000 to 6,000 ft. 

According to Gupta ( 1928. KanjilaVs 
Forest Flora of Chakrata, Dehra Dun, etc. : 
p. 222 ), ** An excellent otto i§ extracted 
from the flowers at Ndhan in Sirmoor 
The shrub flowers in May and June. 
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Fig. 41 — Rosa moschata Herrin. 


6. RUBUS (Tourn. ) Linn, berry, raspberry, etc. Its members have 

(The Latin name for the bramble, derived from 3- to 7-foliate or simple lobed leaves, white 
ruber — red ; referring to the colour of the fruit in or pink flowers with a persistent calyx 
some species. ) bearing the numerous stamens, and a mass 

This is a large genus of often prickly of carpels ripening into a niultiple fruit 
shrubs, including the brambles, the black- composed of many drupelets. This genus 
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is abundant in N. Hemisphere but rare in 
S. Hemisphere. Over 40 species grow wild in 
India, and some of them yield edible fruits. 

The true raspberry of Europe is R. idaeus 
Linn. The fruit pulp, after extraction of 
the juice, yields on distillation a very small 
amount of a greenish oil of strong odour. 
The oil has sp. gr. 0’883, [a] +2-8°, saponi- 
fication val. 193, the same after acetylation 
215, and is soluble in 30 parts of 80 per 
cent, alcohol ( Haensel, 1904. Apothekerztg, 
19 : 854). 

There are a number of species of Rubus 
growing in India which possess the odour 
and flavour of true raspberry, but it is not 
known if any of them yields an essential oil. 

7. SPIRAEA Linn.* 

( From the Greek speiraia, from speira — a spire, 
something twisted ; in allusion to the flexible 
branches. ) 

This is a large genus of uriarmed shrubs 
or perennial herbs, with small perfect white 

♦ The genus as defined here is nowadays usually 
divided into a number of genera, the herbaceous 
members falling under Ulmana and A f uncus, and 
the shrubby species under Spiraea, Sorbaria, etc. 


or pink flowers in dense racemes, corymbs, 
C)anes or panicles. Its members are ^ found 
in the temperate and cold regions of N. 
Hemisphere, and about a dozen species are 
represented in India. 

Members of this genus are hardly of any 
economic importance. Some of the Indian 
species, such as S. hella Sims, are ornamental 
and are cultivated in gardens. The Chinese 
S. cantoniensis Lour, is also occasionally 
cultivated. Both are shrubs ; the former 
with pink, rarely white flowers, and the 
latter with white flowers. 

The different parts of some species are 
stated to yield hydrocyanic acid. Thus, 
for example, the leaves, twigs and roots 
of 5. ar uncus Linn.* of the temperate 
Western and Central Himalayas and flowers 
and leaves of 5. sorhifolia Linn, of the tem- 
perate Western Himalayas are stated to 
yield hydrocyanic acid (Wehmer). 

Salicylaldehyde has been reported from 
the leaves and flowers of some foreign 
species of this genus. 

* Some authors prefer to call it Aruncus 
Sylvester Kostel. 
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Family XLII — SAXIFRAGACEAE 


( Saxifrage 


•^HIS family comprises 90 genera and 750 
* cosmopolitan, chiefly temperate species 
of trees, shrubs or herbs. It^ members are 
distinguished usually by the free bicarpel- 
lary ovary and by having as many or twice 
as many stamens as petals. 

The family is of little importance from the 
economic point of view. Some species are 
cultivated in gardens, and among them may 
be mentioned Hydrangea horiensia Sieb. 
( garden hydrangea, Chinese guelder rose ), 
Philadelphus coronarius Linn. ( syringa ), and 
species of Saxifraga, Deutzia, Escallonia, etc. 
Several species of Ribes yield edible fruits. 
The red currant ( Ribes rubrum Linn. ), black 
currant (R. nigrum Linn.), and the goose- 
berry ( R. grossularia Linn. ) are found wild 
in India and elsewhere, but are not cultivated 
in India for their fruits, as is done in some 
foreign countries. 

The leaves of some species of Ribes, such as 
R, nigrum, R. rubrum, and R. grossularia, con- 
tain hydrocyanic acid. Tannins have been 
reported from the roots of some species of 
Saxifraga, saponins from the leaves of some 
species of Saxifraga and Philadelphus, and 
glycosides from some species of Hydrangea 
and Dichroa, 

Essential oils have been isolated from the 
buds of Ribes nigrum and flowers of Philadel- 
phus coronarius. The leaves and bark of 
Ilea rosmarinifolia Poir. of Cochin-China 
contairt an essential oil, but the Indian I. 
macro^ylla Wall,, 1. chinensis Hook. & Arn., 
and 1. nutans Royle have not been examined 
so far ; the Indian species have glandular- 
toothed leaves. The rhizomes ( pakhan-bed ) 
of Bergenia ligulata ( Wall. ) Engl. ( Saxifraga 
ligulata Wall. ) of the Himalayas are said to 
contain an odorous principle ( Dymock, 
Warden & Hooper, 1890. Pharmacographia 
Indica, 1 : 585 ) ; they are used in indigenous 
medicine as a tonic, in dysentery, and as a 
remedy for boils. The root bark of basak 
{Dichroa febrifuga Lour.) of the E. Himalayas 
is faintly aromatic ( Dymock, Warden & 
Hooper, /oc. cit\ p. 588), and is used in 
indigenous medicine as a febrifuge. Deutzia 
corymhosa R. Br,, a sTirub of the temperate 


Family ) 


Himalayas, bears corymbose terminal pani- 
cles of white, fragrant flowers J to 5 in. in 
diameter. D. staminea R. Br., another shrub 
of the temperate W. Himalayas, bears 
panicles of white, fragrant flowers J to 1 in. 
in diameter. 

P-cymene is the only constituent which 
has been identified in the black currant bud 
oil. 

1. PHILADELPHUS ( Riv. ) Linn. 

( The name of a plant mentioned by Aristotle, 
which has not been identified by modern botanists ; 
from the Cireek word Philadelphon — a sweet- 
flowering shrub. ) 

This genus comprises 20 species of shrubs 
of wide distribution in the north tempe- 
rate regions. It is distinguished by the 
numerous stamens and inferior ovary. Seve- 
ral species with strongly fragrant flowers are 
cultivated as ornamental shrubs under the 
names of mock orange and syringa . In India 
it is represented by two species. 

P. tomentosus Wall. ( P. coronarius Linn., 
var. tomentosus C. B. Clarke ), which is found 
in the temperate Himalayas, bears white, 
very fragrant, tetramerous flowers up to i 
in. in diameter. 

Philadelphus coronarius Linn. 

Fl, Brit, liid., II, 407 ( without description ). 

( Mock Orange, Syringa* ) 

This is an erect shrub with white, orange- 
scented flowers about 1 in. in diameter. 
According to the Flora of British India, this 
plant is not found in India, but Collet ( 1921. 
Flora Simlensis : p. 180) and some other 
authors report it from Narkunda and other 
areas in the Himalayas from Kishtwar to 
Sikkim at altitudes of 6,000 to 10,000 ft. 
It is also cultivated in some gardens in the 
hills. Parker ( 1924. Forest Flora for the 

* The common English name syringa should not 
be confused with the botanical naKie Syringa, 
which is a genus belonging to the family Oleaceae 
and includes the lilac Syringa vulgaris Linn, 
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Fig. 42 — Ribes nigrum Linn, 


Punjab with Hazara and Delhi : p. 237 ), who 
calls it a European plant, states that this 
differs from P, tomentosus Wall, in having a 
septiddal ( not loculicidal ) capsule. 

Treff, Ritter & Wittrisch ( 1926. J. prakt, 
Chem,, 113 : 355 ) extracted the flowers of 
various species of Philadelphus with petro- 
leum ether. They reported 0*237 per cent, 
of a concrete and 0*124 per cent. ( 52*2 ^per 
cent, of the concrete ) of an absolute. The 
absolute on steam distillation yielded 0*006 
per cent, of a yellowish distillate having a 
powerful and characteristic odour. The 
distillate had the following characteristics : 
sp. gr. 0*947, [a] 0®, acid val. 28, ester 
val. 73, and ester val. after acetylation 224. 
It probably contained some metjiyl an- 
thranilate. Farmiloe ( 1929. Perfum, essenL 

'W^ 


Oil Rec,, 20 : 321 ), who investigated the 
flowers of P. coronarius, obtained 0*25 per 
cent, of a petroleum ether concrete, which 
yielded 38*2 per cent, of an absolute. The 
odour of the absolute approximated to that 
of jonquil and narcissus. 

Igolen ( 1938. Parfums de Ft., 16 : 92 ) 
recovered 0*144 to 0*179 per cent, of a reddish- 
brown petroleum ether concrete of hard 
consistency. This concrete gave 25 to 27*2 
per cent, of a reddish-brown absolute of 
thick consistency, having a penetrating, 
fruity odour suggestive of the syringa flowers. 
From the- absolute, Igolen obtained 9 per 
cent, of a steam distillate, which had the 
following characteristics : sp. gr. 0*912, 
[a] +3*5®, 1*4668, acid val. 25*2, and 

ester val. 95*2. 
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The natural perfume is not extracted, or, 
if so, only in insignificant quantities. The 
synthetic perfume of this name is usually 
composed of terpineol, linalool, hydroxy- 
citronellal, and methyl anthranilate. 


2. RIBES Linn. 

( From the Arabic name rihas^ meaning a plant 
with an acid juice. ) 

This genus comprises abbut 60 species 
of shrubs out of which 8 are represented 
in India. Its representatives have small, 
racemose,, variously coloured flowers with 
4 or 5 scale-like petals, 4 or 5 stamens, 
2 styles, and an inferior ovary. The 
fruit is a globose or ovoid berry. It in- 
cludes the currants and the gooseberry which 
have been referred to in the account of 
the family. 

Hydrocyanic acid and essential oils have 
been reported from some species. 

Several Indian species are covered with 
resinous glands or glandular hairs. For 
example, the twigs of R, orientate Desf. of the 
W. Himalayas are glandular and sticky, and 
its pubescent leaves have coarse sticky- 
glandular hairs. R, nigrum Linn, has been 
investigated for its essential oil, and is 
dealt with below. 


Ribes nigrum Linn. 

Fl. Brit. Ind., 11, 411. 

( Black Currant, Muradh ) 

¥ 

This is an erect aromatic shrub 6 ft. high. 
The young twigs are hairy and clothed with 
sessile yellow resinous glands which are also 
found on the petioles, lower surface of the 
leaves, inflorescence, and calyx. The heart- 
shaped 3- to 5-lobed leaves are scented. The 
flowers are greenish, on 2 to 3 in. long 
racemes which arise from leaf-producing 
buds. The berries are globose, \ in. in 
diameter, black, with a strong aromatic 
smell and taste. It is found in the W. 
Himalayas, from Kunawar to Kashmir, at 
altitudes of 7,000 to 12,000 ft. 

The plant is often cultivated in Europe for 
its edible fruits. The Indian fruits from wild 
plants are said to be similar to the cultivated 
black currants. 

The buds yield 0*75 per cent, of a pale, 
greenish oil, having the odour of cymene. 
Its characteristics are : sp. gr.^^® 0*8741, n^° 
1*4858, [a] +2*3°, and ester val. 5*6. The 
oil is soluble in 6*5 parts of 90 per cent, 
alcohol, with slight cloudiness, but is clear in 
10 volumes ( Schimmel & Co., 1907, Apr. 
Rep, : p. 106 ). 

The leaves are said to contain an essential 
oil, quinic acid, and a very active oxydase 
( Huchard, 1909. Pharm. /., 82 : 528 ). 


Family XLIII — CRASSULACEAE 

( Orpine and Houseleek Family ) 


This is a small family of succulent herbs or 
undershrubs, with free calyx, p>ersistent 
petals, and fruit consisting of distinct carpels. 
It comprises 25 genera and 450 cosmopolitan 
species found chiefly in S. Africa. 

A large number of plants of this family 
have smooth succulent leaves, and arc able 
to grow in places where water is at times 
scarce. Life plant [Bryophyllum pinnatum 
{ Lam. ) Kurz, syn. B, calycinum Salisb. ] is 
remarkable for forming new plants at the 
crenatures of the leaves when these are laid 
on damp ground. A few species are culti- 
vated for ornamental purposes, for example, 
Rochea coccinea DC* of the Cape of Good 
Hope. Some species of Cotyledon, especially 


C. ventricosa Burm. /. and C. wallichii Harv. 
of S. Africa, are said to be concerned in the 
induction of a disease called “ krimpsiekte 
or cerebro-spinal meningitis, especially in 
small stock. 

The only species reported to con- 
tain an essential oil is Sedum telephium 
Linn. ( orpine ) of middle Europ)e. Its 
leaves, stems, and roots contain an amor- 
phous glycoside, which breaks up through 
the agency of emulsin into glucose and 
geraniol-smelling essential oil ( Bridel, 
1922. /. Pharm* Chirn,, Paris, 26 (7): 
289; 1922. C.R* Acad. Sci., Paris, 174: 
186; 1923. Ber. Schimmel u.<^Co* Lpz. : 
p. 213). 
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Family XLIV — HAM AMELIDACEAE 

Witch-hazel Family) 


This family comprises about 20 genera 
and 50 species of shrubs and trees which 
are chiefly found in the subtropical region. 

The family, though a small one, is impor- 
tant from the economic point-of view. Some 
species, such as those belongirjg to the genera 
AUingia, Bucklandia, and LiqUidambar, yield 
valuable timbers. Others, such as those 
belonging to the genera Hamamelis, Corylop- 
SIS, and Distylium, are grown as ornamental 
shrubs. The witch-hazel or hamamelis ex- 
tract of trade, whidi is used in medicine as an 
astringent and to stop bleeding, is obtained 
from the leaves of witch hazel ( Hamamelis 
virginiana Linn. ) of N. /America. The 
tough and flexible twigs of Parrotia jacque- 
montiana Decne. of N,-W. Himalayas are 
largely used in wickerwork in the same way 
as the willows, and also twisted into thick 
ropes, often 300 ft. long, which serve for crude 
suspension bridges across the hilly streams. 
The wood of this species is esteemed for 
walking sticks, tent pegs, rice pestles, etc. 

The balsam storax or styrax, which is 
obtained from some foreign species of Liqui- 
dafnbar, is of great importance in perfumery, 
and is also valued in medicine as a parasiticiae 
in scabies and other parasitic skin affections. 
The Indian Altingia excelsa Noronha also 
3 delds a balsam, rasamala, which, though 
differing from the genuine storax in some 
respects, may be used as a substitute. 

The leaves and branches of Hamamelis 
virginiana on steam distillation yield a soft, 
sticky, green oil of strong odour. When 
this is distilled with steam, an yellowish oil of 
a powerful odour is obtained. The bulk of 
this oil consists of a sesquiterpene, an alcohol 
( 7 per cent. ), a small quantity of ester, and 
a wax ( about 70 per cent. ). 

Among the constituents of essential oils 
isolated from members of the family may be 
mentioned : p^phellandrene and other sesqui- 
terpenes, dipentene, a- and p-ptnene, cam- 

e liene, borneol, styrene ( styrol, phenyletl^- 
ne), cinnamic alcohol, cinnamic acid, 
cinnamyl ciiinamate, coumarin, vanillin, 
tenzaldehyde, cinnamaldehyde, and uniden- 
tified aldehydes and ketones, 

li ALTINGIA Koronha 

Thil genus con^rises three arboreous 
species which are found in Assam, S« China, 


and •southwards. In India it is represented 
by only one species, A. excelsa Noronha, 
which is the source of a product called 
Burmese storax. Tonkin storax is derived 
from A, gracilipes Hemsl. 

Altingia excelsa Noronha 

Fl. Brit. Ind., II, 429. 

( Rasamala, Jutuli ) 

This is a tall aromatic tree found in the 
forests of Assam and Bhutan. It is also 
found in Tonkin and thence southwards 
through Burma to Sumatra and W. Java. 

The wood is extensively used by planters 
in Assam for building purposes. The heart- 
wood has a sour odour when first exposed, but 
this passes off as the timber seasons. 

The tree yields a resin which is called 
rasamala. The name rasamala has been 
applied not only to the product from this 
tree, but, also to the Oriental storax from 
Liquidambar orientalis Mill, from Asia Minor 
and several other balsams with a similar 
odour. 

The resin does not appear to be collected 
in Assam. According to Burkill ( i935. 
Dictionary of the Economic Products of the 
Malay Peninsula, 1 , 118), “ In the Levant, 
trees of Liquidambar orientale ( sic ) are 
exploited for liquid storax, first by stripping 
off the outer bark, then by scraping off the 
inner bark, which is packed in horse-hair 
bags and pressed, soaked in hot water, and 
pressed again, the resin being extracted by 
the two pressings ; or the bark is boiled and 
then pressed. The bark is afterwards dried 
and used for fumigations. In' the East there 
is no such process, but the bark is slashed, 
and the scanty clear resin collected ; or fire 
may be applied to a hole cut in the tree and 
discoloured resin obtained. Damage to the 
tree is, in any case, necessary before the 
resin is got. The resin which runs from clean 
wounds is in the form of clear tears, which 
adhere but slightly to the bark. It exudes 
very slowly. No resin, apparently, is collect- 
ed in Assam ; but tWe was a collecting- 
industry in Burma and there is one stiff in 
Annam. It may be collected in Sumatra 
and Java, but scarcely comes into the market 
where what is sold as rasamala is generally 
the imported storax of orieMalh. 
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Fig. 43 — AlHngia excelsa Noronha 


The resin of A . gracilipes is collected similarly 
in Tonkin.” 

The resin differs considerably in its com- 
position, according to the locality and the 
manner in which it is collected. Details of 
the different kinds of resins obtained from 
this species are given by Tschirch & Stock 
( 1935. Die Harze, 2(1) : 105). 

According to Hooper ( 1904. Agric, Ledger : 

& . 118), Manson slashed rasamala trees in 
urma and obtained a white honey-like 
toudation from some of the wounded trees, 
but not from all of them. He noticed that 
the crust of resin near old wounds was hard 
and black. Manson also employed the 
method of obtainitig resin from dipterocarps 


( by the application of fire ? ), and recovered 
a dark-brown solid resin. 

Schimmel & Co. ( 1892, April. Rep, : 
p. 56 ) obtained 0*17 per cent, of an essential 
oil by distilling the wood of Dutch East 
Indies origin. At ordinary temperature this 
oil formed a semi-solid crystalline mass hav- 
ing an odour resembling that of cinnamon 
and rhubarb. The principal constituent of 
the oil was a crystalline substance which 
melted at 54® to 55°C., and probably a 
ketone of which the oxime melted at 160® 
to 107°C. According to Gildemeister & 
Hoffmann, however, it is not certain 
whether the wood subjected to distillation 
by Schimmel & Co* was from A. excelsa 
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or any other tree known by the name 
of rasamala. 

Tschirch & van Itallie ( 1901. Arch, Phartn,, 
BerL, 239 : 541 ) have reported cinnamic acid, 
benzaldehyde, and cinnamaldehyde from the 
resin obtained from Java. 

Hooper (/oc. cit . ) examined two kinds of 
balsams from Burma. The one which 
resembled honey in colour and consistency 
when fresh became white and crystalline 
after two years and possessed a delightful 
iragrance of styrene. This ''soft white 
crystalline balsam " contained 7-65 per cent, 
of a volatile oil. The total cinnamic acid 
content in the resin was 37 per cent. The 
resin had the following characteristics : acid 
val. 24*96, ester val. 174*39, saponification 
val. 199*35, and iodine val. 57*3. The other 
sample consisted of a dark-brown solid balsam 
with a strong and pleasant odour, that of 
cinnamon predominating. - It contained 38 to 
41 per cent, impurities, traces of free ciima- 
mic acid, and 9*7 per cent, cotnbined cinnamic 
acid. The pure resins amounted to about 
54 per cent, and the essential oil to about 
6 per cent. The characteristics of the 
balsam after purification with alcohol were : 
acid val. 76*8, ester val. 53*64, saponification 
val. 130*44, and iodine val. 51*68. 

Hobper (he, cit, ) confirms Tschirch & van 
Itallie ( loc, cit, ) that the Burmese resin, like 
that of Java, has a different constitution 
from true storax of Asia Minor. At the 
same time he states that the resin is rich 
in aromatic compounds. 

The resin from Assam trees has been 
recently investigated at the Forest Research 
Institute, Dehra Dun. It is a pale-yellow 
odorous resin and is obtained in clear tears 
from clean wounds. It contains 4*4 per 
cent, of essential oil. The resin extracted 
by 95 per cent, alcohol has m.p. 90® to 95®, 
sp. gr.*®® 1*046, acid val. 58*3, saponification 
val. 105*4, and ester val. 47*1 { Unpublish- 
ed Records of the Forest Research Institute, 
Dehra Dun). 

2; LIQUIDAMBAR Linn. 

( liquid amber, referring to the fragrant resin 
which its species yield. ) 

lliis gbnus comprises four arboreous species 
which w found in the Mediterranean region, 
Asia, and N. America. All the species 
yield fragrant balsams, known in commerce 
as stprax or styrax, but t^t from i. orien- 
ialis Mill, of Asia Minor is the most important, 
and called Oriental or Levant stbrax. This 


is a semi-liquid, greyish-brown, sticky, opaque 
substance with a pronounced aromatic 
odour. Next in importance is the American 
storax which is obtained from X. styr4icifiua 
Linn. ( sweet gum ). This balsam is a thick, 
clear, brownish-yellow, semi-solid or solid 
substance. The Chinese storax is obtained 
from L. formosana Hance. 

Storax is highly prized by the perfumer 
on account of its fixative properties and its 
sweet, heavy, " Oriental " type of odour. 
The purified balsam is largely used in soap 
perfumery and cosmetics, and in perfumes 
of the type of hyacinth, narcissus, hawthorn, 
cassle, magnolia, etc. It is also used in 
incense, as a flavouring for tobacco, and as 
an important ingredient of many pharma- 
ceutical preparations. 

In Asia Minor, the outer bark of the tree 
is bruised and beaten in order to promote 
the secretion of the balsam. The outer bark 
is then removed and sold for fumigation 
purposes. The inner bark is then stripped 
off and boiled in water, when the balsam 
floats on the surface whence it is removed. 
The bark is also expressed subsequently 
(Poucher). For another and slightly dif- 
ferent account of the collection of storax the 
reader is referred to an article by Jeancard 
( 1925. Parfum. mod,, 18 : 73 ). The crude 
balsam, known as liquid storax of com- 
merce, is further purified by dissolving in 
alcohol, filtering to remove portions of bark 
and other debris, and evaporating to 
remove the solvent ; it is then called 
" prepared storax 

According to Finnemore, the Oriental 
balsam contains free cinnamic acid ( 23 per 
cent. ), combined cinnamic acid ( 24 per 
cent. ), aromatic esters ( 22*5 per cent. ), 
styrene and vanillin ( 2 per cent. ), resin 
( 36 per cent. ), water ( 14 per cent. ), inso- 
lubles in ether ( 2*4 per cent. ). According 
to Naves & Mazuyer ( 1947. Natural Perfume 
Materials : p. 265 ) a good quality balsam 
gives 60 to 75 per cent, of ah alcoholic resinoid, 
55 to 70 per cent, of a benzene resinoid, 35 to 
55 per cent, of a petroleum ether resinoid, 
and 65 to 70 per cent, of an acetone resinoid. 
These resinoids are prepared with Heat. 
Storax is known to contain a high percentage 
of water; sometimes the water may reach 
20 or even 30 per cent* Storax purified with 
alcohol Jhas the following characteristics : 
acid val. 68 to 94, ester val. 105 to 154, and 
saponification val, 171 to 234. 

The balsam yields 0*5 to 1 per cent, of a 
highly aromatic oil (storax oil ). This oil 



Fig. 44 — r^fmtfia/ta arjum Wight & Arn. 
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is a bright-yellow to dark-brown liquid of 
varying constitution, which depends upon 
the manner and style of distillation. It 
contains styrene (styrol, phenylethylene ), 
which is the principal odorous constituent 
having an unpleasant, sharp, benzene- 


like smell, cinnamaldehyde ( styrone ), with 
the ethyl, benzyl phenylpropyl esters of 
cinnamic acid, and a trace of vanillin. 
Some cinnamyl cinnamate distils over with 
it. Naphthalene has also been isolated 
from the oil ( Finnemore ). 


Family XL V - COM BRET ACE AE 

( Myrobalan Family ) 


This family comprises 16 genera and 
about 500 species of trees and shrubs, some 
of the latter climbing, with alternate or 
opposite, simple, entire leaves and perfect or 
rarely polygamous flowers. Its representa- 
tives are widely distributed ^Jfiroughout 
the tropical and subtropical re|fons of the 
world. 

From the economic point of view this is 
an important family, containing as it does 
some of the important and widely distributed 
trees of India, which are valuable for their 
timber and other products. Several species 
of Terminalia and Anogeissus are especially 
important for their timber. The fruit and 
bark of many plants, especially the termi- 
nalias, have astringent properties due to the 
presence of large quantities of tannins ; they 
are often used medicinally. The fruit of 
Terminalia chebula Retz. ( chebulic myro- 
balan, harar ) is a valuable tanning material, 
and large quantities of it are exported, 
valued at about Rs. 4,500,000 annually. 
That of r. hellirica ( Gaertn. ) Roxb. ex 
Fleming ( belleric myrobalan, hahera ) enjoys 
considerable internal trade for use in indi- 
genous medicine, as a purgative, etc. The 
sum ( ghatti gum ) front Anogeissus latifo* 
lia Wall, is commercially important, beings 
a good substitute lor gum tragacanth. 


Quisqualis indica Linn. ( Rangoon creeper ) is 
commonly cultivated in Indian gardens. 

Members of this family have not been 
investigated from the point of view of essen- 
tial oils, but a number of them bear scented 
flowers. The small flowers of Terminalia 
alata Heyne ex Roth, syn. T. tomentosa 
Wight & Arn. and T. tomentosa Bedd., var. 
typica C. B. Clarke ( laurel, ain, saj ), T. 
arjuna Wight & Arn. ( arjun ), T. catappa 
Linn. ( Indian almond tree, jangli hadam ), 
r. travancorensis Wight & Arn., syn. T. 
angustifolia Roxb. ( kotta-kadakai ) are sweet- 
ly scented. The flowers of T. chebula Retz. 
and r. bellirica ( Gaertn. ) Roxb. ex Fleming 
have an offensive odour. All these are 
medium-sized to large trees of wide distribu- 
tion in India, except T. travancorensis which 
is confined to the evergreen forests of Tra- 
vancfore. Combretum nanum Buch.-Ham. tx 
D. Don, an undershrub of the outer Hima- 
layas, W. Bengal, and the Central Provinces, 
bears terminal racemes of white, fragrant 
flowers which are J in. in diameter. The 
flowers of QuisqUalis indica Linn., a large 
subscandent shrub which is commonly cul- 
tivated in gardens, are sweet-scented ; they 
are 2| in. long and IJ in* across, white, 
soon turning red, and borne in axillary and 
terminal spikes. 
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Family XLVI — MYRTACEAE* 

( Myrtle and Jamun Family ) 


'T'HIS family comprises about 90 genera 
^ and 3,000 species of trees or shrubs 
which vary in size from small creepers to the 
giant eucalypts. It is found in warm regions, 
with Australia and tropical America as the 
chief centres. Its members are charac- 
terized by opposite and exstipulate leaves 
which, together with the young stems and 
parts of the flower and fruit, are usually 
copiously supplied with oil glands ; for this 
reason the leaves are pellucid punctate and 
aromatic when crushed. The inflorescence 
is cymose and the flowers have numerous 
stamens and an inferior or half-inferior ovary. 

This is an important family containing 
many useful trees and shrubs, which are 
either indigenous to India or have been 
introduced. The guava (Psidium guajava 
Linn.), rose apple [Eugenia jambos Linn., 
syn. Syzygium jambos { Linn.) Alst. and 
Jambosa vulgaris DC.], and the black plum 
or jamun [ Eugenia cumini ( Linn.) Druce, 
syn, J?. jambolana Lam, and Syzygium jam- 
bolanum DC.] are some of the popular fruits. 
The fruit of Rhodomyrtus tomentosa ( Ait.) 
Hassk. ( hill guava, downy myrtle ) of the 
Nilgiris is also edible. The dried unopened 
flower buds of Eugenia caryophyllata Thunb. 
[E, aromatica (Linn.) Baill., Syzygium 
aromaiicum ( Linn.) Merr. & Parry ] consti- 
tute the well-known clove or lavanga which 
is one of the most widely used culinary spice ; 
the annual demand for this spice is about 

12.000 tons, most of which comes from 
Zanzibar and Pemba, and also to a large 
extent from Amboina, Madagascar, Penang, 
etc. The allspice or pimento ( which is the 
rapidly dried unripe berry of Pimenta offi- 
cinalis Lindl.) is another important culinary 
spice, which is in demand to the extent of 

4.000 to 5,000 tons annually ; it is supplied 
mostly by Jamaica. 

A number of species of this family yield 
essential oils out of which the following are 
well known in commerce : — 

Clove oil of commerce is obtained from the 
unopened flower buds of Eugenia caryophyl- 


lata in a yield of 14 to 21 per cent. Its prin- 
cipal constituent is eugenol, which is usually 
present in the oil to the extent of 85 to 92 
per cent. The bulk of the oil is employed 
for the extraction of pure eugenol which is 
required for the preparation of vanillin 
( artificial vanilla ) — the famous flavouring 
agent. The flower stalks and leaves of 
cloves also yield about 5 per cent, of essential 
oils, which are known as clove-stem and 
clove-leaf oils in commerce. They are also 
rich in eugenol. 

Allspice or pimento oil is obtained from the 
rapidly dried unripe berries ( allspice, 
pimento ) of Pimenta officinalis to the extent 
of 3 to 4*5 per cent. It contains 60 to 80 per 
cent, of eugenol. Like the oil from the 
berries, the leaf oil too is rich in eugenol. 

The leaves of Pimenta acris Kostel. 
( Jamaica bayberry, wild clove ) yield 1 to 
1*5 per cent, of an essential oil known as bay 
oil or oil of myrcia, which is used in perfu- 
mery and in the preparation of bay rum. 
The principal constituents of this oil are 
eugenol and its methyl ether. 

Cajuput oil of commerce is obtained from 
the leaves of Melaleuca leucadendron Linn. 

{ most probably from its variety minor 
Duthie although it is stated to have been 
obtained from M. leucadendron type and 
other species of Melaleuca ). It contains 45 
to 55 per cent, or more of cineole, and is used 
in medicine and as an insect repellant. The 
Dutch East Indies, the principal producer of 
the oil, exported about 65 tons of the oil in 
1937, whereas larger amounts were exported 
during previous years. The trade in this oil 
has declined to an extent, and this is due to 
the competition of Australian eucalyptus oils 
with a cineole content of over 70 per cent. 

Niaouli oil or gomenol is obtained from 
Melaleuca viridiflora Soland, ex Gaertn. of 
New Caledonia, and in general resembles 
cajuput oil. A form of this spyecies has 
recently been found to be a potential source 
of nerolidol and linalool. Nerolidol is in 
demand in high-class perfumery, but is 


* The Myrtaoeae, as itnderSlood in this work, is exclusive of the family Lecythidaceae. 
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rather a rare ingredient in the vegetable 
kingdom. It can also be converted into 
farnesol, another rare ingredient. 

Recently an essential oil from the leaves 
of the Australian Melaleuca aHernifolia Cheel 
( narrow-leaved paperbark tea tree ) has come 
into prominence for its germicidal value. It 
is obtained in a yield of 2 per cent., and 
contains cineole, terpinenes, and terpineol. 

Myrtle oil of commerce, which finds use in 
soap industry, is obtained from the leaves of 
Myrtus communis Linn, (myrtle), a foreign 
plant. This species is cultivated in Indian 
gardens. 

Essential oils from the Australian eucalypts 
are well known in commerce. They are 
generally grouped into [i) pharmaceutical or 
medicinal oils ( sometimes called cineole oils 
from the name of the principal constituent ), 
(ii) industrial oils ( sometimes called phel- 
landrene oils from the name of the principal 
constituent), and {Hi) perfumery oils. Out 
of about 500 species and 138 varieties of 
Eucalyptus, less than 20 are being exploited 
at the present day for obtaining essential 
oils of commerce in Australia. These are : 
{a) E, polyhractea R. T. Baker ( blue mallee ), 
E, australiana R. T. Baker & H. G. Smith 
(black peppermint), E, dives Schau., var. 

(broad-leaved peppermint), E. elaeo- 
phot a F. Muell. ( applejack ), E, sideroxylon 
A. Cunn. ( red flowering ironbark ), E, leu- 
coxylon F. Muell. ( white gum ), E. cneorifolia 
DC. ( narrow-leaved mallee ), E. viridis R. T. 
Baker ( green mallee ), E. dumosa A. Cunn. 
ex Schau. ( bull mallee ) , and E. dives Schau. 

( broad-leaved peppermint ) — essential oils 
from all of these are used for medicinal 
purposes ; (h) E. phellandra R. T. Baker & 
H. G. Smith* ( narrow-leaved peppermint ), 
E. dives Schau., var. “A” (broad-leaved 
peppermint), E. numerosa Maiden ( whitetop, 
river white gum), and E. numerosa Maiden, 
var. “A'' ( whitetop, river white gum ) — 
essential oils from these are used for industrial 
purposes, such as in the flotation ” process 
for concentrating ore ; and (c) E. macarthuri 
Deane & Maiden ( Paddy's river box ) and 
E. citriodora Hook. ( lemon-scented gum ). 
In addition, E. odorata Behr. ( box tree or 
peppermint ) and E. smithii R. T. Baker 

* Eucalyptus phellandra was described by R. T. 
Baker & H. G. Smith in Research on Eucalypts and 
their Essential Oils, 1920 : p. 280, but it has not been 
included in Index Kewensis. The Kew authorities, 
whose attention has been drawn to this omission, 
inform us that it will now be included in the eleventh 
Supplement. 


( gully ash, white ironbark, whitetop ) are 
also important species. During the year 
1941-42, Australia exported 190,192 gallons 
of these oils. About 90 species of Eucalyp- 
tus have been introduced into India, but, 
of these, only E. citriodora, E. dives, E. 
elaeophora, E. leucoxylon, E. macarthuri, E. 
sideroxylon, and E. smithii are the impor- 
tant species. Even these do not appear to 
have attracted any attention in this country 
from point of view of the valuable essential 
oils, and only casual efforts have hitherto 
been made to cultivate them. If they have 
not been successfully cultivated at one place, 
no attempts have been made to try them 
at other places. On the other hand, atten- 
tion has been mainly diverted to the cultiva- 
tion of E. globulus Labill. ( blue gum ) in the 
Nilgiris, primarily for the supply of fuel and 
only incidentally for the distillation of 
essential oil from the leaves. The essential 
oil from this species, however, does not 
conform to the present British Pharma- 
copoeia! standard. It is, therefore, suggested 
that proper species which yield valuable 
essential oils should be cultivated in India. 
In particular, special attention should be 
paid to the cultivation of shrubby species 
( the malices ), such as E. polyhractea, E. 
cneorifolia, etc. 

All the above-mentioned species yielding 
valuable essential oils are described in detail 
later. From among the other plants of the 
family yielding essential oils may be men- 
tioned the following : — 

Backhousia oil is obtained from the leaves 
of the Australian Backhousia citriodora 
F. Muell. in a yield of about 1 per cent. This 
essential oil is remarkable for the high pro- 
portion of citral ( 94 to 97 per cent.) which 
it contains. It is used in perfumery, to an 
extent, for its lemon-grass-like odour. It was 
also at one time a source of citral and a raw 
material for the manufacture of ionone, but 
is now only , produced on a small scale since 
the oil of lemon grass is available at a cheaper 
rate. According to Penfold & Grant ( 1923. 
J. roy, Soc. N,S.W., 57 : 211 ) it has an 
extraordinarily high germicidal value, its 
r/w coefficient being 16. The leaves and 
branches of B. myrtifolia Hook. & Harv., 
another Australian plant, 3 deld 0*22 to 0-76 
per cent, of a pleasant-smelling oil which is 
entirely different from that of B. citriodora. 
This oil contains 75 to 80 per cent, of the 
phenol ether elemicin ( Penfold, 1922. Ibid., 
56 : 125 ), The dried leaves and terminal 
branches of B. angustifolia F. Muell, of 
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Australia yield 1*05 per cent, of a pleasant oil 
containing as its principal constituent 75 
per cent, of a substance which is probably 
a phenol allied to tasmanol and leptospermol ; 
other constituents isolated from the oil are 
a- and p-pinenes, cineole, a-terpineol, a 
small quantity of a sesquiterpene and pro- 
bably a solid lactone ( Penfold, 1923. Ibid,, 
57 : 300 ). The leaves and terminal branch- 
lets of another Australian species, B, scia- 
dophora F. Muell., yield about 0*3 per cent, 
of an oil which consists in the main of pinene 
( 80 to 85 per cent.), a se^uiterpene, a 
sesquiterpene alcohol, a phenol, and caprylic 
acid in the form of esters ( Penfold, 1924. 
Ibid,, 58: 113 ). 

The Australian species of the genus Leptos- 
permum ( tea trees ) have been the subject 
of research in that country. They yield 
essential oils which differ considerably. 
Several species contain citral, while terpenes 
characterize some. The oils from different 
forms of L. liversidgei R. T. Baker & H. G. 
Smith are of interest. One form yields 0*25 
to 3 per cent, of an. oil containing 35 to 50 per 
cent, of citral and no citronellal, another gives 
about 0*55 per cent, of an oil containing 70 to 
80 per cent, of citronellal and no citral, while 
the third form yields 0*6 to 0-8 per cent, of 
an oil containing 70 to 80 per cent, of 
citral — no citronellal? (Penfold, 1922./. 
roy. Soc. N.S,W., 56 : 82 ). The second and 
third forms are rich sources of citronellal’*' 
and citral, respectively. Further, the oil 
from the second form is identical in odour 
and cannot be distinguished except by che- 
mical examination from the oil of Eucalyptus 
citriodora which is much richer in citronellal 
( containing 70 to 85 per cent. ) than any 
other citronellal-containing oil. Another 
Australian species, Leptospermum flavescens 
Sm., yields from its leaves and branchlets 
about 0*8 per cent, of an essential oil con- 
taining dextrorotatory eudesmol, sesquiter- 
penes eudesmenene and aromadendrene, a- 
and p-pinenes, a liquid phenol ( leptospermol ), 
and small amounts of citral and unidentified 
alcoholic bodies. According to Penfold 
(1921. Ibid,, 55:170; vide also Perfum, 
essent. Oil Rec., 1922, 13 : 82 ), it has distinct 
commercial possibilities, especially in view of 
the large proportion of sesquiterpenes it 
contains. The sesquiterpenes have a fine 
cedarwood-like odour, and the oil could be 

* St. Pfau ( 1925, Perfum. essent. Oil Rec., 16 : 
183 ) has thrown a considerable doubt on the 
validity of the bisulphite hiethod of estimating 
citronellal in the oil. 


used for soap perfumery. The yellowish oil 
from the leaves of L, odor alum Cheel of 
Australia has a pleasant terpene and rose-like 
odour. According to Penfold ( 1920. J. roy. 
Soc. N.S.W., 54 : 197 ), it is obtained in a 
yield of 0*75 per cent, and consists essentially 
of the following terpenic compounds : dex- 
trorotatory eudesmol, laevorotatory eudes- 
mene, laevorotatory aromadendrene, a- 
pinene, p-pinene, together with small 
amounts of a rose odour alcohol, butyric and 
acetic acid esters, and phenols, one of which 
is probably “ tasmanol Another Australian 
shrub L. citratum Challin., Cheel & I'enf. (L. 
flavescens Sm., var. citratum Bailey & White ) 
yields from its leaves and branchlets 1*73 to 
1*85 per cent, of a pale-amber-colonred oil 
containing 90 per cent, of citral and citronellal 
in equal proportions with a small amount of 
an alcohol resembling geraniol or citronellol ; 
a phenol and traces of aromadendrene are 
also present ( Challinor, Cheel & Penfold, 
1918. Ibid., 52 : 175 ). This oil occupies 
a position intermediate between those of 
Eucalyptus citriodora Hook, and Backhousia 
citriodora F. Muell., which contain the largest 
recorded quantities respectively of citronellal 
and citral. It possesses a strong, pleasant, 
modified lemon odour, suggestive of the 
principal constituents citronellal and citral. 
It may be useful as a soap perfume. In a 
recent publication, Penfold & Morrison ( 1946. 
Aust. J. Pharm., 27 : 723 ) state that this 
lemon-scented tea tree has three varieties ; 
the type yields an oil containing 75 to 85 
per cent, of a mixture of citral and citronellal, 
the variety “A" consists principally of 
y-terpinene, while variety “B" contains 
geraniol and citronellal, together with a 
small percentage of citral and terpenes. 

The essential oils of the several heath-like 
shrubby species of the Australian genus 
Darwinia are of interest iii perfumery. The 
leaves of D, fascicularis Rudge yield 0*3 to 
0-5 per cent, of an essential oil which con- 
tains 56 to 65 per cent, of geranyl acetate 
and 13 per cent, of geraniol ( Baker & Smith, 
1899. /. roy, Soc. N.S.W., 33 : 163 ). Those 
of D. taxifolia A. Cunn. yield 0*313 per cent, 
of an essential oil which contains /-pinene 
and 7*9 per cent, of an alcohol resembling 
linalool in odour ( Baker & Smith, loc, cit . ). 
The leaves and branchlets of D. grandiflora 
R. T. Baker & H. G. Smith ( D, taxifolia A. 
Cunn., var. grandiflora Benth. ) yield 0*35 
per cent, of an essential oil containing ^/-a- 
pinene ( as the principal constituent ), a 
terpene, a sesquiterpene and its corresponding 
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alcohol, and small quantities of fsovaleric 
acid and amyl alcohol, along with the 
acetic ester of a new alcohol called darwinol 
CioHigO (Penfold, 1923. Ibid., 57 : 237; 
Perftm. essent. Oil Rec., 1924, 15:186). 
From another sample of this species Baker 
& Smith ( 1917. J. toy. Soc. N.S.W., 50 : 
181 ) isolated 0*12 per cent, of an essen- 
tial oil containing d-a-pinene { 30 per cent. ), 
geranyl acetate, and geranyl butyrate. 

Homoranthus oil from the leaves of the 
Australian shrub Homoranthus flavescens A. 
Cunn. ex Schau. is the only Australian oil 
containing ocimene, which is present to the 
extent of about 80 per cent. It is obtained 
in a yield of 0-35 to 0*82 per cent., and the 
earlier fractions have a powerful odour of 
bananas due to traces of the amyl esters of 
acetic and butyric acids. i-a-Pinene and 
a sesquiterpene are also present in the 
oU (Penfold, 1923. 7. roy. Soc. N.S.W., 

56 : 197 ). 

Calyptranihes paniculata Rniz & Pav. of 
Peru yields an essential oil containing 62*5 
per cent, of citral [ Schimmel & Co., 1904 
( April ). Rep. : p. 95 ]. 

In addition to the above, a number of 
foreign plants belonging. to the genera Kunt- 
zea, Angophora, Agonis, etc., have also been 
investigated from point of view of their 
essential oils. Further information on these 
will be found in books on essential oils and 
other literature. 

Little work has been done on the Indian 
myrtaceous plants, although they are known 
to contain essential oils. A systematic 
investigation of these is likely to yield useful 
results. 

From among the constituents of essential 
oils reported from plants of the family may 
be mention^ the following : — 

Paraffins 

Unsaturated Hydrocarbons — Myrcene 
and ocimene. 

Aromatic Hydrocarbons— ^-Cymene and 
naphthalene. 

Monocyclic Terpenes — y-Terpinene, phel- 
landrene (a-, and p-), /-limonene, and 
dipentene ( (tf-limonene ). 

Bicyclic Terpenes — Sabinene, a-pinene 
(d-, 7-, and f-), p-pinene, camphene, and 
lenchene. 

Bicyclic Sesquiterpenes — Cadinene, «- 
caryophyllene^ p-caryophyllene (i- and/-), 
and eud^smene. 

Unsaturated Aliphatic Alcohols — Citro- 
nenol (d-, and /-), geraniol, nerol, 
linalool, and nerolidol. 


Monocyclic Alcohols — Menthol, a-terpi- 
neol (/- and /-), piperitol, terpinenol-4, 
and fsopulegol. 

Bicyclic Alcohols — Myrtenol, pinocarveol 
fenchyl alcohol, and bomeol. 

Bicyclic Sesquiterpene Alcohol — Eu- 
desmol. 

Sesquiterpene Alcohols of Undeter- 
mined Constitution — Caryophyllol 
(CisHgeO ) and globulol ( CigH„0 ). 
Unnamed Sesquiterpene Alcohol 
(C»H„0). 

Other Alcohols of Undetermined Cons- 
titution — Darwinol ( CioHigO ). 

Phenols and Phenolic Ethers — Eugenol, 
methyleugenol, chavicol, />-/sopropylphenol 
(formerly australol), leptospermol, and 
other unnamed phenols and phenolic ethers. 
Aliphatic Aldehydes — Citronellal ( d- and 
/- ) and citral. 

Alicyclic Aldehydes — Phellandral 
{ ^ 10 ^ 16 ® ) ^Rd cryptal* ( C^gHj^gO ). 
Heterocyclic Aldehydes 
Monocyclic Ketones — Menthone and 
piperitone. 

Unidentified Ketones 

Acids and Esters — Palmitic acid, etc. 

Unidentified Lactone 

Oxide — Cineole ( eucalyptol ). 

1. BAECKEA Linn. 

(In honour of A. Baech , a physician to the 
King of Sweden.) 

This genus comprises 60 species of 
shrubs which are distributed from Australia 
to China. In India it is represented by one 
species, B. virgaia Andr., which has been 
introduced into the Nilgiris from Australia. 
Its members have narrow, pointed leaves 
with many pellucid glands, 5-merous axillary 
flowers, and a capsular fruit. Essential oils 
have been reported from the leaves of many 
species. 

The leaves of B. fruiescens Linn., a foreign 
shrub or a small tree, are used in some Pacific 
islands for the preparation of a refreshing 
herbal tea, which is given in fevers and in 
cases of lassitude. In Annam, the flowers 
are said to be used for making the herbal tea. 
In Indo-China, the leaves are kept among 
clothes as an insect repellant. They are 
reported to yield a p^e- 3 ^ 11 ow essentm oil 
with the of lavender (BurkiU, 1935. 
DicUonafy of Economic Produd^ of Meday 
Peninsula, 1 : 282 ). Its sp. gr.*’® is 0-883, 

♦ This is now loiown as /<i:ryptoiie (Penlold, .1949« 
Private communication ). 
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and it contains a stearoptene (Gildemeister & 
Hoffmann ). 

From among the constituents of essential 
oils isolated from the leaves or leaves and 
tender branches of other species of Baeckea 
may be mentioned : a- and |3-pinenes, 
cineole, sesquiterpenes and their alcohols, 
such as eudesmol, a crystalline stearoptene, 
cymene, phenols and their ethers, aldehydes, 
alcohols, and acids, such as tsobutyric, 
valeric and isovaleric, and their esters. 

Baeckea virgata Andr. 

( Australian May, Tea Tree of Australia ) 

This is usually a tall, erect, and loosely 
branched shrub with slender twigs. It 
attains a height of 10 to 12 ft., but is rarely 
low and diffuse. The leaves have numerous 
pellucid glands, which are raised on the 
lower side when dry. The flowers are small 
and arranged in umbels in the axils of upper 
leaves. This shrub is a native of Australia 
from Victoria to Queensland, and is intro- 
duced into the Nilgiris. 

The leaves and twigs of this plant, from 
Queensland, have been reported to yield on 
steam distillation about 1 per cent, of an essen- 
tial oil having the following characteristics : 
sp.gr.i5*«° 0-9021, [a] +18°, 1*4742, acid 

val. 1, and ester val. after acetylation 17. 
The oil contains about 50 to 60 per cent, 
^f-a-pinene, about 30 per cent, cineole and 
aromadendrene (^), a sesquiterpene alcohol 
( b.p. 105° to 107° at 4 to 5 mm.), 
and traces of an alcohol CioHj^O (b.p. 220°), 
presumably pinocarveol ( Jones & White, 
1935. Proc. toy. Soc, Qd., 42 : 49 ). 

2. CALLISTEMON R. Br. 

( From the Greek kallos — beauty, and siemon — a 
thread ; referring to the beautiful bottle-brush-like 
appearance of flower spike,) 

This genus comprises 12 Australian spe- 
cies ( bottle brushes ) of trees and shrubs, 
often with willowy foliage and small bright- 
red or crimson flowers which are grouped 
together in pendulous spikes ; the spikes 
resemble somewhat a bottle brush — hence 
the popular name. The axis of the inflor- 
escence grows on beyond the flowers and 
continues to produce leaves. The small 
dry fruits remain for a long time clustered 
round the branches far below the terminal 
leaves. In India it is represented by 8 
species, which are cultivated in gardens as 
ornamental flowering plants. 


The leaves of C. salignus Sweet, which is 
cultivated in Dehra Dun, Saharanpur, Cal- 
cutta, Bihar, etc., emit a myrtle-like odour, 
when bruised. The leaves of another intro- 
duced species, C. linearis DC., has also 
aromatic leaves. No essential oil appears 
to have been distilled from either of these 
plants. Of all the introduced species, only 
C. lanceolatus Sweet and C. viminaLis (Soland.) 
Cheel have been investigated from the point 
of view of essential oils, and these are des- 
cribed below in detail. 

1. Callistennion lanceolatus Sweet 
( Bottle Brush ) 

This is a small tree with rough greyish- 
brown bark, which is deeply cleft vertically 
into narrow ridges. The filaments of the 
stamens are about | in. long, deep crimson, 
and the anthers dark. It is a native of 
Australia, and is frequently cultivated in 
Indian gardens, as at Dehra Dun. 

The leaves and branches of Australian 
specimens are reported to yield, on steam 
distillation, 0*06 to 0*22 per cent, of an 
essential oil having the following character- 
istics : sp. gr. 0*889 and 0*907, [a] —0*52° 
and - 0*5°, n 1*4716 and 1*4668, ester val. 
(hot 1| hours) 9*1 and 5*5, and the same 
after acetylation 30*3. The oil so obtained 
contains cineole ( up to 53 per cent.), dipen- 
tene, limonene, x-terpineol, sesquiterpene, and 
phenol ( 0*5 per cent.). This oil, which is of 
pale lemon-yellow colour, has a pronounced 
odour of cineole, and is very similar to those 
obtained from the cineole group of the 
eucalypts. It is free from the objectionable 
volatile aldehydes and phellandrene, and 
would have been of considerable value as a 
medicinal oil, only if the yield were not so 
low ( 0*2 per cent.) in comparison with 2 to 
3 per cent, obtained from some of the species 
of Eucalyptus (Penfold, 1923. J, roy. Soc. 
N.S.W.,'^ 57 : 131 ). 

2. Gallistemon viminalis (Soland.) Cheel 
( Bottle Brush ) 

This is a small evergreen tree with linear- 
lanceolate leaves and crimson flowers in 
spikes. It is a native of Queensland and 
New South Wales, and is cultivated in Indian 
gardens, as at Dehra Dun. 

Penfold ( 1923. J. roy. Soc. N.SAV., .57 : 
131) obtained by steam distillation 0*2 
per cent, of an essential oil from the leaves 
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Fig. 45 — Callistemon lanceolatus Sweet 


and branches. This oil had the following 
characteristics : 


New South Wales Queensland 

OILS OILS 

1 2 12 

Sp«ci6c gravity 0-889 0-898 0*920 0-918 

Optical rotation -f-141^ +12-8° *0* ~V 

Refractive index 1-4077 1-4078 1-4609 1-4634 

Esterval. (hotlihr. ) 17 0 18-9 5-5 7-8 

Ester val. af^ 

acetylation 38-8 84*1 21-3 39-0 

^ . k . 70 per cent* 

Solubuity in 80 per 

cent. Acohol 1 in 8-8 1 in 6 t^^in 1 1 in 1-4 


Thfe main constituents of the oil from 
New South Wales were cineole ( about 30 
per cent.), rf-a-pinene, amyl alcohol, a 
sesquiterpene, and a phenol ( 2 per 
cent.). The Queensland oil contained cineole 
( 60 to 80 per cent.), dipentene, limonene, 
terpineol, a sesquiterpene, and a phenol 
{ 0*5 per cent.). 

This oil, like that from . C. lanceolatus 
Sweet, closely resembles those obtained 
from the cineole group of the eucalypts. 
It is free from the objectionable volatile 
aldehydes and phellandrene and, according 
to Penfold (loc, cit,), would have been 
of considerable value as a medicinal oil, 
were it not for the poor yield ( 0*2 per 
cent.). 


3. EUCALYPTUS L'H^rit.* 

( From the Greek eu — well, and kalypto — I 
cover ; in allusion to the operculum or lid which 
covers the calyx until the stamens are fully 
developed.) 

This is a large genus of over 500 species 
and 138 varieties of evergreen tall trees or 
dwarfed shrubs. Most of the trees are 
popularly called gum trees in Australia, 
although the gummy substance that exudes 
from tnem is not a gum but an astringent, 
tanniferous substance called kino which is 
used in the tanning of hides. This “ gum ** 
sometimes runs down the trunk in such 
quantities that the species are called blood- 
wo6d in consequence. The shrubs are 
known as mallees, and these have a bunchy 
growth of small stems springing from a 
root crown. Eucalypts are confined to 
Australia, Tasmania, New Guinea and other 
neighbouring islands, where they provide 
characteristic features to the scenery. In 
their natural habitat they are distributed 
widely over the continent of Australia from 
the sandy regions of low rainfall where 
mallees abound to the coast and mountain 
regions where the tall, luxuriant trees attain 
gigantic dimensions. In fact, they probably 
constitute three fourths of the whole vegeta- 
tion of that continent. 

Eucalypts are of great economic impor- 
tance from the point of view of timber,^ 
essential oils and tannins, and variou^ 

* We are grateful to Mr. A. R. Penfdld, Director, 
and his colleagues of the Museum of Technology 
and Applied Science, Sydney, for reading the 
manuscript on eucalypts and making useful 
suggestions. 
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species have been brought into cultivation 
all the world over, particularly on account 
of their beauty. All the species introduced 
into India have the tree habit, and many 
of them grow quite tall. 

The species of Eucalyptus are difficult of 
identification, and consequently there is a 
difference of opinion with regard to their 
number. All the species are more or less 
aromatic and contain oil glands in the rigid 
leaves. The leaves on young plants and 
young coppice shoots are generally larger, 
opposite, sessile and horizontal, and are 
often of a different shape from the normal 
leaves of the adult trees ; the latter are 
usually alternate, petiolate, lance-shaped, 
curved like a sickle, and hang vertically. 
The veins of leaves are characteristic, two 
of them called intramarginal veins being 
present in most of the species running along 
the margin, slightly removed from it. The 
nature of the lateral veins springing from 
the midrib is characteristic, and it has been 
found to be an indication of the constituents 
of the oil in a general way. For example, 
an obtuse feather-like venation is indicative 
of pinene as the principal constituent and 
of low yield, as in E, corymbosa Sm, ; a lateral 
venation with a marginal vein represents a 
slightly higher yield with cineole and pinene 
as constituents, as in E. globulus Labi 11., 
etc. Such a generalization has been of some 
practical utility. The bark is variable in its 
nature and texture, being either rough, 
stringy, furrowed or smooth ; it often 
peels off in large flakes. The character of 
the bark is often helpful in distinguishing 
the species. 

Eucalypts are remarkable for their rapid 
growth. Some of the species reach a gigantic 
size, and are among the tallest trees in the 
world, specimens of the blue gum (£. globulus 
Labill.), karri (E, diversicolor F. Muell.), 
woolly butt (E. fnarginata Sm.), stringybark 
(£. obliqua L'H^rit.), and peppermint gum 
(£. regnans F. Muell., formerly included 
under £. amygdalina Labill.) having been 
stated to reach a height of over 400 ft. They 
have been supposed to be useful if planted 
in malarial regions, and this is one of the 
reasons for their introduction into many 
countries. Investigations in this respect, 
however, apqpear to show that the only 
beneficial influence is the removal of some 
excess water by transpiration of moisture 
from the leaf surface and a limited antasth- 
midic action due to escape of cineol[e] into 
the afr and its cotiverdon into ozone*' 


( Webster* s New International Dictionary, 
1927, p. 755 ). 

This Australian genus presents a series of 
woods whose variety in terms of physical 
properties and qualities is probably un- 
equalled in a single genus elsewhere in the 
world. Among the species which yield 
commercial timber may be mentioned : 
E. longifolia Link & Otto ( woolly butt ), 
E. maculata Hook. ( spotted gum ), E. margin 
nata Sm. (jarrah), E. microcorys F. Muell. 
(tallow-wood), E. paniculata Sm. (white 
ironbark ), E. patens Benth. ( bl^kbutt ), 
E. pilularis Sm. ( blackbutt ), E. rtsinifera 
Sm. ( Australian red mahogany ) and E. 
salubris F. Muell. ( gimlet gum ). 

E. gunnii Hook. /., called cider gum in 
Tasmania, 5 delds a refreshing drink from 
wounds made in the bark in the spring. 

Another important product is the euca- 
lyptus oil.* The oils obtained from different 
species are generally grouped into {i) phar- 
maceutical or medicinal oils ( sometimes 
called cineole oils from the name of the 
principal constituent ), (ii) industrial oils 
( sometimes called phellandrene oils from the 
name of the principal constituent ), and 
{Hi) perfumery oils. These oils and their 
ingredients have been applied in many ways. 

The original uses of eucalyptus oUs were 
medicinal, and the first to be used for this 
purpose was E. piperita Sm. ( Sydney pepper- 
mint ). The oil from this species was found 
to be efficacious against colicky pains (White ; 
vide Penfold, 1935. Aust, J, Pharm. : p. 29 ). 
Later on several other species, such as 

E. globulus Labill. ( blue gum ), E. oleosa 

F. Muell. ( red mallee, water mallee ), and 
E, cneorifolia DC. ( narrow-leaved mallee ), 
appear to have been distilled for commerci^ 
purposes in the early eighties of the last 
century. At one time E. globulus was the 
favourite with E. amygdalina Labill. ( black 
peppermint ) a good second. According 
to Penfold ( loc. cit,), the former has since 
received much greater attention than any 
other species of Eucalyptus, In India, too, 
although quite a large number of eucalypts 

♦ The term eucalyptus oil is rather vague, and 
has no precise meaning. Although it is often 
supposed to be a standard material consisting 
mostly or wholly of cineole ( eucalyptol ). the 
odour of which is familiar to most people who have 
used it as a cure for cold or influenea, various 
species have their own distinctive oils. Each of 
these oils is a complex mixture of various consti- 
tuents, and their odours cover a wide range, includ- 
ing turpentine, cineole, peppermint, femon, and 
geranium as dominant notes. 
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have been introduced from as early as 
1843, chiefly on the Nilgiris, it is only from 
E, globulus that the oil is distilled for com- 
mercial puiposes. Indeed, this is the only 
^cies which has been planted largely. 
This industry is, however, confined to the 
Nilgiris where the eucalypts, chiefly E, 
globidus, cover an area of about 2,550 acres 
and about 22,000 gallons of the oil are 
produced annually ( Anon., 1940. Indian 
J, Pharm, : p. 183 ). 

So far as the eucalyptus oil industry of 
Australia is concerned, the position has 
completely changed. Practically all the 
above-mentioned species, except E, cneori- 
folia, have been superseded by those giving 
larger yields of oil. The investigations of 
Baker & Smith ( 1920. A Research on 
the Eucalypts and their Essential Oils ) have 
shown that other species, such as E, poly- 
bractea R. T. Baker ( blue mallee ), £*. aus- 
traliana R. T. Baker & H. G. Smith ( black 
peppermint ), E, pheUandra R. T. Baker & 
H. G. Smith ( narrow-leaved peppermint ), 
etc., give higher yields of oil of equal or 
better quality. It is from these species, 
therefore, that the present-day eucalyptus 
oils of commerce are won in Australia, and 
not from species like E, globulus. 

Out of over 500 species and 138 varieties 
of Eucalyptus, about 180 types, including 
varieties, have so far been investigated for 
essential oils. Among these, less than 20 
are being exploited at the present day for 
obtaining eucalyptus oils of commerce in 
Australia. The following is a list of these 
( Penfold, 1935, Aust, J, Pharm. : p. 29 ; 
Penfold & Morrison, 1944. Commercial 
Eucalyptus Oils. Bull, tech. Mus,, Sydney, 
No. 2: p. 1-36). 

The average yield of oil furnished by the 
mature leaves and terminal branchlets ranges 
from about 3*5 per cent; in E, australiana and 
E. pheUandra to 0*6 per cent, in E, corymbosa, 
and dwindles to mere traces in still poorer 
species. The occurrence of physiological 
forms in many species is, however, of consi- 
derable economic importance. This matter 
has been dealt with by Penfold ( 1935. 
Aust. J. Pharm. : February, 28 ). Writing 
about E. dives he states, ‘'The observation 
was made of two trees growing together, 
indistinguishable from one another by both 
botanist and bushmen, but each containing 
a different essential oil..,. It was therefore 
apparent that several varieties or forms of 
EucUyptus dives existed distinguishable only 
by chemical means.'* Chemically speaking, 


Name 


Medicinal Oils 

E. ixilybractea R. T. Baker ( blue mallee ) 

E. australiana R. T. Baker & H. G. Smith 
( black peppermint ) 

£. dives Schau., var. VC” ( broad-leaved 
peppermint ) 

E. elaeophora F. Muell. 

( applejack ) in admixture 

£. sideroxylon A. Cunn. I known as 

{ red flowering ironbark ) [ applejack 
£. leucoxylon F. Muell. and ironbark 

( white gum ) j 

E. cneorifolia I>C. ( narrow-leaved mallee ) 
£. viridis R. T. Baker ( green mallee ) 

E. dumosa A. Cunn. ex Schau. ( bull mallee ) 
£. dives Schau., type ( broad-leaved pepper- 
mint ) 


Principal 

CONSTITUENTS 

% 

Cineole 80 to 85 
Cineole 70 to 75 
Cineole 70 to 75 


Cineole 70 to 75 


Cineole 70 
Cineole 70 to 80 
Cineole 70 

Piperitone 40 
to 60 and 
phellandrene 
40 


Industrial Oils 

E. phellandra R. T. Baker & H. G. Smith 

( narrow-leaved peppermint ) Phellandrene and 

cineole 

E. dives Schau., var. “A” ( broad-leaved 

peppermint ) Phellandrene 

E. numerosa Maiden ( whitetop, river white 

gum ) Phellandrene and 

piperitol 

E. numerosa Maiden, var. “A” ( whitetop, 

river white gum ) Piperitone and 

phellandrene 


Perfumery Oils 

E. macarthuri Deane & Maiden ( Paddy’s 
river box ) Geranyl acetate, 

geraniol, and 
eudesmol 

E. citriodora Hook. ( lemon-scented gum ) Citronellal 


the difference lay in the proportion of 
piperitone, phellandrene, and cineole content. 
The type species contained 46 to 53 per cent, 
piperitone and about 40 per cent, phellan- 
drene, whereas “ form A " had 5 per cent, 
piperitone and 75 to 80 per cent, phellan- 
drene, “ form B “ 10 to 20 per cent, piperi- 
tone, 25 to 45 per cent, cineole, and a fair 
amount of phellandrene, and “ form C *' 
less than 5 per cent, piperitone, 60 to 70 
per cent, cineole, and no phellandrene. 
Similar physiological forms have been des- 
cribed in many other species. Recently, 
the discovery of a form of E. macarthuri, 
which yields a high percentage of essential 
oil, has been the object of much comment 
in the press. The reference in the lay press 
that this strain yields ten times more oil 
than the type is incorrect ( Penfold, 1949. 
Private communicaiion ), but the seedlings 
have been raised from this high-yielding 
strain for further study [ Division of Wo(^ 
Technology, Forestry Commission of N.S.W., 
January, February, March, 1948, 3 ( 1, 2, 3 ) : 
10 ]. 

The work of Carter & Read ( 1925. J. Soc. 
chem. Ind., Lond., 44 : 52ST ), however, 
indicates that the oil from different species 
contains a certain selection of the chemical 
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constituents in fairly definite proportions 
and is thus distinctive for the species. Their 
results also indicate that, although eucalyptus 
oil derived from the same species cultivated 
outside its natural Australian habitat may 
show appreciable difference in physical 
constants, it nevertheless contains sensibly 
identical amounts of the main components 
of commercial value. In view of the findings 
of Penfold ( loc, cit,) about the existence of 
physiological forms, the conclusion of Car- 
ter & Read must be understood to mean that 
the composition of the leaf oils appears to 
remain unchanged, not within the range of 
a species, but of the same physiological 
forms, outside their natural habitat. This 
is important for those interested in the 
introduction of commercial species in various 
countries. The examples of oils from E, glo- 
bulus and E, citriodora cultivated in different 
parts of the world confirm this view. 

Introduction into and cultivation in India — 
It is probable that the earliest attempts to 
grow eucalypts in India were those made in 
the Nilgiris in 1843, when E. globulus was 
planted at Ootacamund. This was mainly 
with the object of finding some species which 
could be cultivated there for the supply of 
fuel. A large number of other species have 
since been tried all over India, both on the 
hills and in the plains. According to Troup 
(1921. Silviculture of Indian Trees), some 
species or other has been found which is 
suitable for almost any climate in India with 
the possible exception of {a) very moist 
tropical regions, where the seedlings damp 
oft in spite of all precautions, and (b) eleva- 
tions above the winter snowline, where 
snowbreak is to be feared. The experimental 
data so far collected indicate that, for low 
elevations in India, species from the tropical 
and warm parts of Queensland and adjacent 
northern regions are suitable, whereas those 
from Tasmania and the southern parts of 
Australia are likely to be successful at higher 
elevations. 

A good deal of attention has hitherto been 
paid to the cultivation of eucalypts in 
India, but in spite of this there has been 
much confusion. In this connection it must 
be emphasized that, for the correct identifica- 
tion of eucalypts, complete botanical speci- 
mens should ordinarily include primordial 
as well as adult leaves, flowers, fruits, and 
bark. Since these are not available at one 
time, sufficient care should be taken to ensure 
that the specimens are collected from the 
same tree. 


As elsewhere in the world, the close 
resemblance of a number of ecualypts 
has been the cause of much error in the 
identification of various species introduced 
into India. It is, therefore, feared that 
information on their cultivation might not 
be as accurate as desirable. Subject to this 
doubt, the following is the list of the species 
so far cultivated in India. The places where 
they have been cultivated and the amount 
of success achieved are also briefly given : — 

1. E, acmenioides Schau. (white maho- 
gany). A fairly tail, straight-growing 
tree. A few specimens in the Nilgiris ; 
being tried in the plains of N. India, 
but appears not likely to succeed. 

2. E, alpina Lindl. A stunted tree or 
shrub. 

3. E, amygdalina Labill. (black peppermint). 
A small to large tree. Not a success in 
the plains of N. India ; does well at 
5,000 ft. in Simla Hills. 

4. E, andrewsi Maiden ( New England 
peppermint). A tall tree. 

5. E. baileyana F. Muell. ( rough stringy- 
bark ). A large tree. 

6. E. bicolor A. Cunn. ex Hook. ( red box ). 
A small to moderately tall tree. Doing 
well in Simla Hills at 4,000 ft. Does 
not grow well in plains with heavy 
rainf^ ; doing well in Delhi on well- 
drained sandy soil. 

7. E. bosistoana F. Muell. ( ribbon box ). 
A tall tree. Has grown slowly during 
early years in plains of N. India. 

8. E. botryoides Sm. ( bastard mahogany, 
bangalay ). A medium-sized to large 
tree. Grows fairly well in the Nilgiris ; 
not succeeded in the Andaman man- 
groves ; establishes well in Dehra Dun. 

9. E. calophylla R. Br. ( red gum ). A 
moderate-sized to large tree. Grows in 
the Nilgiris ; not promising below Simla 
Hills ; failed in plains of N. India. 

10. E. capitellata Sm. ( brown stringybark ). 
A moderate-sized to tall tree. Grown 
to a limited extent in the Nilgiris ; suc- 
cessful in plains of N. India. 

11. £*. cinerea F. Muell. ex Benth. ( Argyle 
apple ). A moderate-sized tree, .not 
promising in plains of N. India ; some 
trees are growing in the Nilgiris. 

12. E, citriodora Hook. ( citron-scented gum, 
lemon-scented gum ). A tall tree. Much 
planted in the plains of N. India and in 
the submontane tract ; not capable of 
resisting severe frost or excessive drought. 
Grown to some extent in the Nilgiris and 
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Fig. 46 — Eucalyptus citriodora Hook. 


in Mercara in Coorg, where it is one of 17. E, corymbosa Sm. ( blood wood ). A 
the most promising species so far tried. fairly tall tree. Grows moderately well 

13. E, dadocalyx F. Muell. ; syn. E. coryno- in Simla Hills above 6,000 ft. ; failed 

calyx F. Muell. (sugar gum). A shrub in plains of N. India. 

or a tree, not successful in Simla Hills E, corynocalyx F. Muell. ; see E. dado- 

and plains of N. India, calyx F. Muell. 

14. E, coccifera Hook. /. A small tree, un- 18. E, crebra F. Muell. ( narrow-leaved 

successful in plains of N. India. ironbark ). A moderate-sized to large 

15. E. coriacea A. Gunn, ex Schau. ; syn. tree. Grown to a limited extent in the 

E. paudflora Sieb. ex Spreng. ( white Nilgiris ; done moderately well in Simla 

gum, scribbly gum). A moderate- Hilk from 4,000 ft. upwards ; occasion- 

sized tree. Grows moderately well in ally groWti in plains of N. India with 

Simla Hills at 4,000 to 6,000 ft. ; failed variable success ; proved successful in 

in plains of N. India. Dehra Dun. 

16. E. cormla Labill. (yate gum). A 19. E. dealbala A. Gunn, ex Schau. (white 

ipoderate-sized to larg^ tree. Failed in gum, mountain gum ). A fair-sized tree 

plains of N, India ; likely to do wdl at often seen in Kumaon at 5,000 to 6,000 

4,000 ft. ' ft. ; does not thrive in the i^iams. 
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20. J?. deanei Maiden. A large tree, not 
successful in plains of N. India ; worth 
trying again. 

21. E, deglupta Blume. Grows fairly well 
at Dehra Dun, but is slightly affected 
by severe frost. 

22. £. ddegatensis R. T. Baker ( silver-top- 
ped mountain ash, white ash ). A tall 
tree. 

23. E, diversicolor F. Muell. ( karri ). A very 
large tree, failed in plains of N. India. 

24. E, dives Schau. ( peppennint, broad- 
leaved peppermint ). A moderate-sized 
tree. Shown little promise in plains of 
N. India. 

25. E, drepanophylla F. Muell. ex Benth. 
Has done well in Kangra district, 
Lachiwala, and Dehra Dun ; unaffected 
by monsoon. 

26. £*. daeophora F. Muell. ( bundy, half 

box ). A small to moderate-sized tree. 
Failed in plains of N. India ; does well 
in Simla Hills at about 5,000 ft., but 
becomes crooked and is easily damaged 
by snow. 

27. F. eugenioides Sieb. ex Spreng. ( white 

stringybark ). A moderate-sized to 
fairly tall tree. Failed in plains of 

N. India. In Simla Hills sensitive to 
frost, but likely to do well between 

4,000 and 5,000 ft. 

28. E, eximia Schau. ( white or yellow blood- 
wood ). A small to moderate-sized tree. 
Bone well in Simla Hills below 6,000 ft. ; 
failed in plains of N. India. 

29. E, ficifolia F. Muell. ( red flowering 
gum ). A small bushy tree, extensively 
grown in the Nilgiris ; failed in plains of 
N. India. 

30. F. foecunda Schau, A shrub or small 
tree, occasionally grown in the Nilgiris ; 
does not thrive in plains of N. India. 

31. F. globulus Labill. (blue gum). A 
very tall tree. Succeeded at or above 

4,000 ft. in Simla Hills, Abbottabad, 
Kumaon, Darjeeling, and Shillong. Best 
results obtained in the Nilgiris where it 
is planted extensively. Liable to break- 
age where snowfall is heavy. 

32. E. gomphocephala DC. ( tuart ). A mode- 
rate-sized to fairly tall tree. Does not 
thrive in plains of N. India and in Simla 
Hills. 

33. E, goniocalyx F. Muell. ( mountain gum ). 
A large fast-growing tree. Succeeded 
moderately well in Simla Hills between 

4,000 to 5,000 ft.; failed in plains of 
N. India. 


34. E. gunnii Hook. /. ( swamp gum, cider 
gum ). A small or moderate-sized tree 
cultivated in the Nilgiris ; failed in 
plains of N. India ; does well at 4,000 to 

6.000 ft. in Simla Hills. 

35. E, haetmstoma Sm. ( scribbly gum, 
white gum ). A small or moderate- 
sized tree, tried without success in the 
plains of N. India. 

36. E. hemiphloia F. Muell. { grey box, white 
box ). A fairly large tree. Grows fair- 
ly well in plains of N. In4ia ; may 
succeed up to 4,000 ft. in hills 

37. F. leucoxylon F. Muell. ( Victonan iron- 
bark, white gum ). A moderate-sized 
tree grown in the Nilgiris where it 
attains only a small size ; grows mode- 
rately well in Simla Hills at 5,000 ft., 
but probably will fare better at 2,000 to 

4.000 ft. 

38. F. linearis Dehnh. ( white peppermint ). 
A small tree growing fairly well at about 

5.000 ft. in the Himalayas ; suffers from 
frost and snow at higher elevations. 

39. F. longifolia Link & Otto ( woolly butt ). 
A large tree grown in the Nilgiris ; done 
well in Simla Hills at 4,000 to 5,000 ft., 
but not suitable for plains. 

40. F. macarthuri Deane & Maiden ( Paddy's 
river box, Camden woolly butt ). A 
moderate-sized tree tried without success 
in plains of N. India. 

41. F. macrandra F. Muell. ex Benth. A 
shrub or small tree, tried in plains of 
N. India but has not shown much 
promise. 

42. F. macrocarpa Hook. A large orna- 
mental shrub which has not shown much 
promise in plains of N. India. 

43. F. macrorhyncha F. Muell. ( red stringy- 
bark, Victorian stringybark ). A mode- 
rate-sized tree grown in the Nilgiris ; 
unsuccessful in Simla Hills and in plains 
of N. India, but further trials at about 

5,000 ft. may be successful. 

44. F. maideni F. Muell. ( blue gum ). A 
tall, straight tree which has done well 
in Simla Hills between 4,000 to 7,000 ft., 
but failed at lower elevations. It is 
frost-hardy. 

45. F. marginata Sm. (jarrah). A large 
tree tried in several places, but has not 
so far established anywhere, 

46. F. melanophloia F. Muell. ( silver-leaved 
ironbark). A small to moderate-sized 
tree which has done well in the plains of 
N. India and appears to be very drought- 
resistant. 
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Fig. 47 — Eucalyptus globulus Labill. 


47. E, melliodora A. Cunn. ex R. T. Baker & 
H. G. Smith (yellow box). A mode- 
rate-sized tree ; done fairly well below 
6,000 ft. in Simla Hills and in plains of 
N. India. 

48. E. microcorys F. Muell. ( tallow-wood ). 
A large tree grown to a small extent in 
the Nilgiris ; done moderately well in 
Simla Hills below 4,000 ft., and proved 
successful in early stages at Saharanpur 
in the plains. 

49. £. microtheca F. Muell. ( coolabah, tan- 
goon). A small to moderate-sized tree 
tried with success in plains of N. India ; 
appears drought-resistant, but does best 
with isubsoil moisture. 

50. F. miniata A. Cunn. ex Schau. A very 
ornamental tree with red flowers. Said 
to be growing in the Nilgiris. 


51. F. muelleriana Howitt ( yellow stringy- 
bark ). A moderate-sized to large tree ; 
not shown any promise in Simla Hills 
and in plains of N. India. 

52. E, obliqua V Herit. ( stringybark, mess- 
mate ). A very tall straight tree which, 
after F. globulus, is one of the commonest 
species in the Nilgiris ; failed at Saugor 
in the Central Provinces, in Simla Hills 
and in plains of N. India. 

53. E, occidentalis Endl. A moderate-sized 
tree, attaining fairly large dimensions 
in favourable localities, but often little 
more than a shrub. Tried in plains of 
N. India, but not promising. 

54. E. ovata Labill. A small to moderate- 
sized tree ; done moderately well in 
Simla Hills from 4,000 to 6,000 ft., but 
failed in plains. 
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55. E. paniculata Sm. ( white ironbark ). 
A moderate-sized to large tree grown 
successfully to a limited extent in the 
Nilgiris, Simla Hills below 4,000 ft., at 
Saharanpur, and in Changa Manga 
irrigated plantation in the Punjab. 

56. E, patentinervis R. T. Baker ( half 
rnahogany). A good sized tree grow- 
ing fairly well in the Punjab plains. 

E. pauci flora Sieb. ex Spreng. ; see 
E, coriacea A. Cunn. ex Schau. 

57. E. pilularis Sm. ( blackbutt ). A large 
tree. Grown sparingly in the Nilgiris ; 
has done well in earlier stages at Mercara 
in Coorg. Grows well in Simla Hills at 
about 5,000 ft., but not a success in 
plains. 

58. E, piperita Sm. ( Sydney peppermint ). 
A small or moderate-sized tree not 
successful in Simla Hills and in the plains 
of N. India. 

59. E. planchoniana F. Muell. ( stringybark ). 
A small to moderate-sized tree not 
successful in Simla Hills above 4,000 ft. 

60. F. platypus Hook. A small tree un- 
successful in plains. 

61. £. polyanthemos Schau. (red box), 
A small to moderate-sized tree. Success- 
fully grown at 4,000 ft. in Simla Hills ; 
moderately successful in plains. 

62. E. populifolia Hook. ( bimbil box, poplar- 
leaved box ). A small tree which grows 
slowly in plains of N. India. 

63. propinqua Deane & Maiden* (grey 
gum of the north coast, New South 
Wales ). A large tree showing promise 
in plains of India. 

64. E. ptychocarpa F. Muell. A moderate- 
sized ornamental tree with red flowers. 
Grown to a small extent in the Nilgiris. 

65. E, pulverulenta Sims. A tall shrub or 
a small scraggy tree. Grown to a small 
extent in the Nilgiris. 

66. E. punctata DC. (grey gum). A small 
to moderate-sized tree doing well in 
Simla Hills at lower elevations. Grows 
well at Dehra Dun. Successful in early 
stages at Mercara, Coorg. Fairly success- 
ful in plains, but does not appear suitable 
for very hot localities. 

67. E, redunca Schau. ( white gum ). Shrub 
or a small tree grown on a small scale in 

♦ Eucalyptus propinqua was described by Dean 
^ Maiden in Proc, linn, Soc. N.S.W. ser. 2, 10; 
1895 : p. 541, tab. 43, but it has not so far been 
included in Index Kewensis, The Kew authorities, 
whose attention has been drawn to this omission, 
inform us that it will now be included in the eleventh 
Supplement. 


the Nilgiris. Not successful at lower 
elevations in hills of N. India. 

68. E. regnans F. Muell. ( mountain ash, 
giant gum ). A very large tree. Suc- 
ceeded well in Simla Hills at 4,000 ft. on 
good soil, being the only species other 
than E, coriacea that withstands snow ; 
failed in plains. 

69. E. resinifera Sm. ( Australian red maho- 
gany ). A large tree. A few specimens 
exist in the Nilgiris. Moderately suc- 
cessful below 4,000 ft. in Simla Hills, but 
failed in plains. 

70. E, rohusta Sm. ( swamp maL >gany ). 
A moderate-sized to large tree of which 
there are a few specimens in the Nilgiris. 
Grown in various parts of the plains 
of N. India and in the Sub-Himalayan 
tract. Succeeds only in moist situations. 
Failed in mangrove swamps in the 
Andamans. 

71. E, rostrata Schlecht. ( Murray red gum ). 
A tall tree successfully tried in Simla 
Hills up to 5,000 ft. ; grows well in the 
plains, particularly where subsoil water 
is not too deep. 

72. E, rubida Deane & Maiden ( candle- 
bark ). A moderate-sized tree. Not 
shown any promise in plains of 
N. India. 

73. E, rudis Endl. (flooded gum, swamp 
gum ) . A small to moderate-sized tree 
proved fairly successful in Simla Hills 
below 6,000 ft. Grows rapidly in early 
years in plains of N. India and in the 
Sub-Himalayan tract, even on saline 
soil. Thrives on swampy ground, also 
in comparatively dry land ; best results 
under irrigation or where subsoil water 
level is near the surface. 

74. E. saligna Sm. ( Sydney blue gum ). 
A large tree grown in the Nilgiris. Done 
moderately well in Simla Hills well above 
4,000 ft. Grown successfully to small 
extent in plains of N. India. 

IS, E. salmonophloia F. Muell. ( salmon- 
coloured gum ). A moderate-sized to 
fairly large tree. Tried in Simla Hills 
without definite results. Not promising 
in plains. 

76. E, saluhris F. Muell. ( gimlet gum ). 
A rather small tree, not successful in 
plains. 

77. E, siderophloia Benth. ( Sydney iron- 
bark ). A moderate-sized tree growing 
fairly well in the Nilgiris. Occasional 
trees in plains of N. Indi^., but not 
succeeded everywhere. 
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78. E. sidetoxylon A. Cunn. ( red flowering 
ironbark). A moderate-sized to large 
tree. Done well in Kumaon Hills. 
Grown at Abbottabad where it survives 
frost. Done moderately well in Simla 
Hills between 4,000 and 6,000 ft. Not 
suitable for plains. 

79. E, sieberiana F. Muell. ( mountain ash ). 
A large tree grown to some extent in 
the Nflgiris. Appears promising in Simla 
Hills between 5,000 and 6,000 ft. 

80. £. smithii R. T. Baker ( gully ash, white 
ironbark, whitetop). A moderate-sized 
to large tree tried in plains of N. India 
but not shown promise. 

81. E, steUulata Sieb. ex DC. (lead gum, 
black sally). A moderate-sized tree. 

82. E. stricia Sieb. ex Spreng. A shrubby 
species which has not shown promise 
in plains of N. India. 

83. E, stuartiana F. Muell. ex Miq. ( apple 
box ). A moderate-sized tree grown 
in the Nilgiris. Done moderately well 
in Simla Hills, particularly between 

6.000 to 8,000 ft., but has failed in the 
plains. 

84. E. tereticornis Sm. ( forest red gum ). 
A tall tree grown in many parts of 
India. In Simla Hills done well below 

4.000 ft. and moderately well from 

4,000 to 6,000 ft. Successful in the 
Sub-Himalayan tract. One of the best 
species in the plains of N. India. Fairly 
successful in the Nilgiris. 

85. E. torrelliana F. Muell. An ornamental 
tree. Has shown good growth in 
Dehra Dun. 

86. E, trachyphloia F. Muell. ( blood wood). 
A tall tree. Tried in plains of N. India, 
but has not shown much promise. 

87. E. umbra R. T. Baker ( stringybark, 
white mahogany). A moderate-sized 
to fairly tall tree tried without success 
in N. India. 

88. £. urnigera Hook. /. ( urn gum ). A 
small to moderate-sized tree quite suc- 
cessful in plains of N. India. 

89. E. viminalis Labill. ( manna gum ). 
A large tree. Likely to be one of the 
best species for Simla Hills on good 
soils between 5,000 to 6,000 ft. ; un- 
successful in plains. 

90. £. vifgata Sieb. ex DC. A moderate- 
sized tree \rfiich has been tried without 
success in plains of N. India. 

It will thus be seen that of the thirteen 

species from which the present-day commer- 
cial oils of eucalypts are won in Australia, 


only £. citriodora^ E, dives, E. daeophora, 
£. leucoxylon, E, macarthuri, and E. side- 
roxylon have been tried in India. Of these, 
E. dtriodora grows well in the plains of N. 
India and submontane tract and in Coorg ; 
E. dives appears unlikely to thrive in the 
plains of India ; E, elaeophora does mode- 
rately well in Simla Hills, but has failed in 
the plains of N. India ; E. leucoxylon grows 
in the Nilgiris and does moderately well in 
Simla Hills at 5,000 ft. ; E. macarthuri has 
been tried without success in the plains of 
N. India ; and F. sidetoxylon has thrived in 
Kumaon Hills and at Abbottabad and Dehra 
Dun, although it has not done well in the 
plains. All these are trees ( and not mallees ) 
which do not appear to have attracted any 
serious attention in India from the point 
of view of the valuable essential oil, and 
only casual efforts have hitherto been made 
to cultivate them. If they have not been 
successfully cultivated at one place no 
attempts have been made to try them 
at other places. Nor has there been any 
serious attempt to augment their cultivation 
where they have thrived. So far as the 
essential oil is concerned, attention has 
only been paid to E. globulus, a species the 
exploitation of which has receded even in 
its own home. 

Opinion has been divided in connection 
with the extension of cultivation of eucalypts 
in India. According to Troup {loc, cii,), 
some urge the great utility of these trees 
in supplying fast-growing timber and fuel, 
essential oils, tannins, and other products. 
Others are of the opinion that the extension 
of eucalyptus cultivation in India has gone 
far enough, that the trees are monotonous, 
and that in regions where they are capable 
of growing it is possible to grow indigenous 
species which yield better timber and are 
superior in every way except in so far as 
rapidity of growth is concerned. There is 
something to be said on both sides. It is 
true that as timber trees the eucaljqjts have 
not come up to expectation in India, even 
after a century of trial. On the other hand, 
where large supplies of quick-growing and, 
therefore, cheap fuel are required, it might 
be profitable to raise eucalyptus plantations 
provided the locality is favourable for its 
growth. 

Troup concludes, ''Provided, therefore, 
the extension of eucalyptus cultivation in 
India is restricted to cases where it is likely 
to be of distinct advantage, and does not 
involve the clearing of valuable indigenous 
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Sl. Species 

% OIL 

Specific 

Congeal- 

Optical 

Refrac- 

Principal 

Other R/W 

No. 


GRAVITY**® 

ing POINT 

ROTATION 

tive 

constituents 

constituents coeffi- 






INDEX**® 


( after Baker & cient 








Smith ) 




Medicinal Oils 



1 E. polyhractea 

1 - 5 to 

0 *0225 to 

— 6® to 

+0*5® to 

1*4584 to 

Cineole 80 to 85% 

Pinene, aromaden- 6 

2 6 

0*9267 

-10® 

-fl*86° 

1*4613 

dral*, alcoholic bodies, 
sesquiterpene 



2 E. ausiraliana 

3 to 3*5 

0 *9172 to 

- 15® to 

-1-1° to 

1*4632 to 

Cineole 70 to 75% 

Terpineol, geraniol, 6 



0*020 

-17® 

-f3*6® 

1*4644 

( phellandrene 

pinene, piperitone. 







absent ) 

citral, parafhn 

8 E. dives var. “C” 

2 to 4 

0*917 to 

-12® to 

Up to 

1*4609 to 

Cineole 70 to 75% 

ot -Terpineol and 



0*922 

-16° 

-f 4° 

1*4640 


citral 

4 Mixture of 

0-8 

0 *9143 to 

— 11° to 

-f0*6° to 

1*4612 to 

Cineole 70 to 75% 

Pinene, sesquiterpene, 

E. elaeophora 


0 9224 

-18° 

+ 1“ 

1*4624 

( phellandrene 

small amounts of 

E, sideroxylon 

E. leucoxylon 






absent ) 

aldehydes, etc. 

5 E, cneorijolia 

2 

0 *0152 to 


-1 35° to 

1 * 4654 to 

Cineole 70% 

Pinene, aromader < 7*5 


0*0335 


-3*8® 

1.4681 


ral*, alcoholic Ik* es 

6 E. viridis 

1 

0*926 

-9® 

-f0*88® 

1*4632 

Cineole 70 to 80®', 

Pinene, arornaden- 

7 E. dumosa 

1 

0 9187 

-18° 

+ 6*6® 

1*4620 

Cineole 60 to 70% 

dral*, sesquiterpene 

Pinene and 






aromadendral* 

8 E. dives { type ) 

2 to 4 

0*8802 to 


-68° to 

1*4784 to 

/- Pi peri tone 40 to .50%, Some alcoholic bodies, 8 


0*9063 


-78® 

1*4806 

/-a-phcllandrene 40% 

and sesquiterpene, 
cymene, and 
origanene 






Industrial 

Oilst 



9 E. pheUandra 

3 to 4 3 

0*902 to 


-12° to 

1 * 4660 to 

/-a-Phellandrene, 

Pinene, eudesmol, 6 


0*905 


-28° 

1*4695 

cineole 20 to 50 ®^ 

terpineol, 

geraniol 

Piperitol and 

10 E. dives var. "A” 

2 to 4 

0 *8630 to 


-44° to 

1*47.59 to 

f-flt-Phellandrene 60 



0*8772 


-66° 

1*4792 

to 80®^, f-piperitone 
6 to 15®/o 

sesquiterpenes 

11 £. numerosa 

2-3 to 3 

0 *8904 to 


1 

0 

0 

1*4755 to 

Mainly /-K-phellan- 

Piperitol, esters, 10 



0*8048 


-35° 

1*4786 

drene 

f-Piperitone ,50%, 

sesquiterpene, 

piperitone 

12 £. numerosa var. 

3 to 3 • 5 

0*901 to 


0 

1 

1*4790 to 


“A” 


0*010 


-66° 

1*4820 

/•a-phellandrene 40% 






Perfumery Oils 



13 E. macarthuri 

0 2 

0 *92,38 to 


+ 1*6° to 

1*4704 to 

Geranyl acetate 67 

Pinene 1 


sometimes 

0 9292 


+ 3*1° 

1*4744 

to 73%, geraniol 3 



0'5 




to 7%, eudesmol 15 
to 17% 



14 E. citriodora 

0 -7 to 

0 *8658 to 


-0*2 to 

1*4621 to 

Citronellal 70 to 85% 

Esters and free 8 


10 

0*8740 


+ 1*6 

1*4563 


alcohols 


• According to Penfold ( Private communication, 1W9 ), arotnadendral has no separate existence, but, following Baker & Smith 
( 1920. Research on the Eucalypts and their Essential Oils ), it has been used throughout this chapter in a general sense to denote 
the presence of one or more of the three chemical constituents, namely cuminaldehyde, phellandral, and f-cryptone ( formerly 
cryptal ). 

t Industrial use is chiefly in ore flotation. 


timber species, there is much to be said in 
favour of it. '' 

All this controversy is with regard to 
timber and fuel, and very little attention 
has hitherto been paid to the valuable 
essential oils derived from the eucalypts. 
In point of fact, nobody has ever considered 
the problem from this angle, although it 
must be reiterated that whatever quan- 
tity of oii is distilled from E, globulus 
in the Nilgiris is obtained as a by- 
product. 

The above table gives average cons- 
tants and other particulars alx)ut the 
commercial oils which are distilled in Aus- 
tralia ( Penfold & Morrison, 1944. Com- 
mercial Eucalyptus Oils. BuU, tech, Mus,, 
Sydney, No. 2: p. 1-36). 


The following table gives average cons- 
tants and other particulars of the oils 
obtainable from those eucalypts which have 
been introduced into India. The ana- 
lytical figures are for the oils distilled in 
Australia from the Australian trees, as 
recorded by Baker & Smith in their mono- 
graph Research on the Eucalypts and their 
Essential Oils, 1920. 

Eucalyptus oil for use in medicine — The 
British Pharmacopoeia ( 1932)* requires 
that oil for use in medicine should contain 
not less than 70 per cent, w/w of cineole. 
It should be a colourless or pale-yellow 
liquid with an aromatic camphoraceous 

♦ We have not yet received a copy of the 1948 
Pharmacopoeia, which has been published. 
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PARTICULARS OP THE OILS OBTAINABLE FROM EUCALYPTS WHICH HAVE BEEN 

INTRODUCED INTO INDIA 


Sl. Species 

Common name 

Average 

Specific 

Optical 

Refractive 

Saponi- 

No. 


% OIL 

GRAVITY**® 

ROTATION 

INDEX*®° 

fication 







VAL. 

1 E. acmenioides 

White mahogany 

009 

0*9252 

Not taken 

1 ■ 6008 . 

8*6 

2 E. alpina 

... 

0 36 

0*8973 

-2*8° 

1*47.56 

2*6 

3 E. amygdalina 

Black peppermint 

1*80 

0 *8668 to 
0*8848 

-69 1° to 
-76*1° 

1*47.52 to 
1*4781 

2 • 9 to 
3*2 

4 E. andrewsi 

New England 
peppermint 

1*27 

0*8646 

-41*5° 

1*4831 

4 3 

5 E. bicolor 

Red box 

0*85 

0*9155 

■f5*6° 

1*4675 

8*4 

6 E. bosistoana 

Ribbon box 

0-97 

0*9078 

-1-9*26° 

1 • 467.5 

3*2 

7 E. botryoides 

Bastard mahogany. 

0*11 

0 *8774 to 

-f23*75° 

1*4730 

15 *2 to 

bangalay 


0*8778 

( 1st 

fraction ) 


21*4 


8 E. calophylla 

Red gum 

0*25 

0 8756 

-1-22*9° 

1*4731 

10 5 

9 E. capitellata 

Brown stringybark 

0 11 

0*9175 

-f 4*4° 

1 4771 

4*3 

10 E. cinerea 

Argyle apple 

1*20 

0 *9113 to 

-f2*5° to 

1*4649 

14 *4 to 


0*9225 

-f4*l° 


24*0 

11 E. edriodora* 

Lemon-scented 

0 *70 to 

0 86.58 to 

— 0*2° to 

1*4521 to 


gum 

1*0 

0*8740 

-fl*5° 

1*4.563 


12 E. cladocalyx 

Sugar gum 

0*10 

0*8945 

+8*1° 

1*4779 

7*7 

13 £. coccifera 


0-61 

0*8810 

-35*8° 

1 • 4840 

4*9 

14 E. coriacea 

Scribbly gum. 

0 61 

0*8947 to 

-27 *0° to 

1 * 4845 to 

3*7 to 

white gum 


0*8983 

-29*3° 

1*4890 

4*6 

15 E, cornula 

Yate gum 

1*20 

0*9043 

-fl0*l° 

1 * 4601 

25*4 

19 E. corymbosa 

Blood wood 

0*00 

0*883 

-8*4° 

1*4838 

3*8 

HE. crebra 

Narrow-leaved 

0*16 

0*8986 

-10*8° 

1*4787 

6*2 

ironbark 






18 E. dealbata 

White gum 

0*86 

0*9261 

-1-3*8° 

1*4648 

21 

19 E. deanei 

k • * • 

0*60 

0*9216 

-3*2° 

1*4896 

21*4 

20 E. delegatensis 

White ash 

1*70 

0 *8.596 to 

-47*4° to 

1*4812 to 

3*1 to 



0*8676 

-58*6° 

1*4863 

8 5 

21 E. diversicolof 

Karri 

0*80 

0 *8948 to 

-l-20*6° to 

1*4671 to 

41 to 



0*9145 

+ 30*1° 

1*4748 

53*2 

22 E. dives* (type ?) 

Broad -leaved 

2 to 4 

0 *8892 to 

-58° to 

1*4784 to 


peppermint 


0*9063 

-78° 

1*4806 


23 E. elaeophora 

Bundy, half box 

0*75 

0*9191 to 

+3 r to 

1*4663 

8*7 


0*9266 

•4-5*7° 



24 E. eugenioides 

White stringybark 

0*75 

0 *9122 to 

4-8*4° to 

1*4694 

6*9 



0*9132 

-f4*8° 



25 E. eximia 

White or yellow 

0*46 

0*8998 

-f28*8° 

1*4832 

4*5 


blood wood 






26 E. globulus 

Blue gum 

0*92 

0*913 

4-8*4° 

1*4663 

2*1 

27 E. gomphocephala 

Tuart 

0*03 

0*8759 

Not taken 

1*4758 

25*7 

28 E. goniocalyx 

Mountain gum 

100 

0*»U7 to 

4-4*3^° to 

1*4689 

13*3 


0*9126 

4-7*2° 



29 E. gunnii 

Cider gum. 

0*68 

0 *8984 to 

-4*3° to 

1*4748 to 

4*4 to 

swamp gum 


0*9014 

4-4*7° 

1*4709 

6*7 

30 E. haemastoma 

Scribbly gum. 

0-44 

0 *9066 to 

-5*6° 

1*4902 to 

4 *4.10 


white gum 


0*0195 


1*4955 

6*1 


Principal 

CONSTITUENTS 


Pinene, phellandrene, ses- 
quiterpene, cineole 
( traces ) 

Pinene, cineole, paraffin, 
sesquiterpene, polyter- 
penes 

Phellandrene, cineole, pipe- 
ritone, sesquiterpene 
Phellandrene, piperitone, 
free alcohols, sesquiter- 
pene, cineole ( traces ) 
Cineole, pinene 
Cineole, pinene, terpineol, 
sesquiterpene 
Pinene, sesquiterpene, 
esters, cineole { traces ) 

Pinene, cymene, sesouiter- 

f ene, esters, cineole 
traces ) 

Cineole, pinene, phellan- 
drene, sesquiterpene 
Cineole ( 54% ), pinene, 
esters, volatile aldehydes, 
sesquiterpene 
Citronellal ( 70-85% ), 
esters, free alcohols 
Pinene, cineole, sesquiter- 
pene 

Phellandrene, cineole, 
eudesmol, piperitone, 
sesouiterpene 
Phellandrene, pinene, 
piperitone, eudesmol, 
cineole, sesquiterpene 
Pinene, cineole ( 81% ), 
arnyl alcohol, esters, 
alcohols, sesquiterpene, 
volatile aldehydes 
Pinene, aromadendralf, 
sesquiterpene, cineole 
Phellandrene, pinene, 
cineole, sesquiterpepe 
Cineole (52%), pinene, 
sesquiterpene, liquid 
eudesmol 

Pinene, cymene, aromaden- 
dralf, esters, sesquiter- 
pene 

Phellandrene, piperitone, 
cineole ( traces ) 

Pinene, terpineol, geraniol 
and their esters, butyl 
butyrate, sesquiterpene, 
cineole ( traces ) 

/-* -phellandrene ( 40% ), 
/-piperitone ( 85-50% ), 
alcoholic bodies, and 
sesquiterpene, and 
origanene 

Cineole (58% ), pinene, 
eudesmol, aromadendralf, 
esters 

Cineole ( 31 % ), pinene, 
sesquiterpene 
Pinene, sesquiterpene, 
liquid eudesmol, geraniol 
Cineole ( 57% ), pinene, 
eudesmol, sesquiterpene, 
volatile aldehydes 
Phellandrene, pinene, 
esters 

Cineole ( 56% ), pinene, 
eudesmol, sesquiterpene, 
esters, volatile aldehydes 
Pinene, phellandrene, 
cineole, liquid eudesmol, 
sesquiterpene 
Phellandrene, cineole, 
eudesmol, geraniol, 
sesquiterpene 


• Data for this have been taken from Penfold & Morrison ( 1944. BuU. tech. Afus., Sydney, No. 2 : p. 1-36 ). 

t According to Penfold ( 1949. Private communication ), aromadendral has no separate existence, but, following Baker & Smith 
( 1920. Research on the pucatypts and their Essential Oils ), it has been used throughout this chapter in a general sense to denote 
the presence of one or more of the three chemical constituents, namely cuminaldehyde, phellandral, and /-cryptone 
( formerly cryptal ). 
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PARTICULARS OP THE OILS OBTAINABLE FROM EUCALYPTS WHICH HAVE BEEN 
INTRODUCED INTO INDIA — ( Continued ) 


Sl. 

Species 

Common name 

Average 

Specific 

No. 


% OIL 

gravity"® 

31 

E. hemiphloia 

Grey box, white 

0-58 

0 9117 


box 



32 

E. leucoxylon 

Victorian iron- 

0-78 

0-8987 


bark, white gum 



33 

E. linearis 

White peppermint 

1-50 

0 -9086 to 
0-9096 

34 

E. longifolia 

Woolly butt 

0-54 

0-9226 

35 

E. macarthuri* 

Paddy’s river box 

0 2 

sometimes 

0-5 

0-29 

0 -9238 to 
0-9292 

36 

E. macforhyncha 

Red stringybark, 
Victorian 
stringybark 

0-929 

0-9247 


37 

E. maideni 

Blue gum 

10 

38 

E. marginata 

Jarrah 

0-22 

0 -8889 to 
0-9117 

SO 

E. melanophloia 

Silver-leaved 

ironbark 

0 11 

0-8959 

40 

E. melliodora 

Yellow box 

0-87 

0 -9042 to 
0 9321 

41 

E. microcorys 

Tallow- wood 

0-51 

0-895 

42 

E. microtheca 

Cootabah, tangoon 

0-48 

0-8855 

43 

E. obliqua 

Stringybark, 

0 70 

0 -8836 to 


messmate 


0-8902 

44 

£. occidentalis 


095 

0-9135 

45 

E. paniculata 

White ironbark 

0 10 

0-901 

46 

E. patentinervis 

Half mahogany 

026 

0-8735 

47 

E. pilularis 

Blackbutt 

Oil 

0 -885 to 

0 903 

48 

E. piperita 

Sydney pepper- 

0-80 

0 9111 


mint 



49 

E. planchoniana 

Stringybark 

002 

0-9039 

50 

E. platypus 


0-82 

0-9103 

51 

E. polvanthemos 

Red box 

0-83 

0 9281 

52 

E. populifolia 

Bimbil box, poplar 

- 0-76 

0 9207 to 


leaved box 


0-923 

53 

L. propinqua 

Grey gum of the 

0-24 

0-8980 


north coast, 
N.S.W. 




54 

E. pulverulenta 


2-22 

0 9236 

55 

E. punctaia 

Grey gum 

0-8 

0 9160 

56 

E, redunca 

White gum 

12 

0-9097 

67 

E. regnans 

Giant gum 

0 -78 to 

0 -8802 to 



0 88 

0-8879 

58 

E. resinifera 

Australian red 

0 42 

0-9098 



mahogany 



59 

E. robusta 

Swamp mahogany 

016 

0-8777 

60 

£. rosirata 

Murray red gum 

0'27 

0 -8955 to 
0-9047 

61 

E. rubida 

Candlebark 

001 to 

0 -9067 to 




Oil 

0-9209 

62 

E. rudis 

Flooded gum, 

1-2 

0-0068 



swamp gum 




Optical 

Refractive 

Saponi- 

Principal 

ROTATION 

INDEX*®® 

fication 

VAL. 

CONSTITUENTS 

-6 85® 

1 - 4853 

5-8 

Pinene, cineolc, aromadend- 
ralt, cymene, alcoholic 
bodies, sesquiterpene 

+ 9-2® 

1-4711 

3-8 

Pinene, limonene, cineole, 
sesquiterpene 

— 9 - 9 to 
-23-1® 

1-4677 to 
1-4734 

5-8 

Phellandrene,cineole (46%) 
liquid cudesmol, sesqui- 
terpene 

+2-86® 

1-4681 

3-6 

Cineole ( 45% ), pinene, 
sesquiterpene 

+ 1-6® to 
+3-1“ 

1 - 4704 to 
1-4744 


Geranyl acetate (67-73% ), 
geraniol ( 3-7% ), eudes- 
mol ( 15-1 7^: 

-10® 

(1st 

fraction ) 

1-4745 

8-4 

Pinene, phellai Irene, 
cineole, eiidesraol, 
sesquiterpene 

+5-8® 

1 4679 

21-8 

Cineole ( 50% ), pinene, 
esters, sesquiterpene 

— 8 -5® to 
-10 4® 

1-4889 

10 3 to 
13 1 

Pinene, cymene, cineole, 
aromadendraiti sesquiter- 
pene, esters 

-23 5® 

1-4893 

11 

Phellandrene, pinene, 
cymene, cineole, eudesmol, 
sesquiterpene 

+ 5 -0® to 
+ 6-5“ 

1 4649 

7-2 to 
21-96 

Cineole ( 52% ), phelland- 
rene, pinene, sesquiter- 
pene, esters 

+ 18-3® 

1 - 4690 

19-6 

Cineole, pinene, esters, 
sesquiterpene 

-27-2° 

1 4838 

4 3 

Phellandrene, pinene, 
cineole, cymene, sesqui- 
terpene 

-24-2® to 

1 • 4836 to 

7-2 to 

Phellandrene, cineole. 

-28-8® 

1 4877 

8-1 

aromadendralt, cymene 

+ 9-0® 

1 4717 

2-5 

Pinene, cineole ( 36% ), 
aromadendralt, sesquiter- 
pene 

+ 7-8® 

1-4744 

7-11 

Pinene, cineole, alcoholic 
bodies, sesquiterpene 

-15-2® 

1-4891 

6-2 

Terpenes, limonene, citral, 
alcohols, sesquiterpene 

-4-2° to 
+ 11 1® 

1-4904 

5-9 

Phellandrene, pinene. 
cineole, sesquiterpene, 
liquid cudesmol 

-2 7® 

1-4781 

11-0 

Phellandrene, pinene, 
cineole, piperitone, 
eudesmol, sesquiterpene 

Not taken 

Not taken 

7-1 

Phellandrene, sesquiter- 
pene 

+ 10-2° 

1-4639 

15 2 

Cineole ( 48% ), pinene, 
esters, alcoholic bodies, 
sesquiterpene, volatile 
aldehydes 

+ 5-4® 

1-4679 

20 7 

Cineole ( 54% ), pinene, 
esters, sesquiterpene 

+ 0-4” to 
‘ +1-2° 

1 - 4652 

1-9 

Cineole ( 62% ), pinene, 
sesquiterpene 

+ 4-4° 

1 4731 

8-4 

Pinene, cineole ( 32% ), 
aromandendralf, sesqui- 
terpene 

+ 2-12® 

1 - 4629 

18-4 

Cineole ( 60% ), pinene, 
esters, sesquiterpene 

+0-85® 

1-4717 

18-8 

Cineole ( 55% ), pinene, 
aromadendralt, esters, 
sesquiterpene 

+ 13-5° 

1-4663 

2 4 

Cineole ( 38% ), pinene, 
sesquiterpene 

-24-4® to 

1 - 4882 to 

13-2 to 

Phellandrene, eudesmol. 

-311® 

1 4901 

15 4 

geraniol, esters, piperi- 
tone, sesquiterpene 

+2 - 25® 

1-4698 

9 2 

Cineole ( 50% ), pinene, 
sesquiterpene, esters 

+ 4-0® 

1-4744 

91 

Pinene, sesquiterpene, 
cineole, esters 

-11-8“ to 

1-4839 to 

6-1 to 

Cineole, pinene, phellan- 

-14-5® 

1-4890 

10-6 

drene, cymene, aroina- 
dendralf 

-1-1“ to 
+ 4-4® 

1 - 4892 

3-2 to 
12-3 

Pinene, cineole, phelland- 
rene, esters, sesquiter- 

+ 10-1® 

1-4695 

3-2 

'finene, cineole ( 38% ), 
sesquiterpene, volatile 
aldehydes 


See footnote on p. 210. 


^ See footnote on p. 210. 
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PARTICULARS OF THE OILS OBTADiABLB FROM EUCALYPTS WHICH HAVE BEEN 
INTRODUCED INTO INDIA — ICmMmud ) 


Sl. Species 

Common name 

Average 

Specific 

Optical 

Refractive 

Saponi- 

Principal 

No. 


% OIL 

GRAVITY**® 

rotation 

INDEX ••® 

fication 

VAL. 

constituents 

63 £. saligf^a 

Sydney blue gum 

012 

0 8731 to 

-♦-1-1® 

1-4789 to. 

26 -2 to 

Pinene, cymene, esters, 


0-8846 


1-4705 

85-5 

sesquiterpene, cineole 
( traces ) 



04 E. salmoHopkhia 

Salmon-coloured 

1 44 

0-0076 

+6-8® 

1-4681 

4-0 

Pinene, cineole ( 48% ), 

gum 






aromadendralf, sesquiter- 

66 E. satubfis 

Gimlet gum 

1‘39 

0-002 

-6-8® 

1-4784 

18-9 

pene 

Pinene, cymene, aroma- 






dendraltf esters, cineole. 

06 E. sidetophloia 

Sydney ironbark 

0 06 

0-0067 

+ 14-5® 

1-4943 

4 

sesquiterpene 

Pinene, phellandrene, alco- 
holic IwJies, sesquiterpene, 








cineole ( traces ) 

67 E. sideroxylon 

Red dowering iron- 

0 60 

0 -0189 to 

+ 1-4° to 

1-4668 

2-6 

Cineole ( 60% ), pinene, 

68 E, sieheriana 

bark 

Mountain ash 

0-5 

0-9227 

0-8880 

+ 8-2® 
-43-8® 

1-4820 

2 6 

sesquiterpene 

Phellandrene, piperitone, 




0 




cineole, cymene, sesquiter- 

60 E. smithii 

Gully ash, white 

1-80 

0 0133 to 

+ 4-7® to 

1-4616 to 

2-4 

Cmeole ( 73-86% ), pinene. 


ironbark, white- 
top 

Black sally, lead 


0-9102 

+6-4® 

1-4672 


eudesmol, paraffin 

70 E, stelluleUa 

0-3 

0-871 

-22-7® 

1-4845 

2-1 

Phellandrene, cineole, ses- 
quiterpene 

gum 

71 E. stricta 

0 5 

0-0246 

-0 36® 

1-4654 

2 5 

Cineole ( 58% ), pinene, 
eudesmol, aromadendralf 


72 £. ituartiana 

Apple box 

0 4 

0-916 

+4-8® 

1-4652 

14-2 

Cineole ( 68% ), pinene, 
esters, sesquiterpene 

78 E. lereticornis 

Forest red gum 

0-5 

0-0158 to 

-9-4® to 

1-4877 to 

26-7 

Pinene, cymene, cineole, 



0-0128 

-11-8® 

1-4906 


aromadendralf, sesqui- 
terpene 

Pinene, sesquiterpene. 

74 E. trachyphloia 

Bloodwood 

0 2 

0-8873 to 

+8-4® to 

1 4844 

3-2 



0-8920 

+ 0-8° 



aromadendralf 

75 £. umbra 

stringy bark, white 

0-6 

0-8970 

+ 18-7® 

1 - 4630 

7-1 

Pinene, cineole, sesqui- 


mahogany 






terpene 

76 E. urnigera 

Urn gum 

113 

0-0038 

+11-8® 

1-4652 

18-3 

Cineole ( 53 % ), pinene, 
esters, volatile aldehydes, 

77 E. viminalis 

Manna gum 

065 

0 -9044 to 

+ 3-7® to 

1-4707 to 

6-1 to 

sesquiterpene 

Pinene, phellandrene, 



0-9162 

+4-2® 

1-4708 

9-6 

cineole, sesquiterpene 

78 E. virgata 


0-54 

0-8883 to 

-20 9® 

1-4810 to 

3-3 to 

Phellandrene, eudesmol, 



0-0154 


1-4958 

6-7 

cineole ( traces ), piped- 


tone, sesquiterpene 

t See footnote on p. 210. 


odour, pungent and camphoraceous taste 
followed by a sensation of cold, soluble in 
5 volumes of alcohol ( 70 per cent. ), and 
should have sp. gr. ( 15-5715'5° ) 0*910 to 
0*930, [aj —5° to +5®, refractive index at 20° 
1458 to 1*470. When 1 ml. of oil is mixed 
with 2 ml. of glacial acetic acid and 5 ml. of 
petroleum spirit ( b.p. 50° to 60° ) and 2 ml. 
of saturated aqueous solution of sodium 
nitrite are added and the mixture gently 
shaken, the nonformation of a crystalline 
precipitate in the upper layer is the indication 
of the absence of much phellandrene. The 
pharmacopoeia also lays down the limit 
of aldehydes. 

The Pharmacopoeia of the U.S.A. ( 1942) 
also requires that the eucalyptus oil for use 
in medicine should contain not less than 
70 per cent, of cineole ( eucalyptol ). 

Formerly the oil from E, globulus was 
highly prized for use in medicine, and took 
the ^t place. The B.P. requirements in 
1914 were not less than 55 per cent, of 
cineole, the constituent for which the oil is 
valued in medicine, but this has since been 


raised to not less than 70 per cent. This 
change has resulted in getting the oil from 
those species in which the oil is richer in 
cineole and larger in amount. Whereas, 
the leaves and twigs of E, globulus furnish less 
than 1 per cent, of oil ( containing about 
60 per cent, cineole ) those from E, poly- 
braciea yield double and from E, austrcUiana 
four times the amount ( containing 70 to 
85 per cent, of cineole). None of these 
latter species have ever been tried in India, 
despite the fact that oil from the Indian- 
grown F. globulus does not conform to B.P. 
standard, not only with regard to cineole 
content but also in other respects. 

The essential oil from £. dives ( type ) 
is rich in piperitone content. Piperitone 
is easily convertible into menthol and 
thynriol, which are used in medicine. This 
species has hardly received any attention 
in India, although the demand for thymol 
and menthol is insatiable. Australia supplies 
India with large quantities of thymol. 

The popularity of disinfectaiits and 
deodorants based upon eucalyptus oils has 
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greatly stimulated production in Australia 
of those grades of oils which are rich in 
phellandrene and contain 25 to 30 per cent, 
of cineole. This aspect of the utility of 
eucalyptus oils has received no attention in 
this country. 

Eucalyptus oils for use in perfumery — 
Eucalyptus oils from two species find use 
in perfumery. These are E. citriodora oil 
which is rich in citronellal content and E, 
macarthuri oil which has a high content of 
geranyl acetate. These species also have 
hardly received any attention in India. 

Eucalyptus oils for use in industry — 
Oils from some species, such as E. dives 
var. '‘A’* and E. phellandra, are used in 
special processes, such as the flotation ** 
process for ore concentration. These again 
have received little attention in India. 

Leaf material for eucalyptus oil — The 
suitability of a eucalyptus as a commercial 
source of oil depends upon the composition 
and yield of the oil ; also upon the acces- 
sibility of the species and the yield of the 
leaves. Many species, such as E. globulus, 
E, citriodora and E. macarthuri, although 
useful for the production of oil, grow to large 
dimensions. Leaves and terminal branches 
are the only parts from which the oil is distill- 
ed, and to lop the branches from such tall 
and none too strong trees is both expensive 
and dangerous. The felling of the trees is, 
therefore, usually favoured in Australia by 
experienced distillers, although it may appear 
extravagant. By cutting the tree within a 
foot or two of the ground, a strongly folia- 
ceous “ sucker growth ” springs up soon, 
and this may be cut again and again as 
required for distillation. With many eu- 
calypts coppice is readily and abundantly 
produced, and the leaf material from such 
shrubby regrowth is more easily gathered. 
The vitality shown by the eucalypts is 
remarkable, and repeated cutting does not 
destroy the reproductive capacity of the 
trees. 

Eucalypts, however, do not all grow to 
a large size, the mallees more particularly. 
This shrubby growth is more useful for oil 
distillation than the taller species, besides the 
fact that several mallees are rich in oil con- 
tent, and the oil rich in cineole. In mallees 
several stems, spring from an expanded 
rootstock, and these form a bushy growth 
which is very convenient for harvesting. 
Three mallees particularly have attracted 
great attention in Australia, on account of 
the high yield of cineole-rich oils. These are 


m 

E. polybractea ( blue mallee ) of New South 
Wales, E , cheorifolia ( narrow-leaved mallee ) 
of the Kangaroo Island and E. odorata Behr. 

( box tree or peppermint ) of New South 
Wales, Victoria, and South Australia. The 
bulk of South Australian oil is distilled 
from these species ( Read, 1944. Endeavour, 
3 : 47 ). Another mallee yielding somewhat 
lesser amount of cineole-rich oil is E. dumosa 
( bull mallee ), which is also exploited to an 
extent. E. polybractea is, however, the 
best-known and most exploited of these 
mallees. 

In order to secure an abundance of new 
leaves from the mallees, particularly E. 
polybractea, the distiller in Australia employs 
a heavy roller to crush down the whole of 
the natural growth of the mallee scrub. 
When the crushed material has sufficiently 
dried, it is burnt down. In a few weeks 
the irrepressible eucalypt reappears and 
the landscape is covered by young growth. 
In 12 to 18 months the thick growth 
of the mallee is ready for harvesting for 
distillation. 

Not only are the mallees remarkable 
for their vitality and rapid growth, but a 
number of arboreous eucalypts are also 
notable for their fast growth. For example, 
E. macarthuri, when grown from a seed, 
can be harvested in 20 to 24 months and the 
oil distilled from its leaves contains 70 per 
cent, of geranyl acetate — a constituent 
valuable in perfumery. Another example 
of a quick-growing tree is E. smithii, whose 
leaf oil contains 73 to 85 per cent, of cineole. 
This has been found to grow to a height of 
22 ft. in three years, and can be repeatedly 
harvested for oil distillation. It is possible 
to trim it to a bush when the collection of 
leaves is made easy, besides obtaining an 
abundance of foliage. It has been suggested 
that E. globulus, which has been cultivated 
in India, might behave in this manner. 

Variation in character and yield of oil 
due to age — In Australia it has been observed 
with some eucalypts that the oil from the 
young and old leaves do not differ much in 
their constituents. In some cases the young 
leaves yield a higher percentage of oils, but 
lower amounts of the constituents for which 
they are prized. In India, it is said that 
distillers prefer leaves from E. globulus 
which is 16 to 17 years old, although no 
data are available to uphold this view. 
In any case, whatever species is cultivated 
in India, it is advisable to investigate both 
the yield and the constitution of oil according 
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to the age of the eucalypt. If the leaves 
from younger trees give a higher yield of 
the oil, it may still be rich enough in the 
constituent of the oil for which it is prized 
to justify the exploitation of younger trees. 
It is only after such investigations that the 
best manner and time of collection for each 
species can be worked out economically. 

Distillation of eucalyptus oil — Euca- 
lyptus oil can be distilled from the leaves 
and terminal branchlets by steam at ordinary 
pressure, but preferably at 10 lbs. steam 
pressure. Direct-fired stills can be used, 
but the oil obtained is crude and requires 
rectification. For this reason, wherever 
possible, steam distillation should be resorted 
to. Since eucalyptus oil is so easily distilled, 
and the leaf material not difficult to collect, 
it is only natural that very crude apparatus 
is often employed, although in modern 
distilleries steam-distilling plants are in 
operation. The erection of a permanent 
distillery for the purpose of course depends 
upon the availability of leaves and abundance 
of water. In general, it is advantageous 
to have distilling plants of small size, which 
are capable of being dismantled and taken 
from place to place in the forest areas. 

The leaves of all eucalyptus trees are 
evergreen so that distillation can go on all 
the year round except that the oil in winter 
is low. It has, however, been demonstrated 
that a particular species of Eucalyptus will 
produce, from average material, an oil 
practically constant in composition and 
general characters and also gives a fairly 
uniform yield, provided the material is well 
selected and does not possess too many 
branchlets. This factor is of great help in 
laying down the standards and specifications, 
and building up trade in these oils. 

The process of distilling eucalyptus oil 
in India has been described by Natarajan 
( 1929. Industr, Engng. Chem, News Edition, 
May 10 ; vide Perfum, essent. Oil Rec., 1929, 
20 : 192 ). He describes the process as 
under :■ — 

The manufacture of eucalyptus oil 
from £■. globulus leaves is carried on ex- 
tensively in the Nilgiri district. Eucalyptus 
trees are grown largely on the hills, as they 
are used for fuel and regularly cut for this 
purpose. There are about 100 distilleries 
in.the district. The oil is used for medicinal 
purposes in hospitals and also for removing 
incrustations in boilers and locomotives. 
It is exported in large quantities to N. 
India and elsg^here. 


The still used for the manufacture of 
eucalyptus oil is ordinarily 4 ft. high and 
2\ ft. in diameter, made of copper plates 
over which the leaves are placed so that 
they will not come in direct contact with 
the heat. Leaves of mature trees, 16 to 17 
years old, are preferred to leaves of younger 
trees. They are dried for three days after 
picking before being distilled. Leaves dried 
in the shade give a greater yield of oil. 
Before the heating commences, the still is 
filled with water and the required quantity 
of leaves is placed over the perforated plate. 
The cover of the still is tightly closed and 
the vapour is allowed to escape through a 
pipe into a tub, after first passing through a 
column of cold water. The condensed 
vapour contains a large percentage of water. 
The oil, being lighter, rises to the surface 
and the water is allowed to pass out through 
a tap at the bottom of the vessel. Generally 
boiling is continued for 8 hours, the water 
in the still being maintained to the same 
level by constant addition as it evaporates. 
The crude oil thus collected is refined by 
mixing it with one sixth the quantity of 
water and adding a small amount of caustic 
soda. The mixture is again distilled in a 
similar but a smaller still and the oil is passed 
through filter papers until it is rid of all 
impurities. 

The average capacity of a still is to hold 800 
lbs. of leaves and 36 gals, of water. The 
yield from 800 lbs. of leaves is 96 ozs. of 
refined oil. This works out to a yield of 
0-75 per cent, of oil. 

The following is the description of the 
distillation of eucalyptus oil in Australia 
given by Baker and Smith ( 1920. A Research 
on the Eucalypts and their Essential Oils : 
p. 446 ) 

‘‘ In the smaller distilling plants, in 
New South Wales particularly, it has become 
customary to generate the steam in the 
vessel in which the leaves are packed. A 
very general method is to employ one or 
more of the common square 400-gallon 
iron tanks, to insert a grating of some kind 
at about 8 inches from the bottom to support 
the leaves, and to fill the space below with 
water. The tanks are placed upon a suitable 
foundation and the fires lighted below. 
When the water boils the steam passes 
through the leaves, carrying the oil with it. 
The condenser and stiU attachments take 
various forms, but all are constructed with 
some regard to main principles of conden- 
sation, In the more simply constructed 



December 1949] 


AROMATIC PLANTS OF INDIA 


215 


plants, particularly in localities where 
water is abundant, the condensation is 
brought about by laying a sufficient length 
of pipe from the still, in a running stream if 
possible, bending the end of the pipe out- 
wards through some protection, and collect- 
ing the condensed water and oil in a receiver 
in which the oil separates, and is drawn off 
either automatically or otherwise. 

In simple distilling plants of this 
nature no provision is usually made for un- 
loading the spent leaves by mechanical means, 
this operation being performed by manual 
labour, so that, with a still of this des- 
cription, it is evident that a minimum of 
result is obtained with a maximum of 
effort ; but this primitive method of dis- 
tillation will continue to be employed because 
the plant is cheap, easily dismantled for 
removal, and can be worked by one or two 
men, by families, or by small communities. 

The lid attachments to these tank 
stills are made in various ways, the most 
common being to remove the top, and rivet 
a right-angled flange around the outside. 
The lid is a flat sheet of iron, and between 
this and the flat surface of the flange the 
joint is made, by inserting packing of some 
sort, either with clay or without, and fasten- 
ing the whole with stout steel clips. Another 
method is to have the flange turned inwards 
and to fasten stirrups on the outside of the 
tank. The lid is a flat sheet of iron in this 
case also, and the joint made steam-tight in 
the usual way and fastened tightly by the 
aid of wedges. 

It was considered at one time that 
the correct arrangement for a Eucalyptus 
oil still must include a copper still-head, 
to allow of easy exit of the steam from the 
tank to the condenser, but in the majority 
of cases this copper outlet is now discarded, 
as it was found to be unnecessary and costly. 
It must be remembered, too, that in nearly 
every case Eucalyptus oils contain free acid, 
and this, when present in sufficient amount, 
attacks the copper, the dissolved portion 
being conveyed into the oil, giving it a green 
colour. How injurious this may be is seen 
from the results we have recorded under 
E. cinerea. The outlet for the steam is now 
made in a simple manner by inserting a 2 or 
3 inch iron pipe through the side of the tank 
}ust below the top. No difficulty is ex- 
perienced, and practically all the oil is 
obtained from the leaves in this way.*' 

The attention of the reader is also 
invited to an excellent bulletin entitled 


Guide to the extraction of eucalyptus oil in 
the field by Penfold & Morrison ( 1945. 
Bull. tech. Mus., Sydney, No. 4 : p. 1-24 ). 

E. globulus oil produced in the Nilgiris — 
Puran Singh (1917. Indian For. Rec., 5 : 301) 
states that the shade-dried leaves containing 
10 per cent, moisture give at least 50 per cent, 
greater yield of oil than the same quantity 
of green leaves containing 41 per cent, 
moisture. He also recommends that the 
leaves should not be exposed directly to the 
sun during drying but that they should be 
dried in shade. The leaves yield 0*8 to 
T2 per cent. ( Ramaswamy, Rao Guha, 
1946. J. Indian Inst. Sci., 28A:57), al- 
though Puran Singh obtained even 1-5 per 
cent, of the oil from mature tree of r»riginal 
growth. Puran Singh also states that 
the leaves from one year coppice shoots 
contain more oil than those from 10 years 
coppice growth, bulk for bulk. The ave- 
rage yield from the leaves in Australia has 
been recorded as 0*92 per cent. ( Baker & 
Smith, loc. cit . ). 

Below are given the particulars about 
the Nilgiri oil as compared to the Australian 
oil : — 



Australian 

Nilgiri oil 

Nilgiri oil 


OIL 

( after Puran 

( after 



Singh ) 

Ramaswamy 




et al. ) 

Specific gravity 

0-913 

0 -9065 to 0 -9155 0 -902 

Optical rotation 

+ 8-4° 

+ 5 -27^ to -f 9 -39' 


Refractive index 

1 • 4663 

1 463 to 1-466 1-4608 

Acid val. 


0 18 to 1-04 

6-3 

Saponification val. 

2-1 

8 90 to 20-0 

37-5 

Saponification val. after 



acetylation 


17 -0 to 21-68 

92-2 

Cineole 

57 7o 

54 to 60% 

62% 

Solubility in alcohol 

1 5 in 70% 

1 in 80" o 

Insoluble 




in 10 vol. 




70% 




alcohol 


Ramaswamy et al. also give the follow- 
ing additional constituents : — 

Lower boiling alcohols, aldehydes, 
ketones and acids 2*5 per cent., pinenes 
24 per cent., pinocarveol 0*4 per cent., 
cuminaldehyde 0-5 per cent., sesquiterpene 
alcohols 5-0 per cent., aromadendrene 1*0 
p>er cent., phellandrene nil, phenol 0*3 per 
cent., and residue 3-0 per cent. 

It will be seen that cineole content of 
the Nilgiri oil is well below the B.P. standard. 
Optical rotation and solubility in alcohol 
also differ from the limits laid down by B.P. 
Aldehydes which were not found by Puran 
Singh have been reported from the Nilgiri 
oil. Unless, therefore, the oil can be properly 
rectified, this would not come up to the B.P. 
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Standard. Nonetheless, it is produced in 
India to a large extent and used in medicine. 
In Australia, however, this has now gone 
out of market having been replaced by 
cineole-rich oils from such species as E, 
polyhractea which not only yield greater 
amounts of oil from the leaves but the 
oil itself is richer in cineole content than 
that from E, globulus. 

Writing about the Indian eucalyptus 
oil, Chopra ( 1933. Indigenous Drugs of 
India : p. 170 ) says, In the field of medi- 
cine, the Indian oil should have better 
prospects. Phellandrene, which is present 
in the Australian oil to a fairly large extent, 
is very irritant to the bronchial mucosa, 
especially if inhaled and has been considered 
to be powerfully depressant to the heart. 
The British Pharmacopoeia tests expressly 
exclude oils containing much of this principle. 
The butyric and valerianic aldehydes also are 
obnoxious constituents in the Australian 
oil. Both these constituents are absent 
from the Indian oil and therefore this 
should merit better consideration by physi- 
cians as this oil is less likely to produce 
coughing and other unpleasant side-effects.*' 
Obviously these remarks were made in the 
light of 1914 British Pharmacopoeia which 
required a minimum of 55 per cent, of 
cineole, as against the minimum of 70 per 
cent, in the 1932 edition, which has also 
laid down different specifications for optical 
rotation and has specified the refractive 
index and also expressly laid down a limit 
of aldehydes. 

McKern & Morrison ( 1947. Aust. J. 
Pharm., 28 : 858, 861 ; vide Chem. Ahstr., 
1948, 42 : 6007 ) have reviewed the literature 
on the therapeutic effects of phellandrene, 
and conclude that phellandrene is not more 
toxic than other terpenes in eucalyptus oil. 
According to them, its exclusion by the 
British Pharmacopoeia is unjustified. 

Constituents of eucalyptus oil — Altoge- 
ther about 40 distinct chemical consti- 
tuents have been isolated or detected from 
oils belonging to this genus. Most of these 
are hydrocarbons or oxygenated derivatives 
belonging to the terpene series, such as 
cineole, dtral, citronellal, eudesmol, geraniol, 
limonene, phellandrene, pinene, and piperi- 
to»e ; in addition there are aliphatic and 
aromatic constituents. A list of these is 
given below : — 

Acetic and formic.. 

Alcohols — Geraniol, terpineol, piperitol, glo- 
bulol, pir^arveol, eudesmd, methyl 


alcohol, ethyl alcohol, butyl alcohol, 
isobutyl alcohol, and tsoamyl alcohol. 

Aldehydes — Cuminal, phellandral, cryptal,* 
citral, citronellal, butyraldehyde, and 
valerddehyde. 

Alkyl benzene — Gymene. 

Esters — Geranyl acetate, butyl butyrate, 
amyl eudesmate, valeric ester, terpinyl 
acetate, and terpinyl butyrate. 

Ketone — Piperitone. 

Paraffin — Solid hydrocarbon (deposits in 
oils ). 

Phenols — Tasmanol " and />-tsopropyl- 
phenol (formerly australol). 

Sesquiterpene — Aromadendrene. 

Terpenes — Pinene, phellandrene, limonene, 
dipentene, and Y-terpinene. 

According to Penfold & Morrison ( 1944. 

Commercial Eucalyptus Oils. Bull, tech: M us. ^ 

Sydney, No. 2: p. 1-36), the following are 

the uses of the principal constituents of 

eucalyptus oils : — 

" 1. Volatile aldehydes ( principally isovale- 
ric), are used in various proprietary 
preparations including disinfectants, 
sheep dips, etc. 

** 2. Pinene and other terpenes are used in 
the manufacture of certain blended 
turpentines. 

** 3. Cineol [e], the principal constituent of 
medicinal eucalyptus oils, has a very 
restricted use. Production rarely ex- 
ceeds a few tons per annum. It is 
used in pharmacy and confectionery 
and to a limited extent as a clothes 
cleaner. 

4. Phellandrene is obtained as a by-product 
in the separation of piperitone from 
Eucalyptus dives and allied species, 
and is in heavy demand as a general 
solvent. In association with piperitone 
and other constituents it is sold as a 
blended eucalyptus oil for mineral 
flotation. 

‘*5. Terpineol — the well-known perfumery 
constituent of hyacinth odour — is sepa- 
rated from the high boiling fractions of 
Eucalyptus AustrMana, E. dives var. 
*C*, etc. 

“ 6. Eudesmol, the principal sesquiterpene 
alcohol of eucalyptus oils, is a very 
satisfactory fixative for perfumes re- 
quired for industrial purposes. 

** 7. Eudesmyl acetate. This is prepared by 
acetylating eudesmol. It is i^ed as a 

•This is now known as /-cryptone ( Penfold, 

1949. Private communication ). ’ 
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war-time substitute for oil for Bergamot 
and its constituents. It blends fairly 
well with lavender oil. 

“ 8. Piperitone ( commercial ), assaying 90^o 
to 95% ketone. This ketone is prepared 
by a well-known Victorian firm. Piperi- 
tone of high laevo-rotation is available 
in ton lots. It is the raw material for 
the manufacture of synthetic thymol 
and menthol.'* 

The Australian eucalypts have been group- 
ed according to the constituents they possess. 

For example, Group I consists of : — 

E. acaciaeformis Deane & Maiden, E. 
aipina Lindl., E, hotryoides Sm., E. calophyUa 
R. Br., E. carnea R. T. Baker, E. corymbosa 
Sm., E. dextropinea R. T. Baker, E. eximia 
Schau., E. intermedia R. T. Baker, E. laevo- 
pinea R. T. Baker, E. nigra R. T. Baker, E. 
nova-anglica Deane it Maiden, E. phlebophylla 
F. Muell. ex Miq., Zi. robusta.Sm., E. rydalensis 
R. T. Baker & H. G. Smith, E. saligna Sm., 
E. ierminalis F. Muell., E. tessellaris F. Muell., 
and E. irachyphloia F. Muell. All of these 
yield an oil consisting largely of pinene, 
without phellandrcne. Cineole is almost or 
(juite absent. 

Group II consists of the following which 
yield an oil in which pinene and cineole 
are predominant, cineole not exceeding 4() 
per cent. Phellandrcne and aromadendral* 
are absent : — 

E. bauerlcni F. Muell. f, E. bluxlundi Maiden 
^ Cambage, E. bosistoana F. Muell., E. dado- 
calyx F. Muell., E. conica Deane (S: Maiden, 
E. cornula Labill., E. eugcnioidcs Sieb. ex 
Spreng., E. fascicidosa F. Muell., E. hemi- 
lampra F. Muell., E. iniertexta R. T. Baker, 

E. lacica R. T. Baker, E. Ichmanni Preiss ex 
Schau., E. leiicoxylon F. Muell., E. maculata 
Hook., E. megacarpa F. Muell., E. microcorys 

F. Muell., E. paludosa R. T. Baker, E. pani- 
cnlaia Sm., E. quadrangulata Deane ik Maiden, 

* Accordin';^ to Penfold ( 1949. Private com- 
munication ), aroinadendral lias no separate exis- 
tence, but, following Baker & Smith ( 1920. Re- 
search on the liucalypts and their Essential Oils ), 
it has been used throughout this chapter in a 
general sense to denote the presence of one or more 
of the three chemical constituents, namely, cumin- 
aldehyde, phellaiidral, and /-cryptone ( formerly 
cryptal ). 

f There exists considerable confusion regarding 
the spelling of E. bauerleni. It has been variously 
sjielt as E. baeuerlcni, E. baCHcrlenii, E. bauerlenii, 
and E. baiterksii. All these spellings are incorrect. 
F. Mueller, in the Victorian Naturalist, 1890 : p. 76 , 
spelt it asii. bauerleni, which, of course, must stand. 
The version in Index Kewensis, viz., E, bauerlesii, 

evidently a mi8|>rint. 


E. redunca Schau., £. rudis Endl., E. santali- 
folia F. Muell., E. umbra R. T. Baker, E. 
viminalis Labill., var. ‘"A", and E. wilkin- 
soniana R. T. Baker. 

In Group III class (a) are placed the 
following which yield an oil consisting 
principally of cineole and pinene, in which 
cineole exceeds 40 per cent, but is under 
55 per cent. Phellandrcne is absent and 
aromadendral* very rarely occurs : — 

E. accedens Fitzg., E. behriana F. Muell., 

E. bicolor A. Cunn. ex Hook,, E. calycogona 
Turez., E. camphor a R. T. Baker, E. cinerea 

F. Muell. ex Benth., E. dalrympleanv Maiden, 
E. dealbata A. Cunn. cx. Schau., E. gullicki 
R. T. Baker cS: H. G. Smithf, E. longi/olia 
Link 6: Otto, E. maideni F. Muell., is. platypus 
Hook., E. poly ant hemos Schau., E. rcsinifera 
Sm., E. rodicayi R. T. Baker H. G. Smith, 
E. rossii R. T. Baker k H. G. Smithij:, £. ros- 
/rata Schlecht., \’ar. borealis R. T. Baker <S: 
H. G. Smith, E. salmonophloia F. Muell., 
is. seeana Maiden, E. siuartiana F. Muell. cx 
Miq., E. unialata R. T. Baker & H. G. Smith, 
is. urnigera Hook. /., and E. vcrnicosa 
Hook. /. 

In Group 111 class [b) are placed the follow- 
ing. In these the oil consists principally of 
cineole and pinene but, unlike in Group II and 
Group 111 (a), cineole exceeds 55 per 

cent. Phellandrene and aromadendral are 
absent : — 

E. australiufia R. T. Baker H. G. Smith, 
is. bridgesiana R. T. Baker, is. cordata Labill., 

E. costata R. Br. cx F. Muell., is. globulus 
Labill., E. goniocalyx F. Muell., E. longicornis 

F. Muell., E. maculosa R. T. Baker, E. 
moorei Maiden & Cambage, is. morrisii R. T. 
Baker, E. muelleri J. B. Moore, E. nepeunen- 
sis R. T, Baker & H. G. Smith§, E. parra- 
matte nsis C. Hall, E. parvi folia Cambage, 


'*= See first footnote in the prcMuus column, 
f Hucalyptus yitllicki was described by K. T. 
Baker & H. G. Smith in Research on Eucalypts and 
their Essential Oils, 1920 : p. 128, but it has not been 
included in Index Kewensis. The Kew author- 
ities, wliose attention lias been drawn to this 
omission, inform us that it will now be included 
in the eleventh Supplement. 

if. The original spelling as gi\ en by K. T. Baker & 
H. G. Smith in Research on Eucalypts and their 
Essential Oils, 1902, is Eucalyptus rossii. The 
spelling given in Index Kewensis. viz., E. rossci, is 
evidently a misprint. 

§ Eucalyptus ncpeanensis was described by R. T. 
Baker & H. G. Smith in Research on Eucalypts and 
their Essential Oils, 1920 ; p. 167, but it has not been 
included in Index Kewensis. The Kew authorities, 
whose attention has been drawn to this omission, 
inform us that it will now be included in the ele- 
venth Supplement. 
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E. perriniana F. Muell., E. poptdifdia Hook., 
En pulverulenta Sims, E, pumila Cambage, 
E. sideroxylon A. Cunn., E. smithii R. T. 
Baker, and E, squamosa Deane & Maiden. 

Group IV class {a) consists of the follow- 
ing. In this the oil has over 40 per cent, 
cineole, but pinene diminishes and aroma- 
dendral makes appearance, thus approach- 
ing the typical boxes Phellandrene is 
absent:— 

£. cneorifolia DC., E. cosmophylla F. MuelL, 

E. dumosa A. Cunn. Schau., £, elaeophora 

F. Muell., E. odorata Behr., E. oleosa F. 
Muell., E, polybractea R. T. Baker, E. punctata 
DC., E, stricta Sieb. ex Spreng., and £. tere- 
ticornis Sm., var. cineoUfera R. T. Baker & 
H. G. Smith, 

Group IV class (6) consists of the following. 
In this the oil contains over 40 per cent, of 
cineole, but phellandrene is making its 
appearance, thus approaching the more 
pronounced phellandrene-bearing oils : — 

E. consideniana Maiden*, E. linearis 
Dehnh., E, melliodora A. Cunn. ex R. T. 
Baker & H. G, Smith, E, ovalifolia R. T. 
Baker, var. lanceolata R. T, Baker & H. G. 
Smith, and E, risdoni Hook. /. 

In Group V are placed the following. In 
this the oil consists largely of cineole, pinene 
and aromadendral, but cineole does not 
exceed 40 per cent. Phellandrene is usually 
absent : — 

E. affinis Deane & Maiden, E. albens Miq., 
E, deanei Maiden, E, exserta F. Muell., E, 
ftetcheri R. T, Baker, E. gracilis F. Muell., 
£. hemipMoia F. Muell., £. marginata Sm., 
£. occidentalis Endl., E. propinqua Deane & 
Maiden, E. punctata DC., var. didyma R. T. 
Baker & H. G. Smith, E, rostrata Schlecht., 
E, r'udderi Maiden, £. salubris F. Muell., 

E, tereticornis Sm., E. uncinata Turcz., E, 
viridis R. T. Baker, and E, woollsiana R, T. 
Baker. 

In Group VI are included the following. 
In this the oil consists principally of pinene, 
cineole, and phellandrene, but the cineole 
does not exceed 40 per cent. : — 

F. acervtda Hook./., F. acmenioides Schau., 

F. angophoroides R. T. Baker, F. bancrofti 


* The original spelling by Maiden in Pfoc. linn. 
Soc* N.S.W., 1904, 29 : 475 is Eucalyptus consu 
deneana and this is followed in Index Kewensis, But 
this must be regarded as a faulty formation since 
it was named after First-Assistant-Surgeon 
D. Considen ( not Considene ). Tlie alteration by 
Baker Sc Smith in Research on Eucalypts and iheir 
Essential Oils, 1920 : p. 200 to E, consideniana is, 
therefore, justified, and should be followed. 


Maiden*, F. caerulea R. T. Baker & H. G. 
Smith*, F. capitellata Sm,, F. crebra F. Muell., 
F. dawsoni R. T. Baker, F. fastigata Deane & 
Maiden, F. fraxinoides Deane & Maiden, 
F. gunnii Hook. /., F. haemastoma Sm., F. 
irbyi R. T. Baker & H. G. Smith, F. laseroni 
R. T. Baker, F. macrorhyncha F. Muell., F. 
melanophloia F. Muell., F. microtheca F. 
Muell., F. ohliqua L'Herit., F. ovalifolia 
R. T. Baker, F. ^lularis Sm., F. planchoniana 
F. Muell., F. rubida Deane & Maiden, F. 
siderophloia Benth., and F. viminalis Labill. 

Group VII class (a) consists of the follow- 
ing. The oil contains largely phellandrene, 
cineole and piperitone, but cineole does not 
exceed 40 per cent. : — 

F. amygdalina Labill., F. amygdalina Labill. 
var. nitida Benth., F. cocctfera Hook. /., 
F. luehmanniana F. Muell., F. phellandra 
R. T. Baker & H. G. Smith, F. piperita Sm., 
and F. vitrea R. T. Baker. 

Group VII class (6) consists of the follow- 
ing. In this the oil contains largely phel- 
landrene and piperitone, but cineole is almost, 
if not quite, absent : — 

F. andrewsi Maiden, F. campanulata R. T. 
Baker & H. G. Smith, F. coriacea A. Cunn. 
ex Schau., F. delegatensis R. T. Baker, F. 
dives Schau., F. gomphocephala DC., F. 
oreades R. T. Baker, F. radiata Sieb. ex DC., 
F. regnans Y, Muell., F. sieberiana F. Muell., 
and F. taeniola R. T. Baker & H. G. Smith. 

Group VIII consists of the following. 
Cineole is almost or quite absent in the oil : — 

F. aggregata Deane & Maiden, F. apiculata 
R. T. Baker <& H. G. Smith, F. citriodoru 
Hook., F. ligustrina DC., E,macarthuri Deane 
& Maiden, F. marsdeni C. Hall, F. patenti- 
nervis R. T. Baker, F. staigeriana F. Muell. 
ex Bailey, F. stellulata Sieb. ex DC., and F. 
virgata Sieb. ex DC. 

Production of eucalyptus oil in Australia — 
According to Penfold & Morrison ( 1944. 
Commercial Eucalyptus Oils. Bull, tech, Mus,, 
Sydney, No. 2 : p. 1-36), the total annual 
production of eucalyptus oil in Australia 
during the years 1941 and 1942 was about 
230,000 gallons ( 120,000 gallons of industrial 
oils and 110,000 gallons of medicinal oils). 
The export of the oils increased from about 

Eucalyptus bancrofti was described by Maiden 
in Crit, Rev. Gen, Euc., 1917, 4 : 14, and E. caerulea 
by R. T. Baker & H, G. Smith in Research on 
Eucalypts and their Essential Oils, \92Q : p. 271, but 
these have not been included in Index Kewensis, 
The Kew authorities, whose attention has been 
drawn to these omissions, inform us that they 
will now be included in the eleventh Supplement. 
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100,000 gallons in about 1935 ( Penfold, 
1935. Aust. J. Pharm. : p. 29 ) to 190,192 
gallons (valued at £A 208,282) in 1941-42 
( Penfola & Morrison, loc, ciL), These ex- 
ports were made up of 65 to 70 per cent, of 
medicinal oils and 30 to 35 per cent, of 
industrial oils. The amount of medicinal 
oils contributed by different species was 
approximately like this : E, polyhractea 33 
per cent., £. sideroxylon 20 per cent., E, 
leucoxylon 20 per cent., E» australiana and 
E, dives, var. “C*' 20 per cent., and the 
remaining species 6 per cent. 

According to Penfold & Morrison {loc, cit,), 
Smith- White [ 1940. J. Aust, Inst, agric. Set., 
6(4) ] has shown that in Australia there is a 
return of about 125. 6d, per acre from land 
under oil-yielding eucalypts as compared to 
Is. per acre from land under grazing by 
sheep and cattle. 

Summary and recommendations — It will 
now be seen that out of about 500 species of 
Eucalyptus 90 have been introduced into 
India with varying degree of success at 
different places. Almost all the introduced 
species are arboreal in their habit. Although 
eucalypts are well known for the oil which 
they contain, it is only a few species which 
are exploited commercially. In Australia 
the present-day commercial oils are mostly 
won from E, australiana, E, cUriodora, E, 
cneorifolia, E, dives (type), E. dives var. 
“A*’, E. dives var. “C", E. dumosa, E, 
claeophora, E. leucoxylon, E, macarthuri, E, 
numerosa, E. numerosa var. “A'", E, pheU 
landra, E, polybractea, E, sideroxylon, and 
E, viridis. In addition, E, odorata and E, 
smithii are also important species. Of all 
these, only E, citriodora, E, dives, E, elaeo- 
phora, E, leucoxylon, E, macarthuri, E, sider- 
oxylon, and E, smithii have been tried in 
India for ornamental or fuel purposes. They 
do not appear to have attracted any atten- 
tion in India from point of view of the 
valuable essential oils, and only casual 
efforts have hitherto been made to cultivate 
them. If they have not been successfully 
cultivated at one place no attempts have 
been made to try them at other places. 
Nor has there been any serious attempt to 
augment their cultivation where they thrive. 

Eucalyptus oils are put to wide uses, 
depending upon the constituents which they 
contain, and are grouped as under : — 

1. Cineole oils for medicinal purposes, as 
disinfectants, germicides, insecticides, etc. : 
The medicinal value of the oil depends 
upon its cineole content, and for this reason 


mallee oils have become important. In 
India, the medicinal oil is prepared from 
the leaves of E, globulus, which yield 
about 1 per cent, of oil containing about 
60 per cent, of cineole. Eucalyptus oil 
containing less than 70 per cent, of cineole 
is not acceptable to the British Pharma- 
copoeia. It is evident, therefore, that the 
Indian oil has to be rectified to bring up the 
cineole content to a minimum of 70 per cent., 
and further requires improvements in those 
other characteristics in which it differs from 
the Pharmacopoeial specifications. This 
means additional cost to make the oil accept- 
able. Fortunately, there are other species, 
such as E, polybractea, E. cneorifolia, E, 
australiana, E, viridis, E. odorata and E, 
smithii, which yield U to 4 times the amount 
of the oil obtainable from E, globulus, the oil 
containing 70 to 85 per cent, of cineole. 
Except E, australiana and E, smithii which 
are trees, all these species have a shrubby 
growth and the collection of leaves from 
these mallees is easier. Indeed, the bulk of 
Australian cineole-rich oils is at present 
distilled from these mallees, and is up to 
the B.P. standard. The Indian Pharma- 
copoeial List Committee have, however, 
recognized a cineole content of 55 per cent. 
This is probably because the Indian oil 
normally does not contain a higher per- 
centage of cineole, but it should not be 
forgotten that in the field of medicine the 
public arc entitled to the best. Attempts 
should, therefore, be made to cultivate 
suitable species in the country so as to 
produce oil of present B.P. quality. It is, 
therefore, recommended that the mallees 
E, polybractea, E, cneorifolia, E, viridis, and 
E, odorata, especially the first-mentioned, 
should be introduced into India. These 
mallee oils further contain a constituent, 
aromadendral ( cuminaldehyde, phellandral, 
and /-cryptone), which is reported to pos- 
sess 5 to 6 times the bactericidal value of 
cineole. 

The essential oil from E. dives ( type ) 
contains 40 to 50 per cent, piperitone, which 
is easily convertible into menthol and thymol. 
The cultivation of this species in India is, 
therefore, recommended. 

2. Perfumery oils : These are the oils in 
which acetic ester of geraniol, usually asso- 
ciated with the free alcohol, is present. E, 
macarthuri is the best source of geranyl 
acetate which is present in the oil to an 
extent of 70 per cent. This is found both 
in the leaf and bark oil. 
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Citronellal is another constituent which is 
valuable in perfumery. The oil of E, citrio- 
dora consists almost wholly of citronellal 
( up to 85 per cent.). 

Citral occurs in the oil of a few species, and 
E. staigeriana yields a lemon-scented oil 
containing about 16 per Cent, of this impor- 
tant constituent. 

All these three species should be cultivated 
in India. 

3. Phellandrene oils are used for industrial 
purposes, such as ore flotation, prevention 
of scales in steam boilers or motor cars, 


and as a general solvent for paints and 
varnishes, resins, waxes, and certain 
cellulose lacquers. For these purposes 
cultivation of species like £. pheU 
landra and £. dives var. "'A'' are recom- 
mended. 

According to Kolachov ( vide Anon., 1942. 
Perfum. essent. Oil Rec,, 33 : 130 ), Australia 
and Russia use phellandrene as an antiknock 
agent in gasoline. Penfold (1949. Private 
communication ), however, informs us that the 
antiknock properties of phellandrene have 
not been sustained. 
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Stabilizers for Fats Used in Baking 


D. C. DHAR & J. S. AGGARWAL 
Chemical Laboratories, C.S.LR., Delhi 


F at is an essential ingredient of most 
classes of baked goods. It plays an 
important role in the development of 
flavour and in determining the phy- 
sical structure of the product. The amount 
of fat in baked products varies from 3 to 
50 per cent and as they are usually packed 
in containers which do not protect them 
from air, there is a possibility of the fat 
turning rancid. The problem of fat stability 
in baked goods is quite distinct from the 
stability of fats in their original form. Very 
little correlation between the keeping qua- 
lities of different fats and the stability of 
baked products made from the same fats 
has been found to exist. Thus Triebold, 
Webb and Rudy^ found that rancid lards 
produced crackers of better keeping quality 
than did lards of good quality. 

Bohn and Olson^ observed that the 
stability of crackers decreased with the 
increase in the unsaturation of fats. This 
effect has been attributed to the destruction 
of anti-oxidants in baking. Mckinney and 
Bailey^ found that biscuits made with 
hydrogenated lard are nearly as stable as 
those prepared from hydrogenated oil al- 
though the concentration of natural anti- 
oxidants in lard is much lower than that 
in vegetable oils. 

Besides factors such as baking temperature, 
ingredients, metallic contamination during 
baking, moisture content and condition of 
storage, the nature and quality of fat are 
important factors determining the stability 
of baked goods. Animal fats such as lard 
and tallow are seldom used in Indian bakeries. 
Hydrogenated vegetable oils ( Vanaspati), 
clarified butter [ghee), coconut oil and 
vegetable oil shortening are generally em- 
ployed. The natural anti-oxidants present 
in oils and butter are largely eliminated 


during the refining and hydrogenation pro- 
cesses, and even if present, they are in- 
activated during baking. It is necessary, 
therefore, to stabilize the fats by anti-oxidants 
which are stable under the conditions 
obtaining in the baking process. 

The comparative merits of a series of non- 
toxic anti-oxidants which may find applica- 
tion in the baking industry in India have 
been studied in these laboratories as a 
preliminary to the study of fat stability 
during the baking process. The fats were 
subjected to “ swift stability test with 
and without additives and the acid and 
peroxide values ( Wheeler’s method^ ) of the 
resulting products examined. The additives 
which are found effective as a result of 
these tests will be selected for further study 
under actual baking conditions. 

Experimental 

The fats were examined and their charac- 
teristics are given in Table I. 


TABLE I 


F.\t 

Ac in 

VALc i; 

Saponifica- 
tion VALUE 

Iodine 

value 

^'anaspati I 

0 • OH 

188-7 

85 • a 

Vanaspati 11 

b-3r> 

lt)0-0 

«2-4 

Ghcc 

:> • 80 

24r>-3 

32-2 

Vegetable oil shortening 

0 ■ r>ii 

180-rt 

16-4 

Coconut oil 

()()7 

241) -7 

8*1 


The swift stability test ” on the fats 
was carried out as follow^s : 20 gm. of the fat 
were taken in each of 6 test tubes ( T'xS" ) 
and immersed in a thermostat at 210''F. 
Air washed with potassium permanganate 
solution was bubbled through the fat in 
each of the test tubes at the rate of 2*33 cc. 
per second. The acid value, peroxide value 
and smell were determined at noted intervals. 
The results obtained ate given in Table II 
(Fig. 1). 
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TABLE II 

SUSCEPTIBILITY 

OXIDATION 

OF FATS 

TO 


Fat 

Aeration 
TIME, HR. 

Acid 

VAI.OE 

Peroxide 

VALUE 

Smell 

1. 

Vanaspati I 

0 


1-20 

(lood 



1 •.*> 

2 • (W) 

H-40 

( i<H>(l 



2* r> 

0-41 

414 

(iood 




0 2« 

0-24 

(Vood 


Vanaspati 11 

.■> • 

()-3r» 

J8-50 

(lood 


0 


o-7a 

(iood 



1 5 

o-4r> 

.5 • 80 

('lOod 



2 • r> 

U-42 

10-00 

(lood 


- 

■ :» 

U VA 

42-80 

Slightly 

ranrid 



.*> • .■» 

1 • :»« 

m ■ :io 

Kaiu'id 


Ghcc 


5 • MO 

0-28 

(lood 



ir> 

.•)-24 

8 • 2:i 

C.ood 



2‘r> 

.')• 17 

20 ■ S 

Slightly 

raiirid 


,, 

;c:» 

♦>•21 

44 • 50 

Kaiirid 

4. 

VfRctable oil 

• 5 

JO- 10 

80- H) 

Kanrid 


shortrning 

0 

0-.'>2 

1 • :io 

(lood 



1 •:> 

o;jo 

1-00 

(looil 



2 • 5 

0-04 

2-10 

(lood 



'A ■ :» 

0-40 

:i-oi 

( lood 



.*» • o 

I - no 

0 • 82 

(lood 

5. 

Cocoiiiil oil 

0 

0 07 

0-07 

( lood 



15 

4-08 

0-10 

(lood 



2’ 5 

M-tKi 

0 10 

(lood 



'} ■ 

2-0 

0 42 

(lood 


” 

.5 • 5 

1 -ti 

0-78 

(lood 


The effect of adding anti-oxidants was 
next studied. All the anti-oxidants, excej)! 
N.D.G.'A. ( nordihydroguairetic acid), were 
incorporated in the fats by direct addition 
with gentle warming and stirring. N.D.G.A. 
{ OT gm.) was dissolve^d in 10 gin. of refined 
groundnut oil and an aliquot of the solution 
incorporated into the fat. The results 
obtained are given in Tables IlI-VI. As 
coconut oil keeps well as such, no attempt 
was made to study the effect of anti- 
oxidants on its stability. 


TABLE III VANASPATl I 



A NTl-OXIUANT 

Aeration 

Acid 

Peroxide 



TIME, HR. 

\ ALUE 

vali;k 

1. 


nil 

(1(1 

1 2 

2. 



(1-2 

i)-2 

3. 

Alcoholic extract of 

A • 5 

0-2 

8-‘) 


ants seed ( solid 
) 




4. 

Sesame secvl powder 

:vr> 

(1-2 

7-3 


(0-1% ) 




r>. 

Kgg lecithin ( 0 - P‘o ) 

• .5 

0 1 

7 - 5 

0. 

.Soya-bean lecithin 

3-5 

(1-3 

7 • 2 


( 0-1% ) 




7. 

Kamala dye ( 0-1% ) 

3 • 

nil 

8-1 

8. 

Kamala dye ( 0-1% ) 

3-5 

0-3 

7 4 


-f tartaric acid 
( 0-02% ) 




9. 

Kamala dye { 0-l®o ) 

3-5 

()1 

7-7 


-4- citric acid 





(0-02%) 




10. 

N.D.G.A, (0*01% ) 

3-5 

()1 

0*0 

11. 

N.D.G.A. (0-01%) 

3-5 

0-2 

81 


-f- citric acid 
(0-02%) 




12. 

Wheat germ oil 

3-5 

0-2 

8-5 


(0-1%) 




13. 

Wheat germ oil 

3-5 

01 

1*4 


{ 0; 1 ‘Jo ) + (citric 





acid ( 0-02% ) 


TABLE IV 

VANASPATI II 


Antioxidant Aeration 

Acid 

Peroxide 

time, hr. 

A’ALUE 

value 

1. 

nil 

0-3 

0-7 

2. 

.3 ■ 5 

0-4 

42-8 

3. Ahaiholic extract of 
anis seed { solid 
0-1% ) 

3 • .5 

0-1 

27 0 

4. Sesame seed powder 
(Ovl".. ) 

3 • 5 

0-1 

24-0 

5. Oat powder ( 0 • 1 ) 

3 • 5 

0-2 

18-0 

(1. Egg leeithin (0 ■ I "o ) 

3 • 5 

0-1 

10-2 

7. Sova-bean lecitliin 

■( 01% ) 

3 • 5 

0-5 

KrO 

8. Kamala dve ( 0-1 "o ) 

3 • 5 

0-2 

.33-0 

0. Kamala dye ( (M ) 

• tartarii- acid 
((1-02% ) 

3 - 5 

0-2 

32-0 

10. Kamala dye (01 ) 

1 citric acid 
( 0-02% ) 

3 • .5 

(»-3 

.32 • 8 

11. N.D.G.A. ( 0-01 “o ) 

•A • 5 

0-4 

28-2 

12. N.D.G.A. ( 0-01 “o ) 
i citric acid 
( 0-02% ) 

3 • 5 

0-1 

7-(> 

13. Wheat germ oil 
( 0-1% ) 

A • 5 

0- 1 

.31-7 

14. Citric ac id ( 0-02% ) 

3 • 5 

0-.3 

20-2 

15. Wheat germ oil 

(01",,) citric 

acid ( 0-02"„ ) 

3 • 5 

0-3 

4-8 


TABLE V 

GHEE 


.\m I-OXIDAN IS .\ E R ATI ON 

.Acid 

PlCKOXlDE 

UME'. HK. 

\ ALI K 

VALUE 

1. ... nil 

5-8 

0-3 

2. ... 3-5 

(> • 2 

43-5 

3. .Alcoholic c'xtrac't of 3-5 

an is sec'd ( solid 

0- I"o ) 

4-7 

8-5 

4. Sesame sc-d powder .3 a 
( 0-1 ) 

4-0 

7-(> 

5. l-:gg Icc ithin (0-1 ) 3 -5 

2-5 

2('> ■ 7 

(5. Sova-l)ean li-cilliiii 3-5 

( 0* l"„ ) 

5 5 

1 -0 

7. Kamala dve ( (»• I",, ) 3 -.5 

4-0 

2- 7 

S Kamala d\<* (01",,) 3-5 

t tartaric acid 

( 0-02‘’'i, ) 

4 • 5 


0 Kamala dye (01 ) 3-,*> 

f citric- acid 

( 0-02"o ) 

5-4 

“ ‘ •• 

IC. X. !).(.. A. ( 0-01 ) 3-.'> 

()• 1 

.37 • 3 

11. N.D.(..A. ( 0-01 "o ) 3 5 

t < itrie acid 
( 0-02% ) 

.3 • 8 

20-0 

12. ( itrie acid ( O-02"„ ) 3-5 

4-2 

25 • 1 

1.3. Wheat gc>rm oil .3-5 

( 0 - ) 

5 2 

30-3 

14. Wh<*at germ oil .3-5 

(0-l"o) I citric 
ac id ( 0-02"o ) 

5 • 0 

0-7 


TABLE VI — VEGETABLE OIL SHORTENING 


•Amioxidant .Ai 

RATION 

.A C I D 

I'EROXIDE 

TIME, HK. 

\ AH E 

\'AEUE 

1. 

nil 

0-5 

1-3 

2. 

3 • 5 

0 4 

.3-0 

3. Kgg Ic-cithin ( 0- 1 ) 

3 • 5 

0 3 

2 • 7 

4. Sova-bean lecithin 

(0-1% ) 

3 5 

0-3 

1-5 

5. Kamala dye ( 0- l‘'o ) 

3-5 

0-3 

2- 1 

0. Kamala dye ( 0 - U'u ) 

( tartaric acid 
( 0-02% ) 

3-5 

0-4 

1-3 

7. Kamala dye (01%) 

% citric- acid 
( 0-02?o ) 

3-5 

1-3 

1-4 

8. N.D.G.A. ( 0-01"o ) 

3-5 

0 5 

2-3 

». N.D.G.A. (0-t)l‘J(, ) 

-K citric acid 
( 0-02% ) 

3-5 

1-1 

1-3 

10. Wheat germ oil 
(0-1% ) 

3-5 

0-4 

1*7 

11. Citric acid {0 02% ) 

3-;> 

1-2 

1*8 

12. Wheat germ oil 

(01%,) + citric 
acid (0-02% ) 

3-5 

0-3 

1-7 
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Discussion 

From the data in Table II it will be seen 
that aeration affects the acid values of 
different fats to varying extents, while the 
peroxide values increase continuously during 
the aeration period. This is in accordance 
with the finding of Kaloyereas®. The })er- 
oxide value has, therefore, been taken as a 
measure of rancidity in this investigation. 
The fact that the })eroxide value after 5.1 
hours’ aeration of Vanaspati II increased 
much more than that of Vayiaspati /, although 
the iodine value of the former was less than 






/ 







-- 



— 

— 





-- 


— 

— 





















1 





t Z 3 A S £ 7 

TIME H HOURS 

Fig. 1 — A comparison f)F tuk raik of 

OXIDATION OF F1\'K FATS SFLFCTFD FOR 
TESTS. 



® I Z 9 A S 

TIME 91 HOURS 

I'lG, 3 - (.'hangf of peroxide value of 

PAIT 11 WITH SO.MK iCFMCCTlVK 
ANTI -OXIDANTS. 




VM£ tN HOURS 

IG. 2 Change of peroxide value of vanas- 
PATI I WITH some effective ANTI-OXIDANTS. 


Fig. 4 Change of peroxide vai.ue of ghei 
WITH some effective ANTI-OXIDANTS. 
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that of the latter, goes to show that besides 
iodine value, other factors such as the fatty 
acid composition and the pre-treatment of 
the fat also influence the development of 
rancidity. 

Five anti-oxidants have been selected for 
further tests as a result of the investigation. 
They are : 

1. Wheat germ oil (0T%) citric acid 

< 0 - 02 %). 

2. N.D.G.A. (0*01%) + citric acid 

( 0 - 02 %). 

3. Soya-bean lecithin ( 0-01% ). 

4. Kamala dye (0T%) -f tartaric acid 

( 0 - 02 %). 

5. Kamala dye (0T%) -f citric acid 
( 0 - 02 % ). 

The order of their effectiveness against 
Vanaspati I and //, f^hee and vegetable oil 
shortening are recorded in Table VII. The 
changes in peroxide values of the fats as a 
result of aeration in presence of the selected 
anti-oxidants are represented in Figs. 2-5. 


TABLE VII 

Order of effectiveness 


Vanaspati I 

(1) 

(2) 

(3) 

Vanaspati 11 

(1) 

(2) 

(3) 

Crhee 

(1) 

(3) 

(0 

Vegetable oil shortening 

1 n r- 1 

(2) 

(4) 

T 1 1 1 

(0 




I 

I ** 





Fig. 5 — Change of peroxide value of 

VEGETABLE OIL SHORTENING WITH 
N.D.G.A. -h CITRIC ACID. 


From the above it will be seen that wheat 
germ oil is the most effective anti-oxidant 
for vanaspati products and ghee, N.D.G.A. 
and soya-bean lecithin follow wheat germ oil 
in their effectiveness. Kamala dye has been 
found quite effective for ghee and vegetable 
oil shortening. As a matter of fact, vege- 
table oil shortening can be protected equally 
well by N.D.G.A., kamala dye and wheat 
germ oil with various synergists. This 
may be due to the different constitution of 
the shortening as compared to natural fats. 
If the colour of the kamala dye is not objec- 
tionable, it can be employed as an effective 
anti-oxidant for these fats. All the anti- 
oxidants except soya-bean lecithin have to 
be reinforced by synergists such as citric 
and tartaric acids. 

From Fig. 1 it will be clear that there is 
little increase in the peroxide value of 
coconut oil after 5J hours’ aeration. The 
increase is very slight in the case of vegetable 
oil shortening. This is due to the very low 
iodine values of these two products. The 
peroxide value of ghee increases rapidly 
after the initial 1| hours period. In the case 
of the two vanaspati products an increase 
is obtained only after 2\ hours. Vanaspati 
products are refined fats, and are sometimes 
protected by anti-oxidants before they leave 
the factories. 
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A Gene - Determining 
Growth Rate in Yeast 


M. K. SUBRAMANIAM & B. RANGANATHAN 

Department of General Chemistry, Indian Institute 
of Science, Bangalore 


T he essential criterion for the selection 
of a suitable strain for compressed 
yeast manufacture is the growth 
rate. Is it possible to plan a breed- 
ing programme for continuous improve- 
ment ? Necessarily, the method of approach 
for production of improved strains for 
compressed yeast should be different from 
that for brewing and distillery industries. 
No programme of investigations could be 
planned on the basis of published work on 
yeasts. Is the growth rate of a strain 
determined by specific genes or by parti- 
cular chromosomal or genic constitution ? 
The genetical investigations on yeast by 
Winge^ and Lindegren^ were with strains 
whose chromosome numbers were unknown. 
The demonstration of polyploidy in yeast^*^ 
has invalidated some of the assumptions of 
the earlier investigators. The terms ha- 
ploid ” and “ diploid ” that one comes across 
in the literature on yeasts have no relation 
to the actual chromosome constitution, 
since the hapiloid ” of an autotetraploid is 
really a diploid. Any conclusion based on 
the assumption that all haploids ” have 
only one set of genes are necessarily inexact. 
It appears, therefore, that the earlier in- 
vestigators had no criteria to distinguish 
between chromosomal and gene muta- 
tions. 

Investigations in this laboratory indicated 
that the viability and growth rates of the 
various mutants differed from season to 
season^, that even strains homo- and hetero- 
zygous for the same allele show differences 
under the same environmental conditions®, 
and that doubling of the chromosomes 
results in a shortening of the generation 
time and the complete suppression of the 
second cycle of growth*^. These investiga- 
tions never gave an idea that growth rate 
may be determined by specific genes. The 
discovery that such growth genes exist was, 
therefore, of considerable significance. 


Observations 

In March 1947 when the control strain, 
BYl, was exposed to a mercury arc for an 
hour at a distance of 90 cm., the resultant 
colony showed some peculiar sectors (Fig. 

la ) . Though these sectors had an identical 
type of sculpturing as the main colony, their 
shape indicated that the cells composing 
them ought to have a very high growth 
rate. There is a sea.sonal change in the 
characteristics of the giant colony of the 
control and in July 1947 the outer half of 
the colony had a rough sculpturing (Fig. 

lb ) . Active cells from the above culture, 
kept at the same distance as before, were 
exposed to a mercury arc for 3 hours, and a 
colony was grown from the treated culture. 
From the appearance of the colony illus- 
trated in Fig. Ic, ultra-violet light seems to 
have induced two changes. Irradiation had 
induced tetraploidy and produced a mutation 
in the cell resulting in the production of 
colonies having a completely rough surface* 
On the basis of evidence from spontaneous 
reverse mutations it was surmised that the 
Rough I type (Fig. lb) should be heterozy- 
gous for the rough allele, having the genic 
constitution, rough /smooth. In a previous 
contribution® a reverse mutation to the 
entirely smooth condition by irradiation was 
demonstrated. Fig. Ic indicates a change 
to the completely rough type. It is reason- 
able to conclude that the following changes 
should have occurred. 

1. Rough j Rough-^Uat3it\on-^Syru\^th 

7 I Smooth ► Smooth ' a & b ) 

2. Rough f Rough— ^ Rough Rough II 

1 \Smooth- Mutdit\on^ Rough J ( Fig. Ic.) 

Trom the shape of the sector it would be 
evident that the tetraploid has a higher 
growth rate than the rest of the cells of 
the colony. A comparison of the sectors in 
Figs, la and Ic would indicate that the 
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sector in the former has a much higher 
growth rate than the tetraploid itself. The 
sculpturing in the sector in Fig. la was 
identical with that of the main colony and 
hence it was concluded that the increased 
growth rate may be gene determined. 

After exposure of the active 1 type 

of cells (Fig. lb) of the control to a mercury 
arc for 4 hours, the treated culture was 
grown for 24 hours in wort and then plated. 

9 ty|)es were selected from the plates and 
these have been under constant observation 
for the past 8 months. Among these, only the 
strain BYT 2 has repeatedly given rise to 
sectors similar to that illustrated in Fig. la. 
The scul])turing of the sectors may be iden- 
tical with that of the colony (FKt. la) or may 
be different. In Fig. Id it would be observed 
that the sector has a different appearance. 

hTom obser\’ations on a continuous series 
of giant ('olonies of the above strain, it 
apj)ears that tlie mutation producing a 
rapidh^ growing sector lias no relation to 
the nature of sculpturing of the colony. In 
fact, the evidence indicates that independent 
mutations arc occurring at two different loci. 
It has, however, not been j)ossible to dis- 
tinguish between the. homo- and heterozygous 
expressions of this gene. The strain BYU2, 
like the control BY 1 , shows a seasonal 
variation in the characteristics of its giant 
colonies when grown at room temperature. 
In September-October 1947, when spon- 
taneous reverse mutations were first observed 
in the control, the colony of BYU2 had the 
appearance illustrated in Fig. le. That 
irradiation had jiroduced a genic change 
would be evident from the different character- 
istics of the colonies illustrated in Fig. lb, 
Ic and le. In Novcmber-December a new 
allele was observed (Fig. If) which was suc- 
ceeded by the smooth types in January 1948 
(Fig. 2a and 2b). In April-May- June 1948 
when the control began to change from the 
smooth to the rou^h type, similar changes 


Fig. 1 — (a) Control, BYl, grown in 

BARLEY-MALT-AG.\R AFTER EXPOSURE FOR 1 HOUR 
TO A MERCURY ARC ; 3()-l)AY GROWTH, 3 7 CM. 

{b) BYl, Rouf'h 1 type: of colony ; 16-I)AY growth, 
3T CM. (c) Control, grown in barley-malt-agar 
after exposure for 3 hours to a mercury arc ; 
y-DAY GROWTH, 25 CM., J ULY 20, 1947. (<!) BY I 2 
GROWN IN RAGI-MALT-AGAR ; 20-DAY GROWTH, 2 6 
CM., May 25, 1948. (e) BYiJ2 grown in RAGI 7 

MALT-AGAR ; 14-DAY GROWTH, 3’7 CM., OcT. 10, 
1947. (f) BYU2 GROWN in ragi-malt-agar, 25‘‘Day 
GROWTH, 2*5 CM., Dec. 10, 1947, 


were observed in BYU2. While the main, 
colony (Fig. Id) was smooth, the sector had 
v^in-like sculpturing. 

A sample from the sector was inoculated 
into a tube of wort, and a fresh giant colony 
grown from the above had the appearance 
illustrated in Fig. 2c. The general ~ appear- 
ance of the colony was similar to that il- 
lustrated in Fig. la. This particular mutant 
was succeeded by a more stable one having 
a pronounced vein-like sculpturing (Fig. 2d). 
The curious fact was that the control during 
the same period gav e rise to colonies ( Fig. 2e ) 
indistinguishable from the above on tlu same 
type of medium. 

Discussion 

From the observations detailed above it 
would be apparent that mutations are 
occurring at two loci independent of one 
another. While the mutation producing a 
cell possessing a high growth rate is an 
isolated phenomenon, the locus determining 
the nature of sculpturing of the colony 
seems to be highly mutable. Thus it is 
po.ssible to get .strains having identical 
colony appearance, but widely differing in 
their growth rate. 

Is the growth gene mutating to a hyper- 
morphic state ? Timofeef-Kessovsky^ seems 
to have demonstrated such a possibility* 
from X-ray ex{x.'.riments. Mutations in the 
positive direction are very rare. Muller^®, 
states: “As for the question, why further 
‘ positive ’ steps beyond the normal are not 
observed — from normal to ‘ hyperrnorphic ' 
type, i.e. one showing opposite deviation 
from that of the ordinary mutant — the 
answer is that such changes doubtless do 
occur, too, perhaps with a frequency similar 
to that of the reverse mutations involving 
origination of the normal itself from a hyper- 
morphic mutant, but they could seldom be 
observT'd “. Since the terms “hypo-” and 
“ hyper morphs ” are used with reference 
to the standard wild type, any assertion 
that the extraordinarily high rate of growth 
of the mutant BYV2S is a mutation in the 
positive direction, would be justifiable only 
if we know what exactly is the behaviour 
of the standard wild type growth gene. 
There appears to be another complicating 
factor also. The dominance of any gene 
has been shown to depend on the genotypic 
background The genes in domestic 

fowls, which are dominant over the wild 
type allelomorphs, become recessive vvheiji 
transferred to a wild genotypic miKeu, 
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Since we do not know the original history 
of the control strain, BYl itself, it would 
be hazardous to identify any particular 
type as the standard. 

The isolation of a new strain with a shorter 
generation time naturally raises the question 
whether further improvement in its per- 
formance could be effected. The obvious 
mode of approach is to induce tetraploidy 
with acenaphthene. When the tetraploid iso- 
lated after treatment of the control with 
acenaphthene has a shorter generation time’ 
the doubling of the chromosomes in the 
strain, BYU2S, should produce a new one 
having a very high growth rate. The 
tetraploids studied in this laboratory show 
improvement over the control in several 
directions The most important fact, 

however, is that doubling the chromosomes 
and hence the gene dosage is conducive to 
stability in the vegetative condition since 
mutations of any one of the genes would 
not usually find any phenotypic expression 
at all. 

How far these expectations would be 
realized can be judged, only by future ex- 
periments. 

Summary 

1 . Growth genes appear to exist in yeasts. 

2. A giant colony grown from a culture 
exposed to a mercury arc for an hour 
showed some peculiar sectors. The shape 
of these sectors indicated that the cells 
composing them ought to have a high 
growth rate. A comparison showed that the 


Fig. 2 — (a) BYU2 grown in ragi-malt- 
AGAR, 1 S-DAY GROWTH, 2*4 CM., JaN. 7, 1948. (b) 

BVf/J GROWN IN RAGI-MALT-AGAR, 15-I)AY growth, 
2 6 CM., Jan. 5, 1948. (c) BYU2S grown in ragi- 

malt-agar, 11-day growth, 1-8 cm., June 5, 1948. 
(d) BYU2S grown in ragi-malt-agar, 12-day 
growth, 3 2 CM., July 2, 1948. (e) Control, B Y/, 
isolated on Dec. 14, 1945 ; grown in ragi- 
malt-agar, 14 DAY GROWTH, 3 3. CM., ApRIL 29, 
1948. 


new type of sectors had a higher growth 
rate than even the tetraploid. 

3. Spontaneous and periodic appearance of 
such sectors was observed in a strain, 
BY f72, isolated after 4 hours’ ultra-violet 
irradiation. 

4. The sculpturing of the new sectors 
may be identical with that of the colony 
or may be different. 

5. The seasonal changes in the sculpturing 
of the giant colonies of the rapidly growing 
strain are illustrated. 

6. It is possible to get strains having 
identical colony appearance but idely 
differing in their growth rate. 

7. Doubling of the chromosomes should 
improve not only the stability but also the 
growth rate. 
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Experiments in Mineral Khaki— Part III 


S. V. BHENDE & S. R. RAMACHANDRAN 
Department of Chemical Technology, University , of Bombay 


T he present study relates to the effect 
of pre-treatment and after-treatment 
of the processed material, on the 
final shade and fastness properties of 
mineral khaki. In the pre-treatment, the 
material originally scoured was subjected 
to the action of: wetting-out and swelling 
agents and also of detergents. The after- 
treatments consisted of subjecting the ma- 
terial to pressure boil in a small kier and 
scouring for definite periods with such 
agents as sodium silicate, which form com- 
plex silicates of *chromiun;i and iron. The 
treated fabrics were expected to show 
superior fastness properties. 

In view of the difference in shade and feel 
and the varying fastness properties of dyed 
samples it was of interest to subject them 
to a microscopic study. The study would 
throw light on the nature of deposition of 
the pigment on individual fibres, and pro- 
vide data on the penetration of the pigment 
particles inside the body of the fibre. Ob- 
servations were made with a high power 
microscope and photomicrographs* were 
taken. A study of the samples under 
polarized light was also carried out with a 
view to obtaining information as regards 
absorption by fibres of heavy metals from 
solutions of their salts (Fig. 1 ). 

Experimental 

A study was made of dyed samples de- 
veloped in a caustic soda bath containing 

*The utility of photomicrographs for assessing the 
penetration of dyes, into the body of textile fibres 
has been referred to hy VxKi^ion, Modern Textile 
Microscopy, pp. 88 and 212. 


variouss welling agents. The swelling agents 
employed were sodium zincate, Triton B 
and cuprammonium hydroxide. 

L Sodium Zincate^ — That the swelling 
action of caustic soda on cotton could be 
increased by a solution of zinc oxide in 
alkali was observed by Mercer as long back 
as 1851, and was later utilized by Davidson^. 

The scoured drill was impregnated with 
a solution containing 10 per cent reduced 
dichromate and 2 per cent ferrous sulphate 
and the dried fabric was then developed in 
25 per cent cold caustic soda, the develop- 
ing bath containing 2, 5, 10 and 15 per cent 
sodium zincate on volume basis. The 
developed fabric was then dried, steamed 
and washed as usual. The samples obtained 
were then studied. 

From Table I it would be noted that the 
samples had practically no lustre, had 
rough metallic feel and were neither uni- 
form nor clear. As regards handle, they 
were similar to those obtained without the 
use of swelling agents. Though the 2 per 
cent sample was greener than the one 
without the swelling agent in the develop- 
ing ;,bath, with increase of sodium zincate 
the tone changed to the brownish side. 

From a study of fastness properties it will 
be noted that the samples had the same fast- 
ness to light, washing, rubbing and perspira- 
tion as before, but the 10 per cent and 15 
per cent sodium zincate samples showed a 
slight deterioration towards perspiration. 

2. Cuprammonium Hydroxide — The effect 
of cuprammonium hydroxide on cellulose was 
discovered by Mercer and Schweitzer^ who 
observed that swelling generally preceded 


TABLE I — SODIUM ZINCATE AS SWELLING AGENT 


CoNCN. Shade 

OF 

SODIUM 

ZINCATE 

0 / ■ 

/o 

2 Greenish 

l^haki 

6 Loss of green 

10 
15 


Lustre Feel 

& AND 

BRIGHTNESS HANDLE 


Very little Metallic 
rough, 
fuller 


II II 


Appear- 

ance 


Not clear 
and 

uniform 


Tintometer readings Fastness 


Red 

Yellow 

Blue 

Washing 

Perspira- 

tion 

Light 

Rubbing 

1-4 

31 

2-4 

5 

3 

8 

6 

1-6 

3-2 

2-4 

5 

3 

8 

5 

1-5 

3-2 

2-4 

5 , 

2 

8 

5 

1-6 

3-2 

2-4 

5 

2 

8 

5 
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solution. The relationship between the 
swelling of cotton and the concentration of 
cuprammonium hydroxide as measured by 
its copper number was demonstrated by 
Brown satt, Farrow and Neale^. A solution 
containing less than 0-25 per cent copper 
had no appreciable swelling effect. 

Cuprammonium hydroxide was prepared 
according to Clibbens and Geake^. Different 
amounts of the solution were added to the 
25 per cent cold caustic soda developing 
bath on volume basis. The samples ob- 
tained were then studied. 

From a perusal of Table II it would be 
noticed that with increase in copper con- 
tent, the greenish tone became predominant. 
All the 3 samples showed distinct lustre and 
had marked clarity and uniformity of 
shade. The fabric had a slight metallic 
rough feel and exhibited a fullness of feel, 
irrespective of the copper content in the 
developing bath. The samples had the same 



White undyed X 220. 



general fastness to washing, light and rubbing 
as before, but the perspiration fastness of all 
the 3 samples showed considerable deteriora- 
tion. 

J. Triton — This is one of the recently 
synthesized quaternary ammonium com- 
pounds and is capable of swelling cellulose 
to such an extent as to give a clear viscous 
solution. Triton B is trimethyl benzoylam- 
monium hydroxide and is generally available 
as 30 per cent solution below which it does 
not dissolve cotton cellulose at room tem- 
perature. 

The impregnated material was de\ loped 
in baths containing varying amounts of 
Triton B ( 2, 5 and 10 per cent on volume 
basis of the developing bath ). 

From a study of Table III it will be 
noticed that all the 3 samples were deeper 
in shade than the one without Triton B, 
and that with increase of Triton B the tone 
slightly went over to the brownish side. 



Khaki dyed x 220. 



White undyed x 400. 


Fig. 1 


Khaki dyed x 400. 
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The lustre, feel and handle and clarity of 
the fabric were unaffected by the increase, 
except that the fabric became full with 
increasing quantity of Triton B. The dye- 
ings were characterized by lack of uniformity. 
The general fastness of all the 3 samples to 
washing, perspiration, light and rubbing 
was the same, irrespective of the Triton B 
content ( Table III ). The washing fastness 
slightly improved, while the rubbing fast- 
ness decreased when compared to the sam- 
ple with no swelling agents in the developing 
bath. The light and perspiration fastness 
remained unaffected ( the former being 
excellent, the latter very poor ). 

Effect of Pre-treatment on Dyeing — Through- 
out the series of experiments described 
earlier, the grey drill was given only a 
scouring treatment in the rope form. To 
study the effect of pre -treatment, the boiled 
drill was given i the following additional 
pre-treatments prior to dyeing : 

The pre-treatments were given on a small 
jigger of 3-gallon capacity and the fabric 
was worked in it in open width in the follow- 
ing solutions : (1) containing 2 per cent 

caustic soda on volume basis at boil for 
1 hr. It was then washed free from alkali 
by hot and cold water, and later with 0*25 
per cent acetic acid ( 30 per cent ) to remove 


any trace of alkali, washed and then dried ; 

(2) containing 2 per cent caustic soda and 
5 per cent sodium zincate on volume at boil 
for 1 hr. It was then treated as in (1) ; 

(3) containing 2 per cent caustic soda and 

1 per cent Isapol Brilliant Oil ( I.C.I.) 
( sulphonated ricinoleic acid containing op- 
timum quantities of pine oil ) on volume at 
boil for 1 hr. It was then treated as in 
(1) ; (4) containing 2 per cent caustic soda 
and 1 per cent Aerosol OT which is a powerful 
wetting agent ( Carbide & Carbon Chemicals 
Corporation ) on volume at boil for 1 hr. 
It was then treated as in (1) ; (5) containing 

2 per cent caustic soda and 1 per cent Triton 
B on volume for 15 min. at room tem- 
perature. It was then treated as in (1) ; 
(6) the fabric was treated exactly as above, 
but treatment was carried out at boil, 
instead of at the room temperature. 

All the differently pre-treated fabrics 
were then stitched together and processed 
in the manner described earlier. 

From a study of Table IV it would be 
noted that a pre-treatment in open width 
considerably influenced the final shade 
produced. There was a marked increase 
in the total depth of shade in each case, 
and on the whole there was a tendency 
towards a khaki shade. This was in accord- 


TABLE II — GUPRAMMONIUM HYDROXIDE AS SWELLING AGENT 


CoNCN. Shade 

^ , 

Cupram. Cti 

0/ o/ 

/o /o 

2 0-03 Green 

khaki 


5 0 075 Greener 

15 0*225 


Lustre & 

BRIGHTNESS 


Very 

lustrous 


Feel & Appearance Shade Fastness 

HANDLE , > , :: ^ 




Red 

Yellow 

Blue 

Wash- 

Perspi- 

Light 

Rub- 






ing 

ration 

bing 

Fuller and 

Very clear 

1-3 

3*1 

2*2 

4 

2 

8 

5 

slightly 

and 








metallic 

rough 

uniform 

1*3 

3*3 

2*2 

4 

2 

8 

5 

,, 

,, 

1*3 

3*5 

2*4 

4 

2 

H 

5 


TABLE III — TRITON B AS SWELLING AGENT 


CoNCN. Shade 

Lustre & 

Feel & 

Appearance 


Shade 



Fastness 


or 

brightness 

HANDLE 


e 

__-A. 



^ 

K.. 

— 

- ^ 

Triton B 




Red 

Yellow 

Blue 

Wash- 

Perspi- 

Light 

Rub- 

% 







ing 

ration 


bing 

2 Khaki 

Considerable 

Full, highly 

Very deaf and 

3*5 

3*2 

2-6 

5 

3 

8 

4-5 


lustre 

metallic 

not uniform 








5 


F tiller 


1-7 

3*3 

2*6 

5 

3 

8 

4-5 

10 

„ 


„ 

1-7 

3*3 

2*0 

5 

3 

8 

4-5 


TABLE IV — DIFFERENT PRE-TREATED DYEINGS 


No. Shade 

Lustre & 

Feel & 

Appearance 


Shade 



Fastness 



brightness 

handle 


, 

A, 

^ 

^ 

A. 


A 





Red 

Yellow 

Blue 

Wash- 

Perspi- 

Light 

Rub- 








ing 

ration 


bing 

1 Khaki 

Considerable 

Soft, fuller 

Clear 

1-0 

3*8 

2-4 

5 

3 

8. 

5 


lustre 










2 „ 


Metallic, fuller 


1-0 

3*8 

2*4 

2 

2-8 

8 

5 

8 Deep khaki 


Rough, fuller 


2*0 

4*2 

2 4 

5 

3-4 

8 

5 

4 ^ Khaki 


.Metallic, fuller 

Clear, uniform 

1-8 

3*H 

2 2 

5 

3 

8 

5 

5 Light khaki 


Rough, fuller 


1-5 

3*4 

2*1 

* 5 

3 

8 

5 

6 Deep khaki 


Soft, fuller 


1*8 

3*5 

2*1 

5 

3 

8 

5 
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ance with the tintometer readings. All 
the samples showed considerably increased 
lustre and clarity of shade. The uniformity 
in general was good but was more pro- 
nounced with treatment 4. The pre-treat- 
ments 1 and 6 gave a fabric having a com- 
paratively softer feel, while the others gave 
a metallic rough feel. All the samples were 
quite full to handle. The dyeings also 
were of good all-round fastness ( Table IV ). 

Effects of After-treatment — The mineral 
khaki samples were submitted to the follow- 
ing after-treatments : (1) the dyed samples 
were subjected to a simple water-boil in a 
kier described by Dhingra, Uppal and 
Venkataraman’ under a pressure of 30 lb./ 
sq. in. for 3 hr. For this purpose the ex- 
perimental kier was loaded with 5 lb. 
bleached yarn and dyed samples were sand- 
witched in between the yarn, a material- 
liquor ratio of 1:4 being maintained ; 


(2) after-treated with 0*8 per cent boiling 
soap solution for 1 hr. in the open ; 

(3) worked in a 0*5 per cent solution, at boil, 
of Aerosol OT for 1 hr. ; (4) after treated 
with a 0*5 per cent solution of Turkey red 
oil ( 50 per cent fat content ) at boil for 1 
hr.; (5) a silicate after-treatment with 1*0 
per cent sodium silicate solution at boil for 
15 min. was given ; (6) after-treatment with 
1*0 per cent trisodium phosphate at boil for 
1 hr. ; (7) processed at boil in a solution 
containing 0*5 per cent soap and 0*5 per cent 
soda ash for 1 hr. 

The treatments 2 and 7 were carri* 1 out 
in the open. The after-treated samples were 
washed with cold water, dried, ironed and 
then examined. 

It will be noted from Table V that treat- 
ments 2 and 7 resulted in a loss of green. 
Treatment 3 gave a more greenish shade. 
The rest showed no change of tone. The 





TABLE V 

— AFTER-TREATED 

SAMPLES 





No. 

Shade 

Lustre & 

Appearance 

Feel & 


Shade 



Fastness 




BRK'.HTNESS 


HANDLE , 


A 

^ 

! 











Red 

Yellow 

Blue 

Wash 

Perspi- 

Light 

Rub- 









mg 

ration 


bing 


Original green- 

Mu('h lustre 

Clear 

Fuller, metallic 

1-4 

3 1 

2 3 

4 5 

3 

8 

5 


ish brown 



rough 








1 

Loss of green, 

Increase in 

Wrv clear 

Much fuller, 

1-4 

21> 

19 

;> 

4 5 

8 

5 


brownish 

lustre 


metallic 












rough 









,, 

No change 

Clear, no 

Less, fuller 

1-4 

2-9 

2 0 

5 

3-4 

8 

5 




change 

soft 








3 

,, 

,, 

,, 

More full, metal- 

1-4 

2-9 

2-2 

5 

4 

8 

5 





lie rough 








4 

,, 

Increase in 

\’ery clear 

Less full, soft 

1 -4 

2-K 

2 0 

5 

4 

8 

5 



lustre 










6 

Much greener 

Decrease in 

Loss of clarity 

Full, more 

1 3 

3 2 

2-7 

5 

4 

8 

5 



lustre 


metallic 












rough feel 








ft 

No change 

,, 

Clear, no 

More full, 

1-4 

3 1 

2 ■ 2 

5 

3 4 

8 

5 




change 

metallic 












rough 








7 

Loss of green 

No change 


No change 

1-4 

2-9 

2 0 

5 

3 

8 

5 


TABLE VI 


Sample 


Treatment 


1 White, undyed 

2 Fabric impregnated with 10% re. 

duced dichroinate, 2'’o FeSO., 
H,0 and dried 

3 Above fabric develoi>ed in cold 

caustic soda, dried ami washed 

4 Impregnated fabric as in (2) devel- 

oped and steamed 


Same as above, but with 10",', sodium 
zincate in developing bath 


6 Same as above, but with 5% cupram- 

inonium in developing bath 

7 Same as above but with 10% Triton 

B in developing bath 

H Same as f3) but developing at boil, 
airing and washing 


Ohsekvations 


Many convolutions, no swelling 
No swelling ; pale green colouration 
due to salts ; brown deposits on 
surface 

Fibres highly sw’ollen with rounding 
up ; pale yellowish shade ; clots of 
surface deposits on some fibres 
Mature fibres more swollen than in ( I ) ; 
distinct mercerized action ; pale 
yellow uniform shade with siirface 
deposits 

More swollen ; shad© lighter than (4i ; 
good uniformity ; sheath-like depo 
sits lying beside fibre ; large number 
of surface deposits 

Well swollen ; large number of surface 
deposits ; good uniformity ; mature 
fibres darker than immature 
flood swelling ; uniformity not good ; 
mattA[[e fibres darker' than irn- 
mati^ ; few surface deposits 
Shade juihter than others ; no surface 
depots ; less swelling 


Dia. 


21-2 
<■>») . «> 


2ft 7 

25 - 0 
24 '8 
23-4 


Wash- Perspi- 
ing ration 


2 :i 

3 


Light Rub- 
bing 


5 

4-5 

5 
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lustre appeared to increase by treatments 
2 and 4, while treatments 5 and 9 caused a 
decrease in lustre. The rest of the samples 
showed no change. Similarly, treatments 
2 and 4 resulted in clear shades, while 
treatment 5 resulted in loss of clarity. 
Treatments 2 and 4 gave a softer handle 
while the rest of the samples had a more or 
less metallic rough feel. 

It would be noted that the rubbing fast- 
ness and light^if^^^^ of all the samples 
were excellent ailSd In every case the washing 
fastness improved. The perspiration fast- 
ness of the original sample, which was 3, 
was considerably improved by all treatments 
except the 7, the improvement being more 
pronounced in the cases of treatments 
1, 3, 4 and 5, leading to the conclusion that 
where improved fastness to washing and 
perspiration are desired, these treatments 
could be employed with advantage. 

Microscopic Examination ot Dyed Materials 

The microscopic examination was carried 
out in 3 stages, viz. (a) whole fibre from 
several sections of yarns of warp and weft 
were examined for external and internal 
deposition of salts and penetration of the 
pigment, resulting in the variation of shades, 
both under (i) transmitted light, and (ii) pola- 
rized light ; (b) whole fibres were measured 
for comparative changes in diameter as a 
result of the swelling action of the reagents 
employed in various treatments ; (c) sections 
of yarns were cut to see how deep and how 
uniformly the pigment had penetrated the 
yarn and fibre structure. 

For the examination of the whole fibres 
as in (a) and (b), fibres were untwisted from 
equal numbers of pieces of warp and weft 
yarns ; they were mixed and mounted in 
tufts of parallelized fibres on glass slides in 
glycerine. The preparations were covered 
with a cover-glass and examined under a 
magnification of 100 dia. for (a) and 500 
dia. for (b) ; a microprojector was used for 
measuring the diameter. 100 readings were 
taken with each sample and the average 
of each noted. 

Considerable difficulty was experienced in 
obtaining and studying the cross-sections of 
the fibres. Since cotton fibres have a dia- 
meter of 20(x 30(jl in one direction and only 

2fjL to 5 {jl in the other direction, stable cross- 
sections cannot be obtained unless they are 
less than the measurement of the -smaller 
diarheter. Difficulties of cutting cross-sec- 
tions thinner than 2^ are well known. 


Cross-sectiotis obtained by the cork me- 
thod were packed together so closely that 
observations under high power are not 
practicable with transmitted light. Those 
obtained by the plate method were found 
to be unsatisfactory, as they were not sharp 
and thin. Hence the following technique 
was employed. 

A hand microtome® recommended by the 
Department of Agriculture ^ Bureau of Animal 
Husbandry, U.S.A., and which is in use in 
the Technological Laboratories of the Indian 
Central Cotton Committee, Bombay, was 
employed. It consists of a bare brass plate 
with a hole which is packed up with parallel 
tufts of yarns whose cross-sections are to 
be cut. It is provided with a swivel arm 
through which a threaded rod is so journaled 
that it is able to push the tufts of fibres 
packed in the hole to a desired distance 
(about 15 [jl ). Before the sections are cut, 
a drop of cellulose acetate solution ( 5 gm./l ) 
in acetone is applied on the surface of the 
yarn pieces showing up through the hole. 
A safety razor blade is used to cut the 
section after the thin film of cellulose acetate 
dried the surface of the yarn pieces. It is 
necessary to dry the cellulose acetate solution 
in a desiccator containing phosphorus pent- 
oxide before use. 

The cellulose acetate serves as a cementing 
substance for holding the cut cross-section 
upright and no attempt was made to 
dissolve it away. But a mounting fluid 
with the same refractive index as cellulose 
acetate was used to keep it out of view while 
the sections were being examined. Castor 
oil (A— 1*48) was used for the purpose. 

The photomicrographs taken are shown 
in Fig. 1. 

The following observations were made : 

(i) Under transmitted light, the diffusion 
of pigment inside the body of the fibre was 
fairly uniform, as shown by the uniformity 
in the colouration of the fibre and not on the 
surface only. Also, a distinct swelling of the 
fibre associated with the removal of convolu- 
tions was noticed, resulting in the fibres* 
assuming the appearance of straight smooth 
cylinders. These mercerized effects were 
common in all the khaki-dyed samples, 
varying more or less according to the treat- 
ment given. 

It was also observed that the depth of 
shade and its uniformity varied depending 
on the sample, so also its fullness. A 
striking feature of practically all the samples 
was the peculiar brownish deposits, which 
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varied in number according to the processing 
employed. Such deposits were observed 
even in the fabric impregnated with iron 
and chromium salts, but not developed, 
and it may be assumed that these deposits 
remain even after developing and washing. 

Further details of the observations are 
given in Table VI. 

(ii) Untreated cotton fibres showed, under 
polarized light, a play of brilliant and 
characteristic colours in mature and half- 
mature fibres. When the polarizer was 
rotated through a 45° angle, the immature 
fibres were extinguished. The play of 
colours in mature fibres covered practically 
the whole range of the spectrum, beginning 
with purple and going to red in fully mature 
fibres. These colours appeared as short 
bands across the fibres. In half-mature 
fibres the play of colours was restricted to 
blue, yellow and reddish orange, which 
sometimes appeared as purplish also. Thus, 
only the middle part of the spectrum was 
covered. The immature fibres remained 
distinctly colourless. 

The khaki-dyed samples also showed the 
same colour play in fully mature fibres, 
but the bands were much broader and the 
yellow and green colours were noticeably 
grimy. In half-mature fibres the play of 
colours was from blue to red to yellow to 
blue again. 

Using the quarter wave-length selenite 
plate, it was found that the colours in 
mature fibres of the khaki-dyed samples 
varied from green to yellow and green to 
blue with a purplish background, while 
half-mature fibres showed only yellow to 
blue bands. The immature fibres looked 
colourless. 

The undyed fibres under similar conditions 
showed bands of green, yellow and purple 
colours in a regular pattern while the half- 
mature fibres showed yellow and blue bands 
along the walls of the fibres. As before the 
colours in the khaki-dyed samples lacked 
brightness. 

These observations reveal that fully 
mature fibres show a maximum deposition 
of metallic salts, the half-mature fibres less 
and the immature fibres the least. The 
presence of these metallic salts leads to the 
change in shade from the brilliant colours 
in the undyed samples to rather dirty 
shades in the dyed samples. 

(iii) The measurement of fibre diameter 
in each sample was attempted using a 
microprojector and a magnification of 500. 


(Table VI). The figures indicate the 
extent of swelling caused by the treatments. 

It would be noticed from Table VI that the 
undyed fibres, which had a diameter of 
21*2[x, increased in diameter to 22-2(x on 
impregnation with iron and chromium salts. 
After-development treatments gave rise to 
considerable swelling. The swelling was 
least ( dia. 23 ) with hot development 
and highest ( dia. 27*5(x ) with cold develop- 
ment without steaming. On steaming the 
swelling decreased ( dia. 24*5[x ). 

The introduction of swelling agents in the 
cold developing bath caused consid ‘able 
swelling. The zincate sample showed maxi- 
mum swelling ( 26*7 (jl ) followed by cupram- 
monium hydroxide ( 25 -hp ) and Triton B 
( 24-8/x ). 

(iv) The cross-sections of yarns showed 
practically uniform colouration, or equal 
diffusion of the pigment inside the body of 
the fibres. The rounding up of sections 
was prominently seen with a distinct swell- 
ing, which was due to the mercerizing action 
of the treatments. These observations are 
clearly brought out by the photomicro- 
graphs of the cross-sections of dyed and 
undyed samples. 

Summary ( Part II & III ) 

7. Composition of Impregnating Bath — The 
chromium oxide contents of the samples were 
proportional to the molecular weight of the 
salt of chromium employed except in the 
case of sulphate acetate samples. The chro- 
mium acetate samples with the highest 
molecular weight gives the maximum chro- 
mium oxide content, followed by sulphate 
and acetate nitrate samples. The depths 
are also found to be proportional to the oxide 
contents. As to the iron oxide content, it 
was found that for the same amount of fer- 
rous sulphate introduced, the iron oxide 
deposited was practically the same within 
experimental limits. 

From the alkali-extractable chromium it 
would be seen that the more complex the 
chromium compound initially employed for 
padding, the greater was the alkali-ex- 
tract able chromium, indicating that it 
would be preferable to employ simple 
chromium salts. 

The attempt to get chromium as chromium 
sulphate in the impregnating bath by reduc- 
tion of dichromate showed that sugar, 
employed as a reducing agent, has inhibiting 
action on the oxide deposition and conse- 
quently gives lighter shades. 
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With increase of chromium the perspira- 
tion fastness showed a deterioration indicat- 
ing the sensitivity of the chromium oxide to 
acids whereas the increase in iron content 
caused deterioration in the rubbing fastness 
of the samples. 

The acidity of the impregnation bath had 
much to do with the final shade produced. 
If the acidity was high ( lower than pYl 3 ), 
the fabric showed tendering after dyeing, 
and on approaclttng neutrality (pYi higher 
than 4 ), the shad^ gradually showed a change 
towards the brownish side. The lustre, 
appearance or uniformity gradually de- 
creased. The p)erspiration and rubbing 
fastness deteriorated. It would be desirable 
to carry out the dyeings at pYi 3-4 in order 
to obtain a dyeing of general all-round 
fastness. 

2. Optimum Concentration of Alkali in the 
Developing Bath — Under the experimental 
conditions described, the maximum depo- 
sition of the metallic constituents was ob- 
tained by the use of 25 per cent caustic soda. 
In view of the wide variations produced in 
large-scale operations, a steady maintenance 
of alkali strength between 20 to 25 per cent 
would result in the least variation of the 
ultimate shade. 

The introduction of cuprammonium and 
sodium zincate in the developing bath, 
though giving samples with good fastness 
to light, washing and rubbing, resulted in dye- 
ings of inferior fastness to perspiration. The 
Triton B sample remained unaffected. In all 
the cases the samples developed fuller handle. 

3. Effect of Pre-treatment & After-treat- 
ment — Pre-treatment under suitable con- 
ditions is a prerequisite for the production 
of level shades. Incorporation of wet- 
ting out agents of the type of Aerosol OT 
gives a definite advantage as judged by the 
increase in depth and levelness of shade 
produced, 

4. Mechanism & Manner of Deposition — 
Chromium and iron salts which were both* 
employed as sulphates exhibited a lack of 
substantive affinity for the cotton fabric, 
as shown by the very low quantities of, the 


oxides fixed by alkali development of the 
fabric, padded through an impregnation 
bath, with high initial concentrations. 

As the mineral pigment formation is a 
simple mechanical deposition in the body 
of a fibre which lacks substantive affinity 
for these oxides, the levelness and penetra- 
tion would largely depend on mechanical 
factors such as t|ie quality of the padding 
mangle, regulated pressure, uniform dyeing, 
and so on. 

The microscopic study of khaki samples 
provide interesting data as regards penetra- 
tion of pigments into the core of the fibre. 
The degree of maturity of individual fibres 
affects penetration. 

The fastness of mineral khaki to light, 
washing and rubbing is due to the formation 
within the fibre of insoluble inorganic com- 
plexes of iron and chromium. The perspira- 
tion fastness is apparently unsatisfactory. 
It may be mentioned that the perspiration 
fastness test is carried out under severe 
conditions rarely met with in actual practice. 
Mineral khaki being a metallic pigment is 
easily affected by the acidity of perspiration. 
After-treatments impart increased resistance 
to perspiration. 
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Wear in Producer-Gas Converted 
Petrol Vehicle Engines 

L. C. VERMAN*, MOHAN LAL KHANNA, S. K. DAS 
GUPTA & K. ACHUTHAN NAIRf 

Physical Laboratories, Council of Scientific Industrial 
Research, Delhi 


O NE possible reason for greater wear 
with producer gas as applied to 
converted petrol vehicles is that 
owing to reduced power output, 
lower gear ratios are more frequently used, 
which means that the engine quakes more 
revolutions for a given mileage of the vehicle. 
This increase will be negligible when making 
long continuous runs on level road for which 
type of duty these producer-gas converted 
petrol vehicles are best suited. Another 
reason is the abrasive action of dust carried 
along in producer gas. This will be a 
serious cause of wear in case the filters are 
not properly designed, serviced and main- 
tained. The exact amount of wear caused 
in such a vehicle fitted with a well-designed 
and suitably serviced gas filtration system 
is not precisely known. The Indian s|)eci- 
fications^, which are modelled on the Austra- 
lian specifications*-^, fix the limit of dust 
concentration in the filtered gas supplied 
to the engine as 5 mg. per cubic metre. This 
figure was adopted in the belief that it will 
probably keep down the abrasive wear 
within reasonable limits without requiring 
too elaborate a system of filters. Very 
little published data is, however, available 
to confirm or disprove this belief. 

Bowden and Kennedy^, working in Austra- 
lia, used Chevrolet, Ford V8 and Bedford 
trucks, operating on producer gas, using 
charcoal as fuel and lubricated with SA.E. 
30 oil for experimental road trials. Separate 
wear figures for petrol and producer gas 
were determined when using these types of 
vehicles. The measured wear observed in 
Ford V8 truck has been found to be com- 
parable to that in Chevrolet and Bedford 
trucks. Spier and Giffen^, in U.K., have 
carried out extensive bench tests on the 
performance of a converted petrol engine 


with different producer-gas fuels and <>n the 
effect of varying compression ratios, etc. 
The change in viscosity, acid value and 
percentage ash content of the lubricant 
were determined by analysing the samples 
of oil drawn from the sump. The wear of 
cylinder bore and top piston ring was also 
determined. 

Another reason for increased wear might 
be the deterioration of lubricating oil or the 
lubricating system. This aspect can only 
be investigated by a combined study of oil 
behaviour and wear. Unlike petrol, such 
studies with producer gas have been very 
few. Other causes for wear might possibly 
be the corrosive effects of certain impurities 
in producer gas, inadequate protection 
from atmospheric dust at the air inlet to 
the gas carburetter, etc. It will require 
elaborate studies to isolate the effects of 
each of these factors and suggest remedies. 
Meanwhile any wear data relating to actual 
running conditions on Indian roads will go 
some way towards clearing the existing 
uncertainty. This is all the more impor- 
tant in view of the general belief that producer 
gas causes excessive wear. With this end 
in view, it was felt desirable that certain 
data collected during routine road tests be 
utilized to determine the wear caused in the 
petrol vehicle engine when converted to 
operate on producer gas under Indian road 
conditions. 

Experimental 

A lease-lend 160" wheelbase 3-ton 1943 
model Chevrolet truck fitted with a modified 
“ Simpson gas plant, as described in our 
earlier paper^, was being used for various 
departmental trials on producer gas reliability 
and performance. The vehicle was found to 
pass when tested in accordance with the 


* Present address : Director, Indian Standards Institution, New Delhi. 

fPresent address : Instructor in Mechanical Engineering, Arthur Hope College of Technology, 
Coimbatore, South India. 



18 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIIIB, No. 1 


procedure for road and bench tests as laid 
down by the Conference of Producer Gas 
Technical & Testing Officers, India^. Before 
starting the test, the engine fitted to the 
truck was dismantled, thoroughly cleaned 
and overhauled. Measurements of cylinder 
bores, big-end bearing diameters and weights 
of top piston rings were recorded. 

The engine was reassembled and the 
requisite quantity of lubricating oil S.A.E, 
30, of the correct specifications recommended 
for use in the engine by the manufacturer, 
was supplied to the crankcase. The crank- 
case oil was changed and analysed after 
approximately every 2,000 miles of run. 
The samples of oil drawn from the sump 
were analysed in accordance with the 
Standard Methods of Testing Petroleum & 
Its Products as adopted by the Institute of 
Petroleum Technologists, London®. A sim- 
ple method was adopted for the analysis 
of the sludge deposited in the crankcase. 


After determining the weight of sludge 
insoluble in petrol and petroleum ether 
( 60°-80°C.), the residue was ignited to 
determine the total weight of mineral 
matter present in the sludge. The weight 
of mineral matter insoluble in aqua regia 
and the iron content of the oil as well as the 
sludge were determined by the usual methods. 
The results of crankcase oil analyses are 
summarized in Table I, in which analysis of 
fresh oil has also been included. 

Periodic checks of the filtration system 
by means of bench tests ensured that filters 
were working properly and that the dust 
concentration in the filtered gas was never 
more than 5 mg. per cubic metre. Rectified 
spirit and a little petrol were also used as 
fuels during a part of these trials. 

After the truck had completed 9,000 miles 
of run mostly on producer gas, its engine was 
dismantled. After recording the condition 
of various parts, they were thoroughly 


TABLE I — CRANKCASE OIL ANALYSES OF CHEVROLET 1943 MODEL EXPERIMENTAL TRUCK ENGINE 



Unused 


Used oil after 4 

SUCCESSIVE PERIODS 



LUBRICATING 

After 1,000 mile 

After 2,100 mile 

After 2,000 mile 

After 2,0(M> mile 


OIL 

run on producer 

run on producer 

run partly on 

run on producer 

i. Appearance 

Clear and trans- 

gas 

Dark brown oil 

gas 

Dark thick oil 

gas and partly 
on spirit 

Dark brown thick 

gas rectified 
spirit mixture 

Dark thick oil 

parent. 

wtih slight 

with lot of 

with black 

with lot of 

Oil Analysis 

2. Sp. gr. at 60°F. 

0-885 

sludge 

0-889 

sludge 

0-894 

sludge 

0-897 

sludge 

0-890 

3. Acid value 

003 

0-50 

0-46 

0-50 

0-290 

4. Viscosity in centi-strokes 
(i) at KH^F. 

125-2 

136-4 

146-8 

162 2 

145-0 

(ii) at liO^F. 

42-9 

46-2 

47-8 

54-8 

50-5 

(iii) at 210°F. 

12-3 

12-6 

13'2 

14-5 

13-5 

Viscosity index 

95-0 

89-0 

89-0 

95-0 

95-0 

5. Ash content, % 

0-008 

0 54 

0 34 

0-96 

0-613 

6. FCjO,, parts per million 

6 

1,000 

51,600 

197,000 

110,000 


Sludge Analysis 


7. 

Wt. of sludge, gm. 

29-876 

67-700 

22-170 

48-980 

8. 

Wt. of mineral matter, gin. 

20-465 

42-680 

15-951 

26-790 

9. 

Wt. of material insoluble in 
aqua regia, gm. 

Wt. of Fe,0„ gm. 

12-865*' 

35-110* 

3-270* 

14-207* 

10. 

4-166 

2-86 

9-700 

4-620 


* Mostly line dust sand. 


TABLE II WEAR OF PARTS OF EXPERIMENTAL TRUCK CHEVROLET ENGINE PER 1,000 MILE MEASURED 
AFTER 9,000 MILES RUN MOSTLY ON PRODUCER-GAS FUEL 


Australian 

FIGURES* 


Cylinder No. 

r 

2 

3 

4' 

6 

6 

r 

Averages 

Gas 

Petrol 

1. Wear of cylinder bore in 

inches : 

(a) Along shaft 

(b) Across shaft 

2. Loss in weight of top piston 

ring, gm. 

0-00032 

0-00028 

0-281 

0-00030 

0-00018 

0-279 

0-00032 

0-00018 

0-297 

0-00028 

0-00021 

0-131 

0-00030 

0-00021 

0-260 

0-00033 

0-00022 

0-321 

0- 00031 \ 
0-00021] 

0-261 

‘ 0-00029 

0-807 

0-00017 

0-164 

8. Increase in big- end bearing 
diameter, in inches 

0-00072 , 

0-00063 

0-00056 

0-00064 

0-00069 

0-00059 

0-00064 




• Tlitese values are for Ford V8. 
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cleaned and weighings and measurements 
repeated for determining the wear which, after 
reduction to 1,000 miles run basis, are given 
in Table II. The corresponding gas and 
petrol figures of the Australian workers^ 
when using Ford V8 truck have been also 
included for comparison. 

Discussion 

Taking into consideration the specific 
gravity, viscosity, acid value and iron 
content of the four samples of oil analysed 
( vide Table I ), in every case the viscosity 
of the used oil has slightly increased as 
might be expected in the absence of crank- 
case dilution, but the viscosity index has 
decreased only in two out of four cases. 
The acid value, ash content and the iron 
content have increased in every case. It is 
significant, however, to note that iron has 
increased to a greater extent during the 
periods in which spirit was partly used as fuel. 

There is, however, no evidence of the 
break-down of the lubricating oil such as to 
cause failure of the lubricating system. 
Results of the present investigations generally 
support the observations of Spiers andGiffen^. 

As regards the sludge analysis, it is clearly 
brought out that more than 50 per cent of 
the sludge in every case consisted of fine 
sand and dust and very small amounts of 
iron. The fine sand is likely to have come 
partly from the producer gas and partly 
from the atmosphere through the air cleaners. 
It may be stated that air for the gas-air 
mixture was supplied through the normal 
oil bath cleaner serving the petrol carburetter 
air intake. The crankcase was protected 
by a separate oil bath cleaner. The total 
weight of sludge in the sump in each case 
was apparently unrelated to the mileage 
covered. As already stated, uniform care 
was bestowed in the filtration and the 
maintenance of the gas plant, the varia- 
tion in the weight of sludge deposit has to 
be attributed to some extraneous agency 
unconnected with producer-gas operation. 
It is most likely that due to reasons discussed 
in an earlier publication’, the oil bath 
cleaners were not able to control effectively 
the entry of dust under varying atmospheric 
dust concentrations. The presence of fine 
sand dust in the sludge signified wear by 
abrasion. 

As to the measured cylinder wear figures, 
ordinarily one should expect the measured 
wear of the cylinder bore to be greater in the 
direction of the piston thrust than parallel 


to the crankshaft. But the results of 
cylinder bore wear summarized in Table 11 
show that the reverse is the case, a paradox 
for which/ no satisfactory explanation yet 
seems t(f?have been offered®. It is most 
probable that the end play of the crank- 
shaft and of bearings at the two ends of 
the connecting rod are responsible to some 
extent in wearing away the sides of the 
cylinders more than the thrust faces. The 
average cylinder bore wear observed in the 
present study is only 0*00026'' per 1,000 
miles and is of the same order as in petrol 
engines and is comparable to the figures 
reported by Australian workers. A high 
rate of cylinder wear was observed by 
Spiers and Giffen^ but the wear was con- 
siderably reduced when careful attention 
was paid to gas filtration and the engine 
was fitted with chrome iron, centrifugally 
cast dry " cylinder liners. The wear in 
the big ends is reasonable and in any case 
this could be easily adjusted by varying the 
shims. The corresponding wear figures have 
not been reported by Australian workers. 

The loss in weight of the top piston ring 
observed in the present study is more or 
less uniform in all the cylinders and is not so 
excessive as observed by the Australian 
workers with producer gas. Their figures 
for gas are nearly five times their petrol 
figures. This difierence in the loss in 
weight of the top piston ring observed by 
the two teams of workers can be explained 
when we take into consideration the gas 
filtration system employed by them. The 
Australian workers used a cyclone filter 
followed by two large sisal felt filters in 
parallel, whereas in the present case the 
filtration system consisted of two catridge 
type of filters containing coir fibres and 
cotton waste followed by a third cotton 
cloth bag filter^. In an earlier investiga- 
tion®, drill cloth has been shown to be 
superior to the pressed wool felt when tested 
for the final stage of producer-gas filtration. 
Moreover experience gained by the authors 
while using cyclone filters showed that it 
was very difficult to remove the last traces 
of fine dust carried along with producer gas, 
when using charcoal as fuel, by the use of 
these filters alone. In order to eliminate 
this fine dust and to bring the dust content 
of the gas to within 5 mg. per cubic metre, 
an additional cotton waste filter of the 
cartridge type was found to be absolutely 
necessary. From what has been stated 
above, it seems most probable that the last 
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traces of fine dust in the gas after leaving 
the cyclone filters were not removed by the 
use of sisal felt filters in the final stage of the 
gas filtration system. During a discussion 
in the Producer Gas Standing Research 
Committee Meeting held in 1947, H. D. 
Choudhury, Producer Gas Technical Adviser 
to the Government of Bengal, disclosed 
that he too had been faced with the difficulty 
of removing the last traces of fine dust 
while working with cyclone filters alone. 

Deposits on piston crowns and cylinder 
heads were soft and easily removable. The 
exhaust valve seats were generally pitted 
and needed recutting before regrinding. 
The inlet valve seats were less corroded. 

According to Ballar(|^ Nixen and Moore^®, 
dust is an important contributor to abnormal 
wear. Whenever abnormal wear occurred, 
the analyses of the deposits on pistons and 
in, the ring grooves showed these to contain 
5 to 25 per cent of silica. Spiers^i has f()und 
the cylinder head deposits containing nearly 
•60 per cent of silica when operating the 
engine on gas. The high rate of cylinder 
wear observed by him is attributed to the 
dust content of the gas. According to 
Spiers^^, the rate of wear can be redu:ed 
materially by improving the gas filtration 
considerably. During the present investiga- 
tion nearly more than 50 per cent of the 
sludge deposited in the crankcase contained 
fine sand dust. The photomicrographs 
taken by the Aui^ltralian workers® show that 
abrasion and fine scouring was greater with 
gas. This is mostly responsible for the 
excessive wear of the top piston ring ob- 
served by the Australian workers. However, 
the dust present in the air supplied to the 


engine is also partially responsible for the 
observed wear. 

The results of the present tests show that 
if the gas plant is maintained to satisfy the 
Indian specifications there is no danger of 
excessive wear. The presence of large 
amounts of fine sand in the sludge shows 
that it will pay to give more attention to 
air cleaning with a view to keep out atmos- 
pheric dust from the engine. 
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Effect of Salts on Soil 
Permeability & Rectification 
of Alkali-ridden Soils 

L. A. R AMD AS 
Meteorological Office, Poona 


S INXE 1939, at the suggestion of the 
Indian Council of Agricultural Re- 
search, we have been investigating 
the physics of sub-soil irrigation and 
allied problems in our laboratories at Poona. 
While studying the capillary ascent of water 
through various soils and its evaporation 
from the top surfaces of the soil columns, 
it was noticed that in alkali soils and the 
hari soil of the Punjab there was no trace 
of wetness or any significant evaporation 
even months after the commencement of the 
experiment. On repeating the experiment 
in glass tubes, it was clear that the water 
did not ascend through these soils due to the 
impermeable nature of the soil in the presence 
of the salt. 

On investigating the matter further with 
the black soil of the Deccan using solutions 
of various concentrations of lithium and 
sodium carbonates, oxalic acid and lithium 
and sodium oxalates and a number of 
similar substances, the present writer, in 
collaboration with Mr. A. K. Mallik, observed 
that the impermeability is associated with 
the capacity of the colloidal coating of the 
soil particle to undergo swelling under the 
influence of these substances. The swelling 
phenomenon was studied both with in- 
dividual particles as well as layers of the soil. 
Again, when the soil swells on wetting and 
then contracts on drying, it exhibits the 
well-known phenomenon of crack formation. 
The variations in these phenomena with the 
concentration of the salt in solution has been 
investigated in detail. It is found that the 
swelling and impermeability go on increasing 
up to an optimum value of the concentration 
beyond which chemical solution of the 
organic fraction of the soil colloids sets in 
with a consequent restoration of the per- 
meability. These effects are best observed 
with sodium carbonate where a wide range 
of concentration is possible owing to the 


high solubility of this salt in water. Many 
of the interesting results obtained by us 
have been recently discussed by Ramdas 
and Mallik in a series of papers^ '^. 

It was found that in the case of sodium 
carbonate solutions the black soil of the 
Deccan showed a maximum impermeability 
at a concentration of about 2 per cent, 
indicating this as the most efficient 
concentration to be maintained in the 
moisture within the sides of a canal if see- 
page is to be prevented. 

Apart from the above practical aspect 
there is the much larger problem of restoring 
the permeability of the many millions of acres 
of alkali-ridden lands of the Punjab, parts of 
the United Provinces, the Central Provinces 
and the Deccan which get water-logged during 
the rainy season or after irrigation. If these 
tracts can be rendered permeable to water 
and their salt content leached out, it will be 
possible to restore their fertility and thus 
make plant growth feasible. 

In our recent investigations the above 
aspect has received a special emphasis. 
Recently Ramdas and Mallik” reported that 
a layer of Poona soil previously treated with 
sodium carbonate and rendered quite impsr- 
meable becomes quite permeable to a solu- 
tion of sodium chloride. 

At the suggestion of the present writer, 
Mr. P. K. Katti working in our laboratory 
took up a further detailed examination of 
this subject. In a recent paper® he has 
shown that the beneficial effect of sodium 
chloride is lost when water is passed through 
the soil again. It is noticed that though 
the soil particles shrink in the presence of 
sodium chloride, opening out the pore space, 
they still retain the sodium carbonate with 
which they have been treated previously. 
On leaching out the sodium chloride with 
water the sodium carbonate asserts itself 
again rendering the soil impervious once 
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again. Thus the restoration of permeability 
by sodium chloride is only temporary. 

In his latest experiments Mr. Katti 
observes that if instead of sodium chloride a 
solution of calcium chloride is placed above 
a soil layer previously rendered impermeable 
to water by treatment with sodium carbonate, 
the soil becomes permeable to the calcium 
chloride solution which passes readily 
through the soil layer. What is most 
interesting is that H t thereafter a layer of 
water is placed above the soil, the water also 
percolates through readily. The alkali " soil 
once treated with calcium chloride remains 
permeable to water in any quantity. Our 
experiments show also that the soil so 
leached out can support vegetation like a 
normal soil free from sodium carbonate. 

The above results have been verified in the 
case of the bari soil of the Punjab and 
further experiments with alkali soils 
from other parts of the country are also 
being undertaken. 

The above results are also obtained if 
barium chloride or strontium chloride is 
used instead of calcium chloride. The 


experiments of Mr. Katti are at present in 
the laboratory stage, but it will be obvious 
that the above results are of great practical 
importance in reclaiming the “ alkali " tracts 
of our country. 

A fuller account of these latest investiga- 
tions is being given by Mr. Katti in a detailed 
paper appearing in the Proceedings of the 
Indian Academy of Sciences. 


REFERENCES 

1. Ramdas, L. A. & Mallik, A. K. : Cur. Sci., 

1939. 8, No. 6. 

2. Mallik, A.K.: Ind. Jour. Agri. Sci., 1942, 12, 4. 

3. Ramdas, L. A., Mallik, A. K. & Pandit, U. P.: 

Cur. Sci., 1942, 11, 288. 

4. Ramdas, L. A. & Mallik, A. K. : Proc. Ind. Acad. 

Sci., 1942, 16A, 1. 

5. Ramdas, L. A. & Mallik, A. K. : Proc. Ind. Acad. 

Sci., 1942, 16A, 16. 

6. Ramdas, L. A. & Mallik, A. K. : Cur. Sci., 1944, 

13, 42. 

7. Ramdas, L. A. & Mallik, A. K. : Proc. Ind. Acad. 

Sci., 1947, 26A, 1. 

8. Ramdas, L. A. & Mallik, A. K. : Cur. Sci., 1947, 

^ 16, 172. 

9. Katti, P. K. : Central Board of Irrigation 

Journal, 1948 ( under publication ). 


Letters to the Editor 


PAPAVERINE FROM INDIAN OPIUM 

The only record traceable on the 
subject of occurrence of papaverine in Indian 
opium is the work of Van Itallic and Ker- 
bosch^ which mentions that '' Bengal " 
opium is totally lacking in this alkaloid, 
which is present in amounts varying be- 
tween 0*5 to TO per cent iii opium from 
other sources^’^. 

In response to an enquiry for papaverine 
from Indian druggists, the present work was 
undertaken in order to ascertain whether 
the finding of the oarlier workers holds true 
for opium grown in every part of India. 
It was found that small quantities of papa- 
verine can be isolated from Indian opium, 
at least out of the supplies under the control 
of the Banaras Agency of the Government 
of India. 


Experimental 

The mother liquor left after the separation 
of the “ Gregory salt ” obtained during the 
recovery of morphine and codeine from 
opium by the Gregory process was used for 
the purpose. The following scheme was 
eventually adopted. 

The mother liquor left after the separation 
of Gregory salts during the manufacture of 
alkaloids from opium is made alkaline with 
solid caustic soda to about 2 per cent 
concentration. The alkaline liquid is then 
extracted 10 times with its volume 

of benzene each time. 

From the benzene extract, strained through 
a cloth filter, the solvent is distilled off. 
The dark-brown mass left is treated with 
1 : 1 hydrochloric acid till distinctly acidic, 
diluted with an equal volume of water, 
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warmed, treated with about 30 gm. activated 
charcoal for each gallon of liquid and then 
filtered. 

The cooled filtrate is treated with ammonia 
until precipitation is complete. The preci- 
pitated alkaloids are filtered off, dissolved 
in 1 : 1 hydrochloric acid, treated with char- 
coal as before and filtered. The acid solution 
of the alkaloids is, if necessary, repeatedly 
subjected to the previous cycle of operations 
until no further improvement in the colour 
can be effected. 

The clarified liquor is treated with 10 
per cent caustic soda solution until strongly 
alkaline and the precipitated alkaloids al- 
lowed to settle. The liquid is filtered off 
and the precipitate washed free from alkali. 
It is then treated with 1 : 1 acetic acid, 
warmed and filtered. 

The acid solution is treated with ammonia 
until just alkaline ( 7-5 to 8) and then 
buffered with solid sodium acetate^. The 
mixture is allowed to stand for 24 hours in 
the cold and the precipitated alkaloids 
filtered off and washed. 

The precipitated alkaloids, consisting of 
narcotine and papaverine ( mixed with a 
little cryptopine), are converted into the 
acid oxalate by treatment with J per cent 
oxalic acid and adding alcohol to the solution. 
The papaverine oxalate which is insoluble 
in alcohol separates. It is filtered off and 
converted into the base by treatment with 
10 per cent caustic soda solution. 

The precipitated base is filtered and 
repeatedly crystallized from alcohol ( 90 
per cent ) until the m.p. remains unaltered 
at 146°-147X. 

Papaverine recovered by following the 
method described above answered to the 
following tests : 

1. The base showed a m.p, of 146*5°- 
147*0°C. ; authentic sample of the base 
obtained from U.K. had m.p. 146°-146*5°C. ; 
mixed m.p. 146°-147°C. 

2. A 2 per cent solution of the substance 
in chloroform showed no optical rotation. 

3. 0*2 gm. of the substance converted to 
the hydrochloride gave a m.p. 220°C. The 
derivative from the authentic sample had 
a m.p. of 219°C. ; mixed m.p. 219°-220X. 

4. 0*2 gm. of the substance converted 
into picrate gave a m.p. 186X. ; the m.p. of 
picrate from the authentic sample was 
185X. ; mixed m.p. 185°-186X. 

5. 10 mg. of the hydrochloride (3) dis- 
solved in distilled water ( 100 cc. ) and 3 
drops of dil. hydrochloric acid and 5 drops 


of a solution of pot. ferricyanide added. 
There was immediate precipitation of lemon- 
yellow papaverine ferricyanide. 

6. A solution of the hydrochloride gave 
with sodium acetate a crystalline precipitate 
of papaverine bases, m.p. 146X. 

7. 0*1 gm. of the substance was con- 
verted into acid oxalate with J per cent 
oxalic acid. The oxalate was sparingly 
soluble in water ; almost insoluble in alcohol ; 
m.p. 200°C. corresponding to that of papa- 
verine acid oxalate. 

8. The substance dissolves in cone, sul- 
phuric acid ( cold ) giving a light pink colour. 
This light pink colour may be due to the 
presence of small amounts of cryptopine 
( which was not separated ) . The light pink 
solution turned deep red at 110°C. and violet 
at a higher temperature. On cooling and 
adding water, the colour disappeared. 

Further work is in progress in order to 
determine the content and yield of papa- 
verine from opium received from different 
sources, as also of the comparative value of 
different methods described in literature for 
the recovery of the alkaloid. 

Our thanks are due to the Government of 
India, Ministry of Finance, Revenue Divi- 
sion, for permission to publish this note. 

Opium Factory B. K. Mukhopadhyay 

Ghazipur C. Parthasarathy 

October 4, 1948 
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ON THE USE OF LIME SLUDGE 
AS A STABILIZER IN EARTH 
CONSTRUCTION 

In considering the possibilities of using 
earth as a building material in India it may 
be pointed out that it would not be economical 
and practicable to use costly ingredients such 
as cement and bitumen for soil stabilization. 
Of the two methods of earth construction, 
viz. rammed earth walls and adobe block 
walls, the former is definitely cheaper and 
quicker ( being completed within a week 
from start ), but involves skilled labour and 
some stabilizing agent such as cement, 
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since simple rammed walls, although quite 
strong, are susceptible to weathering by rain. 
The other method is simpler and better 
suited for Indian conditions where labour is 
comparatively cheap and a dry period of 3 to 
4 months is available in which the blocks 
can be dried. Blocks of 9''x6''x4j'' size 
are quite convenient to make in ordinary 
moulds. However, this type of construction 
also needs some sort of waterproof plaster. 
In this connection, work has been initiated 
at Building Research Unity Roorkee, and a 
number of indigenous substances such as 
gums, resins, straw, sodium silicate, lime, 
molasses and lime sludge have been tried. 
Cement was also included for the sake of 
comparison. It has been found that lime 
sludge can be successfully used for this 
purpose. 

Lime sludge is a by-product of the sugar 
industry where quicklime is used for neutral- 
izing the acidity. It is estimated that nearly 
4,000-5,000 tons of this substance are thrown 
out as waste every year from a single factory. 
Preliminary experiments done on local clayey 
3 oil containing about 20 per cent sand, 43 
per cent silt and 37 per cent clay indicated 
that 3-4 per cent of sludge is sufficient to 
stabilize the soil. It was also seen that 
whereas the ordinary rammed soil discs 
disintegrate when kept in contact with 


water, those stabilized by 3 per cent sludge 
stand immersion for weeks. It was found 
that like cement-soil-mixtures, which are 
cured in humid atmosphere, the sludge- 
stabilized blocks also gain in strength under 
humid conditions. In order to see if the 
sludge can be used for stabilizing highly 
calcareous soils such as black cotton soils, 
similar trials were conducted on 2 samples, 
one from Poona (42 per cent sand, 31 per 
cent silt and 28 per cent clay ) and the other 
from Sholapur ( 40 per cent sand, 31 per cent 
silt and 29 per cent clay ), and the results 
obtained confirmed these findings. 

It had been a practice in olden days in 
this country to mix gur solution with lime 
for waterproofing plaster. Based on this 
traditional practice, experiments were carried 
out on the use of lime-molasses mixtures as 
stabilizers. It was found that the mixture 
imparts water-repellent characteristics to 
the soil, but it was not as good as lime 
sludge. Mud plaster containing 4-5 per 
cent lime sludge have been tried on test 
pillars with promising results. Further work 
in this direction is in progress. 

N. K. Patwardh.\n 

Building Research Unit (C.S./.R. ) 

Roorkee 

September 20, 1948 
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The Raman Spectra at Low Temperatures— 
Diphenyl Sulphide, Diphenyl 
Methane & Sulphur Monochloride 

N. C. M A J U M I) A K 

Univcf'sity College of Science, Culcuiia 


I T was observed previously by Sirkar and 
Bishui^ that in the case of some subs- 
tituted benzene compounds new lines 
in the low fretjuency region appear 
in the Raman spectra when the substances 
are solidified at low temperatures. It was 
suggested by them that this phenomenon 
might be due to the peculiar nature of the 
molecule so that in the solid state there 
might be polymeric groups of the substituted 
benzene molecules giving rise to new lines 
in the low fre(|uency region. It was thought 
worth while to investigate the Raman 
spectra of some compounds in the molecules 
of which two benzene rings are attached 
to an atom, because a comparison of the 
values of the frecjiiency shifts of the lines 
obser\ ed in the case of such molecules with 
those observed in the case of molecules 
containing a single benzene ring might 
throw some light on the origin of these 
lines. The Raman spectra of diphenyl 
sulphide and diphenyl methane have been 
studied with this object in view. 

Since the molecule of diphenyl sulphide 
contains a sulphur atom, the study of 
the Raman spectrum of another type 
of molecule containing sulphur atoms but 
no benzene ring would be interesting in 
order to understand the significance of 
the changes which are observed with the 
solidification of these compounds. For this 
reason sulphur monochloride ( SjClg ) has 
been chosen and its Raman spectra have 
been investigated in the liquid and solid 
states. 


Experimental 

The arrangement used for the study of 
the Raman spectra of the substances in the 
solid state at low temperatures is the same 
as that used by Bishui-. The liquid was 
put in a sealed pyre.v tube which was held 
vertically inside a transparent Dewar vessel 
of pyrex glass, tlie mouth of which was closed 
with a cork and sealing wax. Through a 
tube fitting in a hole in the cork, liquid air 
was introduced by reducing the pressure 
inside the transparent Dewar vessel with a 
Cenco Hyvac pump connected to a glass 
tube passing into the Dewar vessel through 
another hole in the cork. The temperature 
of the substance in the pyrex tube could 
be. regulated by adjusting the position of the 
surface of liquid air in the transparent 
Dewar vessel. A Imcss glass spectrograph 

having a dispersion of about 13*5 A.U. per 

0 

mm. in the region of 4046 A was used. Fhe 

4046 A line of mercury in the spectrogram 
taken with this spectrograph showed a coma 
on the short wave-length side, but on the 
longer wave-length side there was no such 
coma, and therefore it was possible to 
detect the presence of new Raman lines 
lying close to the Rayleigh line. 

Diphenyl sulphide was obtained from 
old stock in this laboratory from a Kahl- 
baums sealed bottle. Diphenyl methane 
was obtained from a sealed bottle from 
Eastman Kodak, Rochester, New York, and 
sulphur monochloride ( SgClg ) wa$ obtained 
from a sealed bottle from E, Merck, This 
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sulphur monochloride was originally found 
to be deep yellow in colour but on repeated 
distillation the colour became paler. The 

. o . 

4358 A line of mercury, however, was ex- 
tremely weak in the spectrum of the light 
scattered by the liquid. The absorption of 

the $461 A line was also appreciable because 
a long expo.sure was required to photograph 
the Raman spectrum of the liquid. In the 
case of sulphur monochloride in the solid state 
only four hours’ exposure was enough to 
record th<? Raman lines excited by the line 

5461 A of ‘Hg with fairly large densities. 
The dispersion of the spectrograph in this 
region is about 50 A.U. per mm. Both 
diphenyl sulphide and diphenyl methane 
were distilled repeatedly in vacuum and the 
spectrogram showed no continuous back- 
ground. Slight weakening of the line 4046 
0 

A due to absorption was observed in the 
spectrogram due to the light scattered by 
these liquids. 

Results & Discussion 

The spectrograms due to the three subs- 
tances in the liquid and solid states are 
reproduced in Figs. 1, 2 and 3. The fre- 
quency shifts in wave numbers of the Raman 
lines observed are given in Tables 1, II and 
III. In the first column of these Tables 
the data published by some of the previous 
workers have bteen included for comparison. 

Diphenyl Sulphide 

It can be seen from Table I that some of 
the feeble lines observed by Donzelot and 
Chaix* in the case of liquid diphenyl sulphide 
have not been observed in the present 
investigation. Of these the line 1155 cm.-i 


is actually found to be a line at 1165 cm.-^ 
and the lirte 1180 cm.-^ reported by them 
seems to be the line 1003 cm.~i excited by 

4077 A. Similarly, the line 1475 cm.-^ 

o 

excited by 4358- A is almost superposed 
on the line 3057 cm-^ reported by them. 

o 

The existence of this line excited by 4046 A 
could not be confirmed. It can also be seen 
that in the case of diphenyl sulphide the 
frequencies of the lines 1003 cm."^ and 1026 
cm.~^ diminish to 995 cm, and 1015 cm.“^ 
respectively with the solidification of the 
substance and lowering of the temperature 
to — 150°C. These two lines are due to 
the C-C valence oscillations of the benzene 
ring in the molecule and the fact mentioned 
above shows that this bond is weakened a 
little in the solid state. Further, the line 
1584 cm.“^ shifts to 1578 cm."^ and the line 
1095 crn.'*'^ also shifts to 1085 cm.-^ and its 
intensity diminishes considerably at the low 


TABLE I — DIPHENYL SULPHIDE ( C.Hj )jS 


Liqu 

ID 

Solid 

A V in cm.'^ 

A V in (nu.‘‘ 

A V in cm.*’ 

Donzelot, P. & 

At about 32 C. 

.\t about — 150’C. 

Chai.x, M.3 

Present author 

Pre.se nt author 

187 (f) 


40 (Is) k 

210 (f) 

22.’i (1) e 


270 (ff) 

205 ( 1 ) c 

208 (o b) e 

410 (fff) 

403 (o b) e 

400 (o) c 

510 (fff) 

523 (o) e 


014 (m) 

018 (2) c, k 

018 (o) e 

002 (ui, large) 

095 (2) c, k 

097 (o) e 

090 (F) 

1003 (10) e, k 

995 (5) e, k 

1023 (m) 

1020 (2) e, k 

1015 (o) e 

1081 (ff) , 



1092 (aF, b) 

1095 (5b) e, k 

1085 (ob) e, k 

1155 (f) 

1105 (1) e 


1180 (ff) 



1327 (fff) 



1440 (fff) 

1440 (o) 


1475 (fff) 



1580 (F) 

1.584 (0) e, k 

1578 (2) e, k 

3057 (aF) 

3002 (8) e, i, k 

3002 (3) e, k 



Fig. 1 — (a) l^iPHENYL sulphide ( liquid at 32°C. ). (b) Diphenyl sulphide ( solid at — 150°C. ). 
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Fig. 2 — (a) Diphenyl methane (liquid at 33X.). (b) Diphenyl methane (solid at — ) 



Fig. 3 — (a) Sulphur monochloride ( liquid at 
33"C. ). (b) Sulphur monochloride ( sold:) at 
— 170' C. ). (c) Mercury arc ( different 

magnification ). 

temperature. It is remarkable, however, 
that the line due to C-H valence vibration 
of the benzene ring remains in its original 
position even at - 150X. and this fact 
shows that the majority of the C-H groups 
remain unaffected in the solid state at low 
temperature. 

A new line at 46 cm.~i is observed in the 
case of solid diphenyl sulphide at the low 
temperature and it is very sharp. As will 
be seen later, two such new lines are also 
observed in the case of diphenyl methane 
at the low temperature. Recently it has 
been pointed out by Rousset® that in the 
case of naphthalene and some derivatives 
of benzene in the solid state the new lines 


TABLE II — DIPHENYL, METHANE ( C^H, )2CHj 


Liqi'ii) Solid 


A V in rni. * 


in ein."* A in ''in.'^ 

Don/.clot, P. <S: 

At about C. At about — 70 C. 

Chaix, M.=' 

F^rcsent author 

Present .luthor 




50 (1) k 

05 (o) k 

ltM> (f) 

1 00 

(2) e 


2:U (f) 

2:iS 

(2) e 

2.38 (1) e 

(Iff) 

4r>7 (Iff) 

280 

(1) c 

270 (o) e 

:>47 (ft) 
aUI) (Iff) 


(1) e 


«17 (f) 

023 

(3) e, k 

023 (1) 

7:U (f) 

737 

(3) e, k 

7.37 (2) 

SI a ({, large) 
S4P (ff) 

S17 

(3b) e, k 


HK)I (I ) 

1004 

(8) 0, k 

1004 (5) r. k 

(in) 

1028 

(2) e, k 

1024 (1) e, k 

Il.V) (f, largo) 

1 1:)4 

(o) e 


1IS4 (f, large) 

I 188 

(21.) c 

1102 (2) e 

14a() (Iff) 

142'> 

(o) e 


laSli (f) 




KiOl (in) 

l.'iOS (.■)) c, k 

1508 (2) e 

aiMMI (in) 

2020 

(3) e. k 

2020 (o) e 

30r)4 (F) 

.3000 

(10) e, i, k 

3000 (3) k 

TABLE III — 

SULPHUR MONOCHLORIDE, S^CL 


1-1 or ID 


Solid 





< 

> 

< 

V in cm."* 

A V in cm.' 

A V in cni.~‘ 

Vonkateswa- Gording. H. & 

.■\t about 

.\l about 

ran. S.^ W' Strik, R.'' 

33 C. 

-170 C. 



Present author I’resent author 

H»7 ( Id) c 

100 D 

11.-. (3)a.c 

115 {3)±c 

141 (0) c 

210 (2) c 

200 P 

202 (3)±c 

202 (3)±c 

238(1) c 

24S (o) c 

24. ■> D 

2,38 (1) c 

340 (3b) c 

442 (8) c 

440 ((id) c 

443 1’ 

4:.4 (8) C 

530 (lb) c 

020 (3b) c 

.a4a (o) c 

.>37 D 

54'. (lb) c 

002(1) c 


in the low frequency region can be explained 
on the hypothesis put forward earlier by 
Kastler and Rousset^ and also independently 
by Nedungadi® that these lines are due to 
rotational oscillations of the molecule about 
its three axes in the field of the lattice. It 
is difficult to say whether this hypothesis 
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can explain the appearance of the new lines 
in the low frequency region in the case of 
the two compounds containing the benzene 
rings mentioned above, because there is 
only one new line in one case and two such 
lines, in the other case. It has to be pointed 
out, however, that whatever be the nature 
of oscillation that gives rise to these new 
lines, some virtual bond is probably respon- 
sible for the frequency observed, because 
some of the lines due to the intramolecular 
oscillations of the molecule are shifted from 
their original position when the two subs- 
tances mentioned above are solidified. 

Diphenyl Methane 

In the case of diphenyl methane two new 
lines at 50 cm.-^ and 65 cm."^ are observed 
in the Raman spectrum due to the solid 
state and these lines are absent in the 
Raman spectrum of the liquid. Further, 
the lines at 289, 1028 and 1188 cm.-i shift 
respectively to 270, 1024 and 1192 cm."^ 
with the solidification of the substance. 
There are slight changes in the positions 
of a few other lines also. It is interesting 
to compare the Raman spectrum of diphenyl 
methane with that of benzene at room 
temperature. The line 990 cm.“^ due to 
breathing vibration of the benzene molecule 
is split up into two lines at 1004 cm.~ " and 
1028 cm.“^ and this phenomenon is observed 
in the case oi almost all monosubstituted 
benzene compounds. The lines 403 cm.“^ 
and 695 cm.“i, however, though present in 
the Raman spectra of benzene and diphenyl 
sulphide, are not present in the Raman 
spectrum of diphenyl methane. It is ob- 
vious from this fact that the attachment 
of the carbon atom of benzene ring to that 
of CH 4 alters the frequencies of these vibra- 
tions while such an attachment to the sulphur 
atom in diphenyl sulphide does not affect 
these frequencies. The behaviour of some 
of the prominent lines of diphenyl methane 
on solidification of the liquid is, however,* 
quite different from that of the same lines 
in the case of diphenyl sulphide. For 
instance, in the former case the lines 1004 
and 1598 cm.~^ remain in their original 
positions in the Raman spectrum due to the 
solid while these lines shift slightly to 
lower frequencies in the latter case. It is 
thus evident that the C-S bond in the latter 
case is affected primarily with the solidifica- 
tion of the substance and this change in the 
strength of the C-S bond affect? indirectly 
the frequences of the vibrations of the 


benzene ring mentioned above. It is not 
unlikely that the appearance of the new 
lines in the solid state in both these cases 
may be due to the same cause a? is res- 
ponsible for the change in the frequencies 
of some of the Raman lines mentioned 
above. 

Sulphur Monochloride 

Sulphur chloride attracted the attention 
of a large number of workers previously. 
Venkateswaran^ showed that the number 
and frequencies of the Raman lines could 
be explained by assuming the form by 
Cl-S-S-Cl of the molecule and that the view 
held by previous workers was not correct. 
Mizushima and Morino® pointed out that the 
finite value of the permanent electric moment 
of the molecule cannot be explained by 
assuming that the molecule Cl-S-S-Pl has a 
trans-configuration. They, therefore, sug- 
gested that the plane through one of the 
S-Cl group might make an angle of 90"" 
with the plane through the other S-Cl 
group in this molecule. Gerding and Wes- 
trik^ have shown that of the five Raman 
lines of SgClg in the liquid state, three are 
totally depolarized and two are polarized, 
and they have concluded from these results 
that there is hindered rotation about the 
cis position of the Cl-S-S-Cl structure of the 
molecule. In the present investigation also 
only five lines have been observed in the 
Raman spectrum of SgClg in the liquid 
state, and the solid state at about — ITO'^C. 
yields altogether nine Raman lines. Of 
these the lines 349 cm.“^ and 620 cm.“^ 
are superposed on the halations produced by 

o 

the over-exposure of the Hg lines 5461 A 

and 5770 A -5791 A doublet. The 
other new lines 141 cm.”i and 692 cm.“^ are 
quite sharp. Besides these, the lines 454 
cm.”i and 545 cm.“i shift to 442 cm.~^ and 
536 cm.“i respectively in the solid state. 
These changes suggest that the molecule 
undergoes profound changes in the solid 
state. 

The presence of lines having frequency 
shifts above 545 cm.”^ cannot be explained 
by assuming that the molecule has the form 
Cl-S-S-Cl. On the contrary, the presence 
of the line 692 cm.“^ in the solid state shows 
that there is definitely S—S bond in the solid 
state and the molecule has the configuration 
S=S<^J. This molecule also should have 
yielded only six Raifian lines and cannot 
account for all the nine lines actually ob- 
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served. The diminution in the frequency 
of the lines 454 and 545 cm.-i due to S-Cl 
valence oscillation indicates that some 
changes occur in this bond. The extra 
lines might, therefore, be due to the forma- 
tion of a dimer in the solid state, each of the 
two molecules having the structure S— S<^[. 

Summary 

The Raman spectra of diphenyl sulphide, 
diphenyl methane and sulphur monochlo- 
ride in the solid and liquid states have been 
investigated. In the case of the first 
two compounds in the solid state new 
lines have been observed in the low fre- 
quency region. The frequency shift in 
the first case is 46 cm.-^ and in the second 
case 50 and 65 cm. respectively. In the 
case of diphenyl sulphide the frequencies 
of some lines due to C-C vibrations have 
been observed to diminish in the solid 
state. In the case of diphenyl methane 
only three lines 289 cm.“^ 1028 cm.~^ and 
1188 cm.“^ shift slightly when the substance 
is solidified. In the case of sulphur mono- 
chloride the liquid state yields only five 
lines, but in the solid state nine lines are 
observed. It is pointed out that the single 
molecule of SgClg cannot produce so many 


Raman lines and that one of the new lines 
is due to S=S oscillation, so that in the solid 
state the structure of the molecule changes 
from Cl.SSCl to SS( Cl )2 and that the mole- 
cules form dimers in the solid state. 
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Preparation & Study of Synthetic Drying Oils 


( Latk ) Dr. J. J. MATTILLO & H. V. PAREKH* 

Laboratories of the Hilo Varnish Corporation, Brooklyn, New York 


F or many years attempts have been 
made to synthesize oils having good 
drying properties. The last war gave 
a great impetus to the development 
and production of chemically treated, iso- 
merized, reoriented synthetic drying oils^. 

The shortage of tung oil led to a search for 
substitutes obtainable by processing available 
drying oils. Three possibilities suggested 
themselves : (1) dehydration of castor oil ; 
(2) increasing the effective unsaturation of 
fatty acids by chemical treatment, frac- 
tionation or solvent extraction, and conjuga- 


tion of double bonds by treatment with 
catalysts ; and (3) esterification of unsaturat- 
ed fatty acids by alcohols more polyhydric 
than glycerol. The last, in particular, had 
many interesting possibilities. 

The method of re-esterification is a natural 
and logical development based on Carother’s 
theory of functionality^, especially as ex- 
panded and interpreted by Bradley^. In prac- 
tice, pentaerythritol and higher polymerized 
alcohols have proved useful for this purpose. 

Blagonravova and Drinberg* showed that 
the esterification rates for pentaerythritol 


♦At present Chief Chemist and Chemical Engineer, Bhavnagar Chemical Works (1946 V Ltd., Vartei 
( Saurashtra ). 
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are essentially the same as those for other 
polyhydric alcohols, while BurreF showed 
that the primary hydroxyl groups of penta- 
erythritol undergo esterification slightly faster 
than glycerol with its one secondary group. 
Besides these alcohols sugar alcohols, such as 
sorbitol and mannitol, can also be employed. 

The most widely accepted theory of 
drying oils is one which is based on the 
dimensional polymer structure. According 
to this theory, all polymers which are 
infusible and insoluble are of the cross 
linked 3-dimensional form. Natural and 
synthetic drying oils should possess a 
structure which will permit the formation 
of a 3-dimensionar polymer. 

In order to get a good drying oil from 
semi- or non-drying oil fatty acids possessing 
a functionality of 2 ( one due to the COOH 
group, and the other due to unsaturation), 
the esterification should be carried out with 
polyhydric alcohols which are more functional 
than glycerol (which has 3 OH groups). 
The greater the number of —OH groups in the 
alcohol, the better will be the drying and 
bodying properties of the esters obtained. 
The introduction of conjugated double bonds 
during the esterification of the fatty acids 
wiJl enhance the drying properties. This 
can be achieved by co-esterifying the given 
fatty acids with drying oil fatty acids which 
are rich in conjugated double bonds. The 
functionality oi fatty acids containing con- 
jugated double bonds as a major pprtion of 
the total unsaturation may be taken as more 
than 2 because it is presumed that the 
Diels-Alder reaction takes place during 
polymerization. 

The advantages to be gained by the 
presence of conjugated unsaturation in the 
final esters ( oils ) can be seen from the 
results of Lanson and Spoerri’s experiments®. 
The polymerization rate of tung-methyl 
ester is 8 — 9 times that of soyabean-itiethyl 
ester under identical conditions. Further, 
the copolymerization of one part of tung- 
methyl ester a^hd two parts of soyabean- 
method ester after 3 hours at 300''C. is 1-8 
times the theoretical rate calculated on the 
basis of individual rates of polymerization 
of two rnethyl esters. The probability of 
conjugated alcostearate radicals reacting 
with non-con jugated fatty acids by a Diels- 
Alder type of reaction is assumed. 

Experimental 

The present work is divided into 4 parts : 
In the first pai^t ( Series I ) cotton seed fatty 


acids are esterified with polyh\Tlric alcohols 
of the t\’pe of glocerol, mannitol, sorbitol 
isomerized mixtures, “ Pentek " (a mix- 
ture of 85 per cent pentaerythritol and 15 
per cent related solid polyhydric alcohol ), 
'' Dipentek ” ( dipentaerythritol alcohol), 

and Polypentek ” ( mixture of polymers of 
pentaer^dhritol ).* The effect of changing 
the top temperature during esterification 
on the properties of the final oils were also 
studied. The second part ( Series II ) deals 
with the esterification of “ Dipentek ” with 
fatty acids obtained from cotton seed, fish 
liver oil, fish oil, peanut oil and tall oil. In 
the third part ( Series III ) the co-esterifica- 
tion of semi- or non-drying oil fatty ? cids 
and drying oil fatty acids is carried out with 
“ Dipentek In the last part ( Series IV ) 
the rate of bodying of the synthetic oil 
prepared by esterifying cotton seed fatt\’ 
acids with “ Dipentek " compared with 
alkali-refined linseed oil with different 
additives used as accelerators. 

The reaction is carried out in a weighed 
open varnish kettle made of monel metal 
and having a capacity of about 3-4 gallons. 
The reaction mixture is stirred at moderate 
speed. The kettle is wieghed after charging, 
and then put on the fire-grate and heated 
with a gas burner. The compressed air- 
driven stirrer is started when the mass has 
almost melted. The rate of heating is so 
adjusted that the top temperature is reached 
in about 60-70 minutes. The first sample is 
drawn as soon as the top temperature is 
attained. The temperature is then main- 
tained constant and samples arc drawn 
periodically. After the completion of the 
reaction, the kettle is cooled, weighed and 
the product filtered through a strainer. 
The loss in weight during cooking is calculated 
by taking the material balance before and 
after the reaction. The loss is due mainly 
to the loss of water of esterification and, 
to a small extent, also due to the escape of 
volatiles present in the fatty acids. 

Results 

Table I shows the formulation and pro- 
perties of oils produced in the first series of 
experiments. .Figs. .1 and 2 give the rates 
of esterification. Table II shows the formu- 
lation and properties of oils produced in 
the second series of experiments. Fig. 3 
gives the rates of esterification. Table III 

* “ Pentek ”, ” Dipentek ” and ” Polypentek ” 
were obtained from Hey den Chemical Corporation, 
New York. 
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TABLE I 

~ SERIES I. FORMULATION & PROPERTIES OF OILS PRODUCED 


CODK 

Formulation 

% 

Top 

y/ 

Body* 

Rl K. 

Properties of processed 

OIL Remarks 

NUMBER 


TOTAL 

TKMP. 

LOSS IN 


INDEX 

r- 

— 

^ 



CHARGE 

"F. 

COOKING 


AT 55 F*. 

(iellin*( 

Drvirm of film Acid No. 








time at 

of l a mil thick- 









.530’'F. or 

ness with 0-24 









body after 

Ca as Ca-naph- 









6 hr. at 

thenate at room 









530 F. 

temp. 


C<)-\’ 

Cotton seed fattv 


4.50 

15 ' 5 

Semi- 






acids 




solid 






Glvcerol 

n (1 








Co- VI 

Cotton seed fattv 

h:i-n 

450 

12 •« 

ihH 

1 • 4808 

IT 

Tackv after 12 

11 2 


acids 







davs 



Sorbitol isomerized 

10-2 









mix. 









Co-VIII 

Cotton seed fattv 

84 ■« 

450 

14-7 

F 

1 • 4800 

V 

Verv tacky aft. 

23-5 


acids 







12 days 



Mannitol 

1 a • 4 








Co- IV 

Cotton seed fatty 

87 0 

450 

10 4 

J thin 

1 • 4785 

JhW 


10 5 


acids 










“ Pentek ” 

13 0 








Coin 

Cotton seed fattv 

8r)-() 

450 

113 

IhJ 

1-4790 

J thin 

„ 

11-7 


acids 










“ Dipentek ” 

ITj-O 








co-vn 

Cotton seed fattv 

84 U 

450 

7 • 5 

ihl 

1-4815 

X 

Tackv aft. 12 

12-5 8-3«o Kcl 


acids 







days 



‘ Polvperitek ” 

10 0 








Co-X 

Cotton seed fattv 

87 ■ 0 

450 

7-4 

JhF: 

1 - 4705 

i thin U 

Tackv aft. 8 

ll 5 


acids 







davs 



“ Pentek ” 

13 0 









Ca-naphthenate 

0 012 








Co- XI 

Colton seed fatty 

87'0 

.500 

116 

IhF 

1 4800 

ihT 

Sli^thtlv tacky 

3-8 


acids 







aft. 8 days 



“ Pentek ” 

13 0 








Co-X 1 1 

Cotton seed fattv 

85 ■ 0 

500 

12-4 

Ihl 

1-4815 


Verv slightly 

11-0 


acids 







tackv aft. 8 



“ Dipentek ” 

1 5 • 0 






davs 


Co- X 1 11 

Cotton seed fatty 

84 0 

500 

11-8 

K 

1 4815 


Slightly tackv 

J6-0 


ac'ids 







aft. 8 days 



“ Polyi)entek ” 

IdO 








•( i.irdner-IIoldt Sralo, xt'f ( 

ardner, H.A., Physical & Ch 

'mical Examination of Paints, I'arnishcs, Lacquers & Colors ( Institute of 


Paint iS: N’arnish l<es( 

arch. War 

hin^lon 

D.C.), 1030. 0th ed. 






TABLE 11 

-SERIES II. 

FORMULATION & 

PROPERTIES OF OILS PRODUCED 

Code 

l-’ORMUI. ATION 


Top 


Body* 

Ref. 

Properties ok processed 

OIL Remarks 

MM BEK 


TO'I Al. 

TKMP. 

LOSS IN 


INDEX 

{ — - 

- - 

> 



Cn ARC.t 

"F. 

COOKING 


A I 55 1-'. 

( iellinp 

Drying of film 

Acid 








time at 

of 1’5 mil thick- 

No. 








530 I-', or 

ness with 0-24“y 









bodv after 

Co as Co-naph- 









6 hr. at 

thenate at room 









5,30 1-'. 

temp. 


C 4 

Cotton seed fattv 

80-3 

.500 

12 0 

Jhl 

1 4780 

i thin V 

\’erv slightlv 

0 5 


acids 







tackv aft. 12 



“ Dipentek ” 

13-7 






davs 


C-j 

Pish liv<‘r fattv 

88-0 

,500 

13 7 

JhT 

1 - 4800 

Z 6 

\ erv slightlv 

6 7 


acids 







tackv aft. 5 



“ Dipentek ” 

12 0 






davs : tack free 










aft. 12 davs 


C-U 

Tall oil 

87 -2 

.5(M> 

12 0 

1 bubble 

1 4600 


Tack free aft. 1 

15-8 Diluted to 






thin A 



dav 

50 '^o olid 










with 










benzene 


“ Dipentek ” 

12-8 








l‘-4 

Peanut fattv acids 

8« • 3 

500 

12-5 

.1 

1 4700 


I'ackv aft. 0 

0 2 


“ Dipentek ” 

13-7 






davs 


I’-l 

I^'isli oil fattv acids 

87 n 

500 

11-4 

1 thin V 

1 - 4878 

350 min. 

lack fret- aft. 1 

0 2 


“ Dipentek ” 

12-4 






day 






•Gardner- Holdt Scale. 





shows the formulation and properties of oils 
produced in the third series of experiments. 
Figs. 4-8 give the rates of esterification. 
Table IV shows the formulation and pro- 
perties of oils produced in the fourth series 
of experiments and indicates the rates of 
bodying when various additives are em- 
ployed as accelerators. 


Discussion 

The tables and graphs give a picture of the 
rates of esterification, and the drying pro- 
perties of products obtained by esterifying 
cotton seed fatty acids with glycerol, manni- 
tol, sorbitol isomerized mixture, “ Pentek 
‘‘ Dipentek ”, and “ Polypentbk Con- 
sidering tlie penta series of alcohols, it will 
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be seen that esterification of the fatty 
acids with “ Polypentek '' is faster than 
that with “ Dipentek which in turn is 
faster than that with “ Pentek The rate 
of esterificat^n increases with temperature. 




Fig. 5 — Rate of esterification. 



Fig. 6 — Rate of esterification. 


The use of 0*08 per cent calcium ( as 
Ca-naph then ate ) on the weight of Pentek ” 
enhances both the rate of esterification of 
cotton seed fatty acids, and the rate of 
drying of the final product. 
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MtATma TiMf m min. 


Fig. 7 Rate of esterification. 


Fig. 8 — Rate of esterification. 


TABLE III — SERIES III. FORMULATION & PROPERTIES OF OILS PRODUCED 


Code 

NUMBER 

Formulation % 

TOTAL 

Top 

lioov* 

Hep. 

Properties of processeu oil Remarks 


CHAKGL 


COOKING 

AT 72^ F. 

(ielling Drying of film Acid 


time at of 1-5 mil thick- No. 
or ness with 0- 24% 
body after Co as 

♦i hr. at Co-naphtheiiate 
530 F. at room temp. 


Cl 

C 2 

C-3 

C-« 

C-7 

C-8 

C-10 

cu 

C-12 

F-2 

F-3 

P-5 


Cotton seed fatty 
acids 

fatty acids 
“ Dipentek ” 

Cotton seed fatly 
acids 

Tunf 4 fatty acids 
“ Dipentek ” 

Cotton seed fatty 
acids 

Tung fatty acids 
“ Dipentek ” 

Fish liver fatty acids 
Tung fatty acids 
“ Dipentek ” 

Fish liver fatty acids 
Tung fatty acids 
" Dipentek ” 

Fish liver fatty acids 
Tung fatty acids 
“ Dipentek ” 

Tall oil 

Tung fatty acids 
“ Dipentek ” 

Tall oil 

Tung fatty acids 
“ Dipentek ” 

Tall oil 

Tung fatty acids 
“ Dipentek ” 

Fish oil fatty acids 
Tung fatty acids 
“ Dipentek ” 

F'ish oil fatty acids 
Oiticica fatty acids 
" Dipentek ” 

Peanut fatty acids 
Oiticica fatty acids 
Dipentek ” 


79 0 

20 2 
13-8 

500 

R 

10 8 

1 4815 

A thin Z-4 

Tack free aft. 

29 hr. 

10 1 


72 0 

14 2 
13-8 

500 

ihV 

11 1 

1 4840 

.\lm()st 

solid 

Very slightly 
tacky aft. 6 hr. 
and tack free 
aft. 1 day 

11 2 


64 0 

21-6 

13-8 

500 

J thin Z'G 

115 

1 • 4880 

85 min. 

Very slightly 
tacky aft. 6 hr. 
and tack free 
aft. 1 day 

8-0 


80 ■ 2 
7*8 
122 

500 

W-1 

15 1 

1 4912 

Z 6 

Slightly tacky 
aft. 1 day and 
tack free aft. 

8 days 

6*7 


75 ■ 2 

12 6 

12 2 

500 

ihZ 1 

22 4 

1 4932 

250 min. 

Vey slightly 
tacky aft. 1 
day and tack 
free aft. 5 days 

6-7 


68-7 

19 0 
12-3 

500 

Heavier 
than Z-t> 

21 5 

1 4950 

80 min. 

Tack free aft. 1 
day 

8-3 


80-3 

6-7 

13 0 

500 

thin 

13 « 

1 4691 


Tack free aft. 1 
day 

14-6 

Diluted to 
.50% solids 
with ben- 
zene 

73 6 

13 4 

13 0 

500 

thin \ 

11-7 

1 4692 


Tack free aft. 1 
day 

15-0 

do 

«9-5 

17 5 

13 0 

500 

C 


1 • 4705 


Tack free aft. 1 
day 

12-6 

do 

72-8 

14-6 

12-6 

500 

2ih Z-O 

10 4 

1 ■ 4920 

0-0 min. 
(before top 
temp, is 
reached) 

Very slightly 
tacky aft. 1 day 
and tack free aft. 
2 days 

7-8 


72 0 

15 0 

13 0 

500 

ih Z-4 

11 3 

1-4920 

100 min. 

Tack free aft. 7 
hr. 

5-8 


OO-tt 

500 

ih Z-4 

17 2 

1-4910 



7-8 



19-9 

13-7 

♦Gardner-Holdt Scale. 


In the case of “ Polypen tek "-cotton seed the impurities in " Polypentek " ( technical 
fatty acids esters, a certain degree of gel grade ) used for the esterilicatidn and also 
formation is noticed. This is attributed to to the very complex structure of the alcohol. 
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TABLE IV — CHANGES IN BODYING, REF. INDEX & ACID NUMBER OF SYNTHETIC OIL CO-XII, & 
ALKALI-REFINED LINSEED OIL WITH DIFFERENT ADDITIVES 




1 2 


1. Cov-I — parts Co-XII oil Sc 
4*5 parts kialelc anhydride 


Hr. after top temp. 

0 

•0 

1 

•0 

Body in poises 

Acid No. 

r, 

■ 7 

10 

•7 

18 

•4 

13 

•0 

Ref. index at SO^F. 

1 

■4830 

1 

• 484.5 

Gov- II — 95*5 parts linseed oil & 





4*5 parts maleic anhydride 





Hr. after top temp. 

0 

•0 

1 

•0 

Body in poises 

0 

•S.'i 

1 

•65 

Acid No. 

l.o 

• 5 

6 

• 2.5 

Ref. index at r>.'>"F. 

1 

•4870 

1 

•4884 

Gov-III ~ 95*5 Go-XII oil Sc 





4*5 parts crotonic acid 





Hr. after top temp. 

0 

•0 

1 

■i) 

Body in poises 

2 

•44 

3 

• 05 

Acid No. 

2 

• .5 

.> 

25 

Ref. index at 64° F. 

1 

4800 

1 

■ 4802 

Gov-IV - 95*5 linseed oil Sc 





4*5 parts crotonic acid 





Hr. after top temp. 

0- 

0 

1- 

0 

Body in poises 

0- 

45 

0- 

65 

Acid No. 

6- 

0 

2- 

5 

Ref. index at 70° F. 

1- 

4819 

1- 

4822 

Gov-V— 95*5 parts Go-XII oil & 





4*5 parts sorbic acid 





Hr. after top temp. 

0- 

0 

1- 

0 

Body in poises 

2’ 

92 

3 

85 

Acid No. 

lb 

0 

5 • 

5 

Ref. index at 73°F. 

I- 

4778 

1- 

4787 

Gov- VI — 95*5 parts linseed oil Sc 





4*5 parts sorbic acid 





Hr. after top temp. 

O' 

0 

1 

0 

Body in poises 

0- 

58 

()• 

75 

Acid No. 

4 - 

25 

5 • 

(» 

Ref. index at 70°F. 

1- 

4820 

1 - 

48.32 


Remarks; Films of 1-5 mil thickness, and ()-24°o Co as C 
(2) 4 days ; (3) 7 days ; (4) 4 days ; (rf) 7 days ; (6) 4 days. 


Comparing the properties of esters ob- 
tained by the use of alcohols other than those 
of the “ Pentek ” series, it will be noticed 
that the product obtained with sorbitol 
isomerized mixture shows a good drying 
rate. 

The drying rates of the esters are improved 
as the temperature of, esterification is 
increased. At a temperature of 450°F. 
'' Polypentek " ester dries better than “ Pen- 
tek “ or “ Dipentek “ esters. ‘I5he “ Pentek “ 
ester prepared at a top ternperature of 500'^F. 
is comparable in drying properties to the 
“ Polypentek “ ester prepared at a top 
temperature of 450°F. 

The rate of bodying of oils increases in 
the order: sorbitol isomerized mixture, 
mannitol, “ Pentek ”, “ Dipentek “ and 

“ Polypentek “ esters. 

The fish liver oil fatty acids are the fastest, 
and the tall oil the .slowest, to esterify with 
“Dipentek" as judged by. acid numbers. 
Fish oil fatty acids, cotton seed oil fatty 
acids and peajjut oil fatty acids come in 


Sample No 


3 

4 

5 

6 

7 

20 

3 0 

40 

50 

6-0 

12-9 

16-0_ 

22- 7 

30-2 

54-, 3 

10-0 

7 • 75 

To 

6 •25 

5-2 

1 • 4852 

1-4855 

1 • 4860 

1 • 4862 

1 • 4865 


20 

3 0 

40 

50 

60 

2-75 

4 • 85 

9-32 

19-2 

41-2 

6 • 75 

8 -75 

9 • 25 

90 

7-75 

1 • 4898 

1-4910 

1 • 4922 

1-4931 

1 • 4944 


20 

3-0 

yty 

50 

6-0 

3 • 85 

5 • 5 

7 ■ 55 

9-7 

15-2 

2-5 

3 25 

2 ■ 5 

2 ■ 75 

3 • 25 

1 • 4804 

1-4813 

1-4819 

1-4822 

1-4828 


2-0 

3 • 0 

4-0 

5-0 

6-0 

0-85 

1-0 

1 • 65 

2-13 

3-3 

1 • 75 

1-5 

1 • 25 

1-25 

1 -25 

1 4830 

1 • 4836 

1 ■ 4845 

1-4849 

1 - 4859 


2-0 

3 0 

4-0 

5-0 

6-0 

4 7 

6 - 27 

8-86 

9-7 

15-3 

3-0 

2 • I) 

1 ■ 75 

1 ■ 5 

1-25 

1-4798 

1 • 4802 

1-4810 

1-4815 

1-4820 


2-0 

3-0 

4-0 

5-0 

6-0 

1-0 

1 -4 

2 • 25 

3-15 

4-18 

4 75 

4-0 

3-5 

3-5 

3-25 

1 • 4840 

1 -4848 

I • 4856 

I • 4865 

1-4872 


o-miphtheuatc tack free at room temperature after: (1) 4 days; 


between the fish liver oil fatty acids and 
tall oil acids.* 

The refractive indices of the esters decrease 
in the order, fish liver oil, fish oil, peanut 
and cotton seed fatty acids. 

The drying rate of fish oil fatty acids 
esters is high, that of the peanut fatty acids 
esters being the lowest. The cotton seed 
fatty acids esters dry better than fish liver 
fatty acids esters, but the film obtained is 
^ tacky even after 12 days. Cotton seed, 
"fish liver and fish oil fatt\^ acids esters pro- 
gressively show an increasing rate of bodying. 

The use of tung oil fatty acids in co- 
esterification enhances the drying rate, the 
rate of bodying and the refractive index of 
the fatty acids esters. The higher the 
percentage of tung oil fatty acids in the 
mixture, the higher is the improvement in 

*Since tall oil ( Union Bag cS- Paper Corporation, 
New York ; fatty acids 48-52 per cent and rosin 
acids 42-46 per cent ) ester- is a semi-solid due to 
the presence of abietic acid ester, a 50 per cent solu- 
tion in benzene is used for evaluating its properties. 
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the drying rate, bodying rate and refrac- 
tive index. The addition of oiticica oil fatty 
acids also improves the drying rate and 
the rate of bodying. These improvements 
are due to a net increase in the amount 
of total as well as conjugate types of 
unsaturation per molecule of ester formed. 

The rate of bodying of the synthetic oil 
CO-XII is compared with the bodying rate 
of alkali-refined linseed oil in the presence of 
different additives. The synthetic oil bodies 
faster than the alkali-refined linseed oil, 
but the refractive index of bodied linseed 
oil is higher than that of the synthetic oil 
CO-XII. The drying rates cf bodied linseed 
oils are superior to those of the corresponding 
bodied synthetic oil. 

The fast rate of bodying ( heat polymeriza- 
tion ) of the synthetic oil compared to linseed 
oil may be explained on the basis that the 
polyhydric alcohol “ Dip'jentek " used in the 
former case is much more complex and 
polyhydric in nature than glycerol which is 
present in linseed. 

The fast drying rate ( ox\’gen polymeriza- 
tion ) of the boiled linseed oil indicate.s that 


(a) the total amount of unsaturation per 
molecule of bodied linseed oil is more than 
that present in a molecule of the bodied 
synthetic oil ; and/or (b) a part of the total 
unsaturation of the linseed oil molecule is 
of the conjugated type. In so far as oxygen 
polymerization is concerned, conjugate 
unsaturation is considered to be more 
effective than an equivalent amount of 
unsaturation due to isolated double bonds 
as the former gives Diels- Alder reaction. 
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Carotenoid Pigments of Common Indian Fruits 

J. C. SAD.WA & BASHIR AHMAD 

University Institute of Chemistry, Lahore, & C'hemical Laboratories, 
Council of Scientific & Industrial Research, Delhi 


I N earlier papers, the results of investiga- 
tions on the carotenoid pigments of 
different varieties of maize^, mango^, 
carrots^, oranges^, and common vege- 
tables^ have been reported. The results 
relating to the carotenoid pigments of some 
common Indian fruits such as water-melon. 
peach, mango, papaya, apricot, pine-apple, 
banana, guava, musk-melon a nd Mosambique 
oranges are replied in this paper. 

The carotenoid pigments of fruits are 
varied, and isomers of the same pigment 
are often present. Observations on the 
total hydrocarbon pigments of fruits have 
been reported by earlier workers® !^. 

All the fruits were obtained from the 
market, and were of the quality commonly 


consumed. The procedure followed for the 
complete extraction, isolation and estimation 
of the different carotenoid pigments has been 
described in an earlier paper^. The quan- 
tities of different pigments were estimated 
colorimetrically by referring to a standard 
curve of p -carotene against 0*04 per cent 
potassium dichromate. The same curve 
was used for the estimation of all the pig- 
ments except for lycopene and neo-lycopene. 
In the case of these two pigments, the 
solutions of the pigments were matched 
against 0-001 per cent methyl orange and the 
quantities read off from a standard curve 
showing the relation between the colour 
intensities of different concentrations of pure 
lycopene and 0-001 per cent methyl orange. 
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The results are expressed as (jigm./gni. of the 
fresh material. 

On the basis of the biological activity of 
the various carotenoid pigments reported 
in the literature, the vitamin A potency is cal- 
culated according to the following formula : 

Vitamin A potency in I. U. per gm. 

pgm. ^-carotene 
” 0 6 “ 

^gm. a-carotene . ( Wilkinsoii^fi) 

1-2 : 

/igm. Y-caro tene ( Kuhn, et. 

i- - 1.2 ' ■ 

/Ltgm. neo-3-carotene B ( Deuel, ef. 

1-2 

pgm. n eo-ft-c arotene U ( Kemmerer and Fraps^*) 
+ - 2-4 

ugm. k r yptoxanth in ( Deuel, et. 

1-2 

^m. neo-k ryptoxa nthin (praps and Kemmerer*^) 
" 1-2 


The analytical data on the carotenoid 
pigments present in the various fruits are 
given in Tables I to III. Table I gives the 
results of analyses of fruits rich in carotenoids, 
viz. water-melon, peach and mango ; Table 
II of fruits moderately rich in carotenoids, 
viz. papaya and apricot ; and Table III of 
fruits poor in carotenoids. 

Discussion 

Water-melon \ Citrullus vulgaris ) — Lyco- 
pene and carotene from the fruit were 
isolated by Zechmeister and Tuzson^i who 
showed that lycopene, the chief pigment, was 
responsible for its red colour. Zechmeister 
and Polgar22 detected 6 different carotenoid 
pigments in this fruit, viz. xanthophyll, 
lycopene, y-carotene, p -carotene and a- 
carotene and an unknown carotenoid which 
is located between y-carotene and p -carotene 
in the adsorption column. In our studies 
we have not been able to defect y-carotene 
and the unknown pigment which is adsorbed^ 
on the column between y-carotene and 
P -carotene in Zechmeister and Polgar's^^ 
investigations, but an additional unidenti- 
fied band which is adsorbed just below 
xanthophyll was detected. 

A typical chromatogram is shown in Fig. 1. 

Peach {Amygdalus persica ) — Strain*® and 
Mackinney*® using magnesium oxide as an 
adsor bant, found the carotenoids in peaches 
to consist of p-carotene, 35-40 per cent ; 
kryptoxanthin, 25-30 per' cent ; and the 
remainder to be lutein and zeaxanthin. 
Thaler, et al^, showed that the meat from 


yellow peaches contains lutein, p-carotene 
and lycopene in the ratio 8:2:1; Kemmerer 
and Fraps*® reported that peaches do not 
contain measurable quantities of lycopene. 
It cannot occur to the extent of 9-10 per 
cent as indicated. In our studies, 5 pig- 
ments were isolated from peach, viz. 


I 


11 





111 

R 



IV 




V 




VI 


VII 


7777777 / 77 ^ 



A NARROW YELLOW 
BAND, X A N T H O - 
PHYLL 

A NARROW ORANGISH 
BAND 


A BROAD RED BAND, 
LYCOPENE 


A WIDE BUFF- 
COLOURED BAND, 
NEO-LYCOPENE 


A WIDE REDDISH- 
ORANGE BAND, fi- 
GAROTENE 


A NARROW YELLOW- 
ISH-ORANGE BAND, 
NEO-p-CAROTENE B 


A NARROW ORANGE 
BAND, a-CAROTENE 


Fig. 1 — Typical chromatogram of the pigments 
OF water-melon. 

Band I represents xanthophyll as shown 
BY phase separation. 

Band II is due to a pigment which has not 

BEEN IDENTIFIED. 

Band III represents lycopene as shown by 
ITS absorption spectrum. 

Band IV is presumably an isomer of lycopene, 
called neo-lycopene by Zechmeister 
AND Tuzson**. 

Band V represents P-carotene as shown by 

ITS ABSORPTION SPECTRUM. 

Band VI is an isomer of P-cakotene called 

NEO-p-CAROTENE B BY POLGAR AND 

Zechmeister**. 

Band VII has been identified as a-CAROTENE 
BY ITS ABSORPTION SPECTRUM. 
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TABLE III — POOR SOURCES OF CAROTENOID PIGMENTS 

Fruit and source 

OK THE SAMPLE 


Pine-apple {Ananas sativus) 


Assam 

Ml 

1-3 

08- ;> 

01 

a-2 0-4 

21-0 

01 

.5 • 2 

047 

22 • 9 

0-8 

Singapore 

'< • '/ 

.1 • V 

74 (1 0-3 

3 9 0-2 

2(} 1-2 

1 .5 ■ (5 

03 

3 • 9 

1 • 40 

18 2 

2-3 

Banana (Musa sapient urn) 

(iallgaon (Bombay), red 

5 • 1 

O . 9 

43- 1 

0-3 

:>-9 2-6 

51 0 



2-67 

52-3 

4-5 

Basin ( Bomba v), chitri 

1-7 

1 '0 

r)8-8 

01 

5-8 0 • t) 

35 • 3 



0 62 

36-5 

10 

Guavii {Psidium Ruajava) 

Allahabad, pulp 

0-2 

(11 

r»o() 


0*1 

50 0 



01 

50 • 0 

0-2 

,, peel 

1 ■ 11 

1*2 

(13- 1 


0-7 

30-9 



0-7 

36-9 

1-2 

,, peel 

21 

la 

71-4 


0« 

28 •« 



06 

28-6 

10 

Musk-melon or Kabul -melon 
{Cucumis melo) 

Quetta 

0-2 

(M 

aOO 


()•! 

50 • 0 



01 

.50-0 

0-2 


0-8 

0 3 

37-5 ... 


0 5 

02 • 5 



0-5 

62-5 

0-8 

Grapes (Ft7is vinifera) 

Peshawar 

1-e 

11 

«8-7 


0-5 

31-2 



0-5 

31-2 

0-8 

Chaman 

21 

1-4 

(»« • (1 


0-7 

33-3 



0-7 

33 • 3 

11 

Mosambique oranges 

Bombay, thick rind, juicy 

2-8 

2-3 

821 


0-4 

14-3 

0-1 

3-6 

0-45 

16 0 

0-8 

,, ,, not juicy 

,, thin rind, juicy 

3J 

2-4 

77-4 ... 


0-5 

1«- 1 

0-2 

«4 

0-60 

1 9 • 3 

1 -0 

2- 9 

2-4 

82-7 ... 


0-4 

138 

0 1 

3 ■ 5 

0-45 

1 5 • 5 

0-75 


Total 

PIGMENTS 


Xantho- 

PHYLL 


gin. gm. 


Neo- 

XANTHO- 

PHYLL 


Mgin-/ 

t?in. 


Neo-3- 13-carotene Neo-P- Total Vitamin A 

CARrtTtNE U carotene B ACTIVE POTENCY 

PIGMENTS AS 
^-CAROTENE 


A^gin./ 


Mgm./ 


^gm,/ 




/igin./ 


I.U./gm. 


xanthophyll, kryptoxanthin, lycopene, (3- 
carotene and neo>j3 -carotene B. 

Mango {Mangifera indica) — The carote- 
noids of 10 different varieties of mangoes 
have already been reported^. 10 more 
varieties have been examined. 5 different 
pigments were isolated from the various 
varieties examined. These are xanthophyll, 
neo-xanthophyll, [3 -carotene, neo-|3 -carotene 
U and neo-p -carotene B. 

Papaya ( Carita papaya ) — In 1933 Yama- 
moto and Tin^^ discovered a new pigment 
in the fruit of the papaya to which they 
gave the name “ caricaxanthin ” and which 
they found was similar to the pigment 
found in oranges. Karrer and Sclilientz®® 
pointed out that caricaxanthin of Yama- 
moto and Tin was similar to kryptoxanthin 
as both these pigments had the same absorp- 
tion spectrum and melting point. Karrer 
and Schlientz®® isolated zeaxanthin, krypto- 
xanthin, and p-carotene from the papaya 
fruit. In our studies 5 different pigments 
were isolated and identified. These include 
zeaxanthin, krytoxanthin, {3 -carotene, neo- 
p -carotene B and neo-fi -carotene U. 

Apricot {Prunus armeniaca ) — Morgan and 
Madsen’ reported that xanthophyll was 
absent in apricots as the methyl alcohol 
washings were colourless. Brockmann®^ iso- 
lated from dried apricots, (3 -carotene in 
crystalline, form and lycopene in small 
amounts, and also reported the presence of 
small amounts of y-carot'ene. Mackinney, 
Aronoff and Bornstein®® reported that xan- 
thophyll, lyoipene and y-carotene do not 


account for 10 per cent of the total carote- 
noids. Kcmmerer and Fraps®® demonstrated 
the presence of 4 different pigments in canned 
apricots. These are f3-carotene, 56T per 
cent ; neo-J3 -carotene U, 5-9 per cent ; neo- 
P-carotene B, 7*2 per cent ; and an impurity 
A to the extent of 3-8 per cent. In our 
studies 5 different pigments were isolated 
and identified. These include xanthophyll, 
lycopene, neo-p -carotene [3 -carotene, and 
neo-^ -carotene B. 

Pine-apple ( Ananas sativus ) — Pine-apple 
fruit pwes its yellow colour to carotene and 
xanthophyll. Magistard®'^ reported that in the 
pine-apple fruit xanthopliyll was present to 
the extent of 2-7 [agm./gm. and carotene to 
the extent of 2-8 (jigm./gm. Two varieties 
of pine-apples grown in India were studied 
for their carotenoid content. 5 different 
pigments were isolated, namely xanthophyll, 
neo-xanthophyll, (3 -carotene, neo-p -carotene 
U and neo-p -carotene B. 

Banana ( Musa sapientum ) ; Guava ( Psi- 
dium guajava ) ; Musk-melon ( Cucumis melo) ; 
Grapes ( Vitis vinifera ) & Mosamhique 

Oranges — The amount of carotenoid pig- 
ments present in these fruits is very small. 
2 different pigments were isolated from all 
the fruits except in the case of Mosambique 
oranges and banana. , In the former neo-p- 
carotene B and in the latter neo-p -carotene U 
were also detected in addition to xanthoph 3 dl 
and p-carotene. In the case of guava the 
carotenoid pigments .present both in the 
peel and the pulp were determined sepa- 
ratel 3 \ The guava peel has been found to be 
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richer both in carotene and xanthophyll 
than tlie pulp. 

Summary 

The carotenoid pigments present in dif- 
ferent varieties of 1 1 common Indian fruits 
have been isolated, identified and estimated 
by the chromatographic technique. The 
fruits studied include water-melon, peach, 
mango, papaya, apricot, pinc-apj)le, banana, 
guava, musk-melon, grapes and Mosambique 
oranges. 

Out of the fruits examined, mango has 
been found to be a rich source of vitamin 
A, while peach, papaya and apricot are 
moderatel\’ rich sources of the vitamin. 
Water-melon, though rich in total carote- 
noids, is poor in tlu; provitamin A. Banana, 
pine-a[)ple, grapes, guava, musk-melon and 
Mosambique oranges are ]30or sources of 
vitamin A. 
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Grain-size Properties of Some Railway Steels 

B. R. N 1 J H A W A N 

National Metallurgical Laboratory, Jamshedpur 


I T has now been universally established 
that austenitic grain-size control of 
steel confers upon it a set of character- 
istic beneficial properties. The theo- 
ries and mechanisms of austenitic grain-size 
control have been discussed by the author 
in an earlier paper^. Briefly, austenitic grain 


size of steels is influenced by the deoxidation 
practice of steel making in general and by 
aluminium additions in particular. Strong 
deoxidation with aluminium renders the 
steel fine grain, while a steel containing 
little or no aluminium is coarse grained — its 
austenitic grains coarsen rapidly at high 
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temperatures. The aluminium content of 
coarse grained steels varies up to 0 003 per 
cent. Normally an excess of 0 02 — 0*04 per 
cent aluminium over that required for de- 
oxidation makes the steel fine grained. 
Railway steels made two decades back 
were mostly coarse grained. 

It is with the railway steels of past days, 
and with some of those of recent make, 
partially or fully deoxidized with aluminium, 
that this investigation is concerned. The 
railway steels imade twenty to thirty years 
ago were taken for investigation after the 
products made from them, e.g. tyre, wheels, 
etc., had worn down too thin to be safely 
employed. The old tyre steels examined 
had mostly done 300,000 to 400,000 miles 
of actual service mileage under heavy traffic 
loads, whereas the new steels put up for 
relative study had yet to enter service. 
These new steels contained up to a maximum 
of 0 01 5 per cent aluminium in solution. 

Several factors determine the amount of 
aluminium added to steel, e.g. the carbon 
content, temperature, state of deoxidation, 
silicon content of the bath, the manner of 
adding aluminium and the form of alumi- 
nium used. Generally, the lower the carbon 
content, the greater is the amount of 
aluminium required for grain-size control. 
Less aluminium will be required for a steel 
of 0*25 — 0*30 per cent silicon than one of 
0*15 — 0*20 per* cent silicon. The state of 
deoxidation of the bath at tap is indicated 
by the residual silicon content. 

Coarse Sc Fine Grained Steels 

Inherently fine grained steels possess 
certain marked favourable physical pro- 
perties compared to the inherently coarse 
gained type, the most outstanding of which 
is their high impact toughness. , 

Impact & Tensile Properties — In normal- 
ized condition the fine grained steels have 
a slightly lower ultimate tfensile strength, a 
higher elongation and a substantially higher 
notched-bar toughness. This is illustrated 
in a Q- 40 per cent carbon steel as follows : 

Grain size Tensile Elongation Izod 

strength ~ impact 

tons I sq. in. ft. lb. 

Coarse 44 22 15 

Fine 40 26 55 

The author obtained the following values 
with 0*20 per cent carbon steels, one treated 
with aluminium and the other alumnium 
free, both in the normalized state : 

Fine grain . . 82*4 ft. lb. average. 

Coarse gimn . . 37*6 ft. lb. average. 


When inherently fine and coarse grained 
specimens of the same steel are quenched 
from above the critical temperature range 
and tempered under the same conditions, 
the former have a slightly lower tensile 
strength, a slightly higher elongation and 
reduction in area and a substantially higher 
notched-bar toughness. Swinden and Bol- 
sover^ obtained the following results in the 
case of 0*5 per cent carbon steel oil quenched 
from 840X. in the form of 1|" diameter bar 
and tempered at 650°C. : 


Grain size 

Tensile 

Yield 

Elongation Reduction 

Izod 


strength 

stress 

% 

of area 

impact 


fons/sq. in 

tonslsq. 

in. 

0/ 

/o 

ft. lb. 

Coarse 

53*1 

37*0 

25*5 

59*2 

lfi*7 

Fine 

60*0 

35 * 1 

27 0 

01 * « 

76*0 


The impact toughness of the fine grained 
steel was distinctly superior. When this 
fine grained steel after quenching was 
tempered at 600°C., it gave the following 


values : 

Tensile 

Yield 

Elongation 

Reduction 

Izod 

strength 

stress 

% 

of area 

impact 

tonsfsq. in. 

tonsjsq.in. 


0/ 

/o 

ft. lb. 

53*4 


26 

57*2 

54 • 7 


The tensile strength was the same as that 
of coarse grained steel but the izod value 
was much higher. Scott^ has shown that 
when the coarse and fine grained types of the 
same steel are heat treated to give the same 
hardness value, say between 400 and 600 
V.P.H.No., the toughness of the fine grained 
type is much greater than that of the coarse 
grained. 


Grain size 

Hardness 

value 

Izod 
impact 
value 
ft. lb. 

Fine 

440 

37 

Coarse 

440 

8 

Fine 

600 

25 

Coarse 

600 

6 


Davenport and Bain® took one carbon tool 
steel, heated to different temperatures above 
the critical temperature range to develop 
different austenitic grain sizes, quenched 
from a uniform temperature and tempered at 
different temperatures to give a Rockwell 
hardness of C 50. The results obtained are 
given below ; 

Heating Quenching Austenitic Hardness Impact 
temperature UmPerature grain size C ft. lb. 

®C. . ^C. developed at Rockwell 

the heating 
temperature 


760 

760 

Very^ne 

50 

11 

845 

760 

Fine 

50 

3 

030 

760 

Coarse 

50 

2 

1010 

760 

Very coarse 

50 

1 
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No. Materials 


TABLE I 

Chemic al composition 


Tensile properties 


Carbon Manga- Silicon Sulphur Phos- Nickel Cliro- Maximum Yield 

% nese % % phorus °'o mi urn stress stress elon- 

' % ' % tons/sq. in. tons/sq. in. gation 


reduction 
of area 


Set I: 

1 Tyre steel, mileaep 0-56 0-53 0 40.5 0 03.5 0 027 nil 0-57 .57-88 2fl 31 14 06 30-72 

run 36,342 miles by 
tyre 


5 Tyre steel. tiiileaRe 0-60 0-57 0-34 0-036 0-035 nil nil 60-42 28-32 14-06 31*80 

run 205,570 miles 
by tyre 


10 Tyre steel, mileage 0-59 0-58 ... 0-040 0-036 nil 0-57 58 61 28-02 14-84 32-03 

run .312,656 miles 
by tyre 


11 Tyre steel, mileage 0-63 0-88 ... 0 039 0-02.5 nil nil 57-4 25-02 13-28 25.14 

run over 350,000 
miles by tyre 


12 Tyre steel, mileage 0-62 0-72 0-348 0-038 0-038 nil nil 53-6.3 25-11 16-4 26-71 

run 445,668 miles 
by tyre 


Set 11 

A Tyre steel % 0-58 0-62 0-385 0-043 0-030 nil nil .50-60 23-08 18-75 80-16 


B Tyre steel 0-66 0-62/3 0-415 0-042 0-023 nil nil 49-17 26-49 17-96 34-04 


C Wheel steel 0-49/-50 0-70 0-360 0-038 0-051 nil nil 46-86 21-87 17-18 35*83 


D Wheel steel 0*.50 0*06/5 0-347 0-045 0-048 nil nil 45-95 23-10 21-09 39-50 


E Wheel sifeel 0-51 0-68 0-360 U-048 0-045 nil nil 51-28 23-27 l.>-62 28*62 

Frotn a correlation of the grain structures revealed by the Mcc^uaid-Ehn carburizing austenitic grain tests as also to some extent by 
the normalized structures, it would be observed that with identical steel compositions, the coarse Mcquaid-Ehii grain size is associated with 
much lower izod impact value, slightly higher tensile and yield strengths, lower percentage elongation or reduction of area and slightly higher 
hardness value than the fine Mcquaid-Ehn grain size steel. This contrast in the properties is appreciably shown by steel No. E ( Set II 
possessing coarse grain size in relation to steel Nos. C and D ( Set II ) showing fine grain sizes. Steel No. E ( Set II ), although of practically the 
same composition as C and D ( Set II ), possesses a lower izod impact toughness, slightly higher tensile strength, lower percentage elongation 
and reduction of area, and slightly higher hardness than the fine grained steel Nos. C and D ( Set II }. 

, The same contrast in physics^l properties and austenitic grain sizes is afforded by fine grained steel Nos. A and B ( Set. II ) and coarse 
grained. Nos. 5, 10 and 1 ( Set I ). These two different makes of steel are of identical composition qxcept for slight residual chromium in case of 
steel Nos. 1 and 10. Steel No. 5 ( Set I ) was of practically the same composition as steel Nos. .A, and B ( Set II ). Set I steels possessed coarse 
austenitic grain sizes and gave somewhat higher tensile and yield strengths, lower percentage of elongation and reduction of area, higher 
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TABLE I 


Physical tests Metallurgical examinations 



Izod impact values 

JL. 


Bend test 

A_ 

Hardness test 

— \ r- 

Inclusion count 
determination 
( average of 

5 fields, on 
longitudinal 
sections at 
( X 100), field 
diameter 8 cm. ) 

^ 

Mcquaid-Ehn 

austenitic 

carburizing 

grain-size 

structures 

1st 
notch 
ft. lb. 

2nd 
notch 
ft. lb. 

3rd 
notch 
ft. lb. 

Average 
ft. lb. 

Longi- 
tudinal, 
angle of 
bend on 
fracture 

Trans- 
verse, 
angle of 
bend on 
fracture 

Longi- 

tudinal, 

V.P.H. 

No. 

Trans- 

verse, 

V.P.H. 

No. 

Micro 

examination 
of normalized 
structures 










Elon- Globu- 
gated lar 

type type 


4 

4 

4 

4 


33" 

266,265, 

267, 

average 

266 

263 

Sorbo-pearlitic 
grains with 
ferrite mesh 
work. Norma- 
lized structure 
( Fig. 1 ) 

4-6 1-3 

Fairiy coarse 
grain structure 
( Fig. 9, sodium 
picrate etching ) 

.‘15 

4 

4 

3-83 

62" 30 

39" 

263, 263, 
263, 
average 
263 

262 

do 

6-10 1-2 

Coarse grain size 
( Fig. 10, 
sodium picrate 
etching ) 

5 

5 

5 • 5 

516 

54“30 

31" 

266, 268, 
262, 
average 
265 

260 

do 

6 10 1-2 

Coarse grain 
structure 
( Fig, 11, 
sodium picrate 
etching ) 

,5 

5 

5 • .5 

5- 16 

36" 

20" 

262, 269, 
269. 
average 
266 

262 

Coarse sorbo- 
pearlitic grain 
structure with 
ferrite net- 
work ( Fig. 2 ) 

6-10 1-2 

Coarse grain 
structure 
( Fig. 12, 
sodium picrate 
etching ) 

0-5 

3 

5 

4-83 

40" 

20" 

236, 232, 
236, 
average 
234 

236 

Coarse sorbo- 
pearlitic grain 
structure with 
ferrite net- 
work ( Fig. 3 ) 

4-6 1-3 

Coarse grain 
structure 
( Fig. 13, 
sodium picrate 
etching ) 

10-5 

11 

10 

10 • 5 

6r30 

52" 

216, 215. 
216, 
average 
216 

225 

Very fine sorbo- 
pearlitic grain 
structure with 
boundary fer- 
rite enclosures 
( Fig. 4 ) 

4-6 1-3 

Fine grain size 
in general with 
area of duplex- 
ed grain struc- 
ture. ( Former 
grain structure. 
Figs. 14 &15; 
latter. Figs. 16 
lSc 17, sodium 
picrate etching ) 

12 

10'.5 

10 

10-83 

104" 

24" 

216, 216, 
216, 
average 
216 

■ 217 

Very fine sorbo- 
pearlitic grain 
enclosed in 
boundary fer- 
rite ( Fig. 5 ) 

4-8 4-6 

do 

10 

10 

10 

10 

04" 

49" 

208, 200, 
207, 
average 
208 

210 

Very fine sorbo- 
pearlitic grains 
with boundary 
ferrite (Fig. 6) 

2 6-10 

do 

15 

14 

14 

14-3 

93" 

45" 

204, 205, 
204, 
average 

204 

208 

Very fine sorbo- 
pearlitic grain 
structure with 
ferrite enclo- 
sures ( Fig. 7 ) 

4-6 1-2 

do 

6 

6 

6-5 

6-16 

50" 

81" 

235, 235, 
235, 
average 
235 

235 

Extremely 
coarse sorbo- 
pearlitic grain 
structure with 
ferrite bounda- 
ries ( Fig. 8 ) 

6 1-2 

Coarse grain 
structure in 
general ( Fig. 
18 sodium pic- 
ate etching ) 


Sr lower izod impact values in relation to the finer austenitic grain-size steels Nos. A and B of Set II which gave somewhat 

e tensile and yield strengths and hardness values, higher percentage elongation and reduction of area and fairly higher izod impact values, 
hnwft.fflr transverse bend tests give a good indication of the relative inclusion contents of the various steels — the longitudinal bend test, 
m no?/’ the relative ductility of the materials. The excellent physical set of properties of the steels of Set I after 
prolonged*^* ■ i mileage should dispel the doubts of engineers who fear that steel gets “fatigued” or “deteriorates” during 
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Figs, — Nital etqh. ( xlOO ), Figs. 9-12 — Sopium pxcrate etch. ( xlOO) 








46 


JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH [ Vol. VIIIB, No. 2 


These results show that the austenitic 
grain size established during heating greatly 
influences the toughness of the heat-treated 
steel. 

O'NeilB gave the following results for 
straight carbon steels in coarse and fine 
grain condition : 


A B 

% % 


Carbon 

0-35 

0*35 

Silicon 

0-22 

0-2.5 

Manganese 

0-9.5 

0*96 

Sulphur 

0*027 

0-027 

Phosphorus 

0 030 

0-030 

Nickel 

0*44 

0-40 

Chromium 

0*00 

0*09 

Aluminium 

0 001 

0-009 

Grain 

Coarse 

Fine 

Yield stress, tons/sq. in. 


30-4 

Max. stress, tons/sq. in. 

44^6 

43-4 

Elongation, % 

64 

60 

Izod value, ft. lb. 

X2 

93 


Properties of Railway Materials 

The materials examined consisted of 2 
sets. Set No. I comprising of railway 
locomotive tyres fabricated about a couple 
of decades ago and which had given excellent 
service mileage of, in some cases, 300,000 to 
400,000 miles under heavy traffic loads. 
Set No. II was made up of railway tyres 
ready to go into service. The steels of Set 
No. I contained but traces of aluminium in 
solution of the order of 0 002 per cent while 
those of Set No. II contained between 0 008- 
0 01 per cent of^dissolved aluminium except 
steel No. which showed an aluminium con- 
tent of the same order as that of Set No, I. 

Table I gives the results of the chemical, 
physical and metallurgical tests carried out. 
For each test, test pieces of standard dimen- 
sions were taken. To start with, a block of 
standard size ( lO'^x ) was cut-out 

of the railway tyres and wheels. The blocks 
were then "'normalized'' under standard con- 
ditions. From such blocks standard dimen- 
sioned test pieces were machined out for 
each of the physical and metallurgical tests. 

HardenabUity — The properties of quench- 
ed steels are more directly xelated to their 
austenitic grain size than those of annealed 
or normalized steels. It is necessary to 
differentiate between the potential maximum 
hardness attainable and hardenability or the 
depth of hardening of the mass of the 
metal. The maximum surface hardness 
attained on quenching does not greatly 
depend upon the austenitic grain size for a 
given* mass but the depth, of hardening is 
influenced by the austenitic grain size to a 
marked degre^ This is illustrated in Fig. 19. 



Fig 19 — Variations in hardenability with 
GRAIN SIZE : Fine grained steel contained 
0*02 per cent aluminium while the coarse 

GRAINED WAS ALUMINIUM FREE. BoTH STEELS 
WERE QUENCHED FROM 980X. 



Fig. 20 — Variation of hardenability with 
GRAIN SIZE ; Upper curve represents a deep 
hardening coarse GRAINED STEEL AND THE 
lower curve a FINE GRAINED SHALLOW HARD- 
ENING STEEL IN WHICH THE HARDNESS DROPS TO 
A VERY LOW VALUE IN THE CORE. ThE SURFACE 
HARDNESS IS THE SAME IN BOTH THE CASES. BOTH 
THE STEELS WERE QUENCHED FROM THE SAME 
TEMPERATURE. 

In general, the fine grained steels are 
shallow hardening and the coarse grained 
types are deep hardening and less subject 
to mass effect (Fig. 20 1. 




February 1949] grAIN-SIze l>ROt>ERTlES of some railway STeElS 


47 


Due to large austenitic grain boundary 
surface areas in the case of fine grained 
steels, the transformation rates of these 
steels on quenching are faster than the 
coarse grained types. So in the case of the 
former the core undergoes comparatively 
rapid transformation and liberates more 
of the ferrite which makes it less hard and 
renders the steel shallow hardening. 

Since the toughness or impact values of 
hardened steels increase as the hardness 
diminishes, fine austenitic grained steels 
are not so hard in the core as coarse austeni- 
tic grained steels. Therefore, they have 
tougher cores and resist dynamic stresses 
to a greater extent than similar deep harden- 
ing coarse austenitic grained steels. Fine 
grained plain carbon steels can be econo- 
mically substituted for low alloy steels 
where high core toughness is important. 
However, in tool and certain other types of 
steels where deep hardening properties are 
essential, the fine grained steel is unsuitable. 
Alloying elements like manganese, etc., add 
to the deep-hardening properties of the 
steel. 

Fine grained steels are less liable to 
macroscopic cracking during quenching. 
Cases are on record where, by making the 
steel inherently fine grained through suitable 
deoxidation, the rejections due to cracking 
in the heat treatment were entirely elimi- 
nated. Fine grained steels are also less 
liable to warping and distortion during 
heat treatment. It has been further estab- 
lished that the micro-cracks observed in 
quenched steels result from large dimen- 
sional changes that increase with increasing 
grain size. Thus, the superior toughness of 
fine grained steels is due, to some extent at 
least, to the existence of a smaller number of 
microscopic cracks. Coarser grained steels 
have a higher internal stress after quenching 
and are, therefore, more susceptible to 
grinding cracks than the finer grained types. 

However, due to their more rapid rates of 
transformation, finer grained steels are more 
prone to soft spots on quenching and are not 
suitably where full uniform hardening 
throughout the section is desired. 

Machinability & Surface Finish & Forge- 
ability & Pressing — The view is widely 
held in America that coarse grained, steels 
machine better than fine grained. It is 
stated that in the coarse grained steels the 
size of the final ferrite and carbide lamellae 
resulting from the transformation of auste- 
nite is coarser and hence better machin- 


ability is imparted. However, completely 
identical results have not been obtained. 
Where there is a great difference in the 
machinability as in the case of free cutting 
and ordinary steels, it is easily perceptible, 
but when the difference is small, it is 
difficult to discover which of the two types 
possess superior machining properties. 
However, the coarse grained structure 
causes roughness of the finished surface and 
the fine grained steels give a superior finish. 
In punch press operations fine grained 
steels exhibit several advantages over the 
coarse grained types. It has been shown 
that the finished surfaces of fine grained 
mild steels were much superior to those of 
coarse grained steels since the latter became 
rough after deep drawing whereas the fine 
grained steel remained .smooth and uniform. 
In blanking, fine grained types shear cleaner 
and exhibit smaller burrs and are less 
embrittled by cold work and, therefore, may 
be drawn deeper and show fewer defects 
than the coarse grained steels. Fine grained 
steels are more suitable for heavy punching 
operations, drastic cold rolling, shearing and 
trimming. 

Coarse grained steels forge more readily 
than fine grained types due to low inter- 
ference to slip in the coarse grained types 
and coarse grained types give better fibre 
structures than the fine grained steels on 
forging. 

Carburizing Characteristics — It has been 
observed that the rate of diffusion of carbon 
into fine grained austenite is less rapid than 
in the coarse grained austenite and so fine 
grained types carburize less deeply and more 
.slowly than the coarse grained steels. Fine 
grained steels are prone to give abnormal 
or soft spots on quenching after carburiza- 
tion. Abnormal spots refer to a coalesced 
state of carbide which causes low hardness 
values. The object of carburization is to 
obtain components with a case possessing a 
high surface hardness and of sufficient 
depth and a soft but tough core. The 
carbon content of a low carbon steel is 
usually raised by heating for a sufficient 
length of time in a carburizing atmosphere, 
i.e. usually in a container packed with a 
solid carburizing compound. The carbu- 
rized material is then quenched to harden 
the case. Apart from the shallow-hardening 
characteristics of fine grained steels, these 
are ideal for carburizing. During the pro- 
longed heating at the carburizing tempera- 
ture, pronounced grain growth occurs in 
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steels which have not been suitably de- 
oxidized and are, therefore, coarse grained. 
So after case-carburization, grain-refining 
treatments have to be carried out. The 
following is a complete cycle : 

(a) Carburization and air cooling of the 
box after carburization. 

(b) Heating the material to just above the 
critical temperature range of the core, about 
SSO^-SSC'C. to refine its grain size, followed 
by quenching in oil or water. 

(c) Heating just above the critical tem- 
perature range of the high carbon case, about 
750°-770X. to refine its grain size, followed 
by quenching in oil or water. 

(d) Final tempering at about 200'^C. to 
relieve the internal stresses. , 

Where fine grained steels are employed, the 
core and case retain fine grained character- 
istics after prolonged heating at the carbu- 
rizing temperature and hence the core and 
case grain-refining operations; etc., can be 
safely omitted and the case-carburized 
material quenched directly from the carbu- 
rizing box. In some cases even the final 
tempering may also be dispensed with. 
It is now realized that so long as an allow- 
ance is made for the slower penetration of 
carbon in fine grained steels, these have pro- 
nounced advantages over the coarse grained 
types in materially cutting down heat- 
treatment costs and time, yielding more 
production of an equally good, if not better, 
case-hardened material. There is always 
the danger of warpage, distortion, macro- 
cracks in the heat-treatment cycle following 
carburization of the coarse grained steels, 
e.g. in case-hardened gear applications. 
Such dangers practically do not exist in fine 
grained steels. 

Pipe ” .• Shrinkage Cavity — Fine grained 
steels tend to give a deeper pipe than normal 
coarse grained steels. 

Decarburization — Coarse grained steels 
show a greater tendency towards decar- 
burization than the fine grained types. 

Ageing — Fine grained steels age much 
less than coarse grained steels. The coarse 
grained steels show after ageing an increase 
in the hardness, tensile strength, yield point 
and a greater loss in the impact toughness, 
reduction of area and elongation values 
than the fine grained steels. In one case. 


the impact toughness of a fine grained steel 
was actually shown to increase after ageing. 

Temper-brittleness — Temper-brittleness is 
the name applied to the loss of ductility 
or impact toughness that results after 
tempering hardened specimens to a tem- 
perature below the critical range followed 
by slow cooling. Steels containing alloying 
elements like nickel, chromium are chiefly 
susceptible to temper-brittleness. It has 
been shown by various workers that after 
tempering in the temper-brittleness range 
the izod impact values of the fine grained 
steels are much greater than coarse grained 
steels although the latter is somewhat less 
susceptible to temper-brittleness than the 
fine grain aggregates. 

Magnetic Properties — Riider^ has corre- 
lated the existing data of the effect of 
grain size upon the magnetic properties of 
steels and has shown that hysteresis, 
coercive force and residual magnetism all 
decrease with increase in grain size. This 
condition varies with prior treatments, 
whether mechanical or chemical, and conse- 
quently the effect of grain size cannot 
readily be ascertained. 

Size Control & 

Its Practical Applications 

; A full understanding of The character- 
istics of fine and coarse grained steels has 
led to the choice of each type for different 
.purposes. Coarse grained steels are recom- 
mended for easy machinability, deep hard- 
ening, etc., and fine grained steels are pre- 
ferred for advantages hitherto obtained 
from alloying elements, e.g. greater toughness 
with given strength and hardness, wide heat- 
treating range, freedom from danger of 
cracking, warpage, etc., and the elimination 
of grain-refining treatments after carburizing. 
All these attributes should be taken into 
consideration for the purpose of selection 
of the steel for a particular purpose. 
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Chemical Examination of 
the Oil from the Seeds 
of Gmelina asiatica Linn. 


J. S. AGGARWAL & (Miss) PADMINI SONI 

Chemical Laboratories, Council of Scientific & Industrial 
Research, Delhi 


G melina asiatica Linn., common- 
ly known as Badhara in Hindi, belongs 
to the natural order Verbenaceae. 
It is a large and much-branched 
shrub of the forests of South India, Burma 
and Ceylon. It is also cultivated in Bengal. 
The root has been used as a demulcent and 
alterativeh and in the treatment of rheu- 
matic pains and syphilitic diseases^. But 
for a paper on the chemistry of the oil from 
the seeds of Tectona Grandis ( Teak ) by 
Puntambekar and Krishna^, no work on the 
seed oils from the plants of this natural 
order has been reported in the literature. 
Puntambekar and Krishna have not reported 
results on the sep^aration and identification 
of individual acids by fractional crystalliza- 
tion or by fractional distillation of their 
methyl esters. It was, therefore, consi- 
dered of interest to undertake the chemical 
examination of the fatty oil from the seeds 
of Gmelina asiatica Linn., which belongs 
to the same natural order. 

The seeds of Gmelina asiatica Linn, contain 
about 7*5 per cent of fatty oil with the 
following fatty acid composition : palmitic 
acid, 9-57 per cent ; stearic acid, 19-67 per 
cent ; linoleic acid, 25*83 per cent ; oleic acid, 
33-64 per cent; and ricinoleic acid, 11-29 
per cent. The unsaponifiable fraction of the 
oil consists of sitosterol and a small amount 
of yellowish-orange colouring matter. 

The oil belongs to the semi-drying class. 

Experimental 

Powdered badhara seeds were extracted 
4 times with petroleum ether ( 40°-60X. ). 


After removing the solvent about 7-5 per cent 
of a greenish-yellow oil having the following 
characteristics was obtained : 


Specific gravity at 40"C. 

0*9132 

V iscosity at 40 C. 

34*1 cen 

Refractive index at 40 C. 

1 *4645 

Acid value 

10*45 

Saponification value 

191*75 

Iodine value ( W’ijs ) 

100*4 

Acetyl value 

11*8 

Hehner value 

93*12 

Hexabromide value 

nil 

Unsaponifiable matter 

2*20% 

Soluble fattv acids calculated 

as butyric acid 

0*94% 

Saturated fatty acids ( modi- 


fied Bertram method )* 

28*2% 


250 gm. of the oil were saponified with an 
idcoholic solution of caustic potash and the 
soap dissolved in water. The unsaponifiable 
matter was removed with ether and the soap 
solution decomposed with dilute sulphuric 
acid. When heated on the water bath, the 
fatty acids formed a clear oily layer at the 
top. They were removed by extraction with 
ether and dried in vacuum at lOOT. 

The acids ( 200 gm. ) were dissolved in 
95 per cent alcohol ( 1,000 c.c. ), the solution 
was boiled and mixed with a boiling solution 
of lead acetate ( 140 gm. ) in 95 per cent 
alcohol ( 1,000 c.c.) containing 1-5 per cent 
glacial acetic acid. The insoluble lead salts 
obtained on cooling at 15°C. overnight were 
crystallized from alcohol containing 1-5 
per cent glacial acetic acid and recrystallized 
from ether at 0°C. when an almost white 
crystalline material was obtained. The 
solid acids were regenerated from these lead 
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salts. The liquid acids were recovered from 
the lead salts left on the evaporation of the 
mixed ether and alcohol mother liquors. 
The amounts of soluble and insoluble lead 
salt fatty acids as well as some of their 
characteristics are given in Table I. 


TABLE I 


Fatty acids 

AMOUNT 

% 

Neutral* 

IZATION 

VALUE 

Ion. 

VALUE 

Acetyl 

VALUE 

Total 


197-7 

101-4 

15-0 

Soluble lead salt 

71-9 

193-0 

116-6 

26-4 

Insoluble lead salt 

28-1 

205-9 

1-1 

nil 


Soluble Lead Salt Fatty Acids 

The soluble lead salt fatty acids on oxida- 
tion with potassium permanganate ( modi- 
fied Bertram method^ X gave 1*5 per cent 
saturated acid, identified as palmitic acid. 

The liquid acids were converted into 
methyl esters, and a known weight was 
fractionally distilled under reduced pressure®. 
The temperatures and pressures maintained 
during the distillation and the weights of the 
fractions obtained are given in Table II. 

TABLE II 

Weight of ester distilled, 57*0 gm. 


Fraction 

Temperature 

Pressure 

Weight or 

No. 

"C. 

mm. 

fraction 




gin. 

L-1 

185-190 

9-0 

7-51 

L-2 

190-198 

9-0 

6-39 

L.8 

*198-206 

9-0 

7-97 

L-4 

205-207 

9-0 

8-52 

L-5 

207-210 

9-0 

7-49 

L-6 

212-220 

10 0 

7-35 

L-7 

220-230 

10-0 

4-14 

L-8 

230-240 

10-0 

3-80 

L-9 

Residue 


1-98 




55-10 


The loss in distillation ( 1*9 gm, ) was 
proportionally divided and added to each 
fraction. The saponification and iodine 
values were determined and the ampunts of 
individual esters in each fraction were 


calculated. The results obtained are given 
in Table III. 

The acids from L-3 and L-6 were oxidized 
with dilute alkaline potassium permanga- 
nate® when tetrahydroxy stearic acid ( m.p. 
173°C. ) and dihydroxy stearic acid 
(m.p. 130X. ) were isolated from both the 
fractiohs. Acids from L-7 gave trihydroxy 
stearic acid (m.p. IIOX. ) by this treat- 
ment. The composition of soluble lead salt 
fatty acids is as follows : 



% 

Palmitic acid 

1-67 

Linoleic acid 

36-04 

Oleic acid 

46-27 

Ricinoleic acid 

16-02 


The bromine addition derivatives of the 
soluble lead salt fatty acids were prepared 
according to the method of Eibner and 
Muggenthalor’ as described by Jamieson and 
Boughmann®. The results are as follows : 


Soluble lead salt acids taken for 
analysis 

3-3157 gm. 

Palmitic acid from Bertram's 
method 

0-05 gm. 

Ricinoleic acid calculated from 
acetyl value 

0-5106 gm. 

Linoleic tetrabromide insoluble in 
petrol ether, m.p. 114®-115°C. 

1-2850 gm. 

Residue ( tetrabromide, dibromide 
of oleic and ricinoleic acids 
and palmitic acid ) 

4-5688 gm. 

Bromine content of the residue 

40-29% 

Linoleic tetrabromide in the residue 1-2589 gm. 

Total tetrabromide found 

2-5439 gm. 

Linoleic acid equivalent of tetra- 
bromide, I T 872 gm. 

35-8% 

Oleic acid in the liquid acids 

47-3% 

The mean values obtained for these acids 

from distillation and bromination results are : 

Palmitic acid 

% 

1-58 

Linoleic acid 

35-92 

Oleic acid 

46-79 

Ricinoleic acid 

15-71 


TABLE III 


Fraction 

Corrected 

lOD. 

Sap. 

Mean mol. 


Weight 

OP ESTERS 


No. 

wt. 

VALUE 

VALUE 

wt. 

- — — 


A , — . 







Methyl 

Methyl 

Methyl 

Methyl 






palmitate 

linoleate 

oleate 

ricinoleate 






gm. 

gm. 

gm. 

gm. 

L-1 

7-76 

98-14 

194-62 

288-4 

0-9 

2-0 

4-86 


L-2 

6-61 

110-07 

m-2 

294-9 

0-06 

1-91 

4-64 


L-8 

8-24 

127-2 

I . 190-04 

295-22 


3-94 

4-30 


L.4 

8-81 

137-2 

190-17 

295-0 


5-23 

3-58 


L-5 

7-75 

145-8 

190-29 

294-8 


5-87 

2-38 


L-6 

7-64 

309-5 

189-84 

293-6 


2-10 

5-54 


L-7 

4-29 

81-5 

181-08 

309-8 



0-54 

3-75 

L-8 

8-90 

8L-6 

, 180-97 

810-0 



0-50 

3-40 

L-9 

2-00 

81-0 

379-81 

312-0 



0-04 

1-96 


Total 67 00 


20-55 


26-38 


»-ll 




March 1949 ] examination of the oil from the seeds of Gmelina asiatica 


51 


Insoluble Lead Salt Fatty Acids 

The insoluble lead-salt acids after con- 
version into methyl esters were distilled 
under reduced pressure. The fractions 
obtained are given in Table IV. 


TABLE IV 


Weight of esters distilled, 46*5 gm. 


RACTION 

Temperature 

RANGE 

“C. 

Pressure 

111 in. 

Weight of 
fraction 
gin. 

S 1 


3-4 

» 4 

S-2 

1 1»2- 1 SM) 

.3-4 

13-2.3 

s 

n»fi-2(Kl 

.3-4 

10-8S 

S-4 

20(1-2(12 

.3-4 

6-4 

ST) 

2(I2-*J0.') 

5 

.3-«<.) 

ST) 

Kesidue 


1-30 

45-20 


From the above analysis the total fatty 
acid constituents of the- seeds of Gmelina 
asiatica Linn, are as follows : 


, u 

Palmitic acid 9*57 

Stearic acid 19-67 

Linoleic acid 25-83 

Oleic acid 33*64 

Ricinoleic acid 11*29 


The composition of the oil, therefore, is the 
following : 


'Palmitic acid 9-4 1 

Stearic acid 19-27 

Glycerides of < Linoleic acid 25-18 

Oleic acid 32*95 

Ricinoleic acid 10-99 

Unsaponi liable matter consisting 
of sitosterol and a yellowish- 
orange colouring matter 2*2 


TAB 


I'RA( TION 

Nn. 

C0HRE( TED 

loD. VALUE 

Sap. valu 


gin. 




SI 


9-G7 

0 68 

lOG 14 

S 2 


13- GO 

1 -02 

194 • 75 

S3 


1M« 

1-10 

192-55 

S-4 


G • 59 

1-14 

191 -fK) 

S-5 


4-11 

1 20 

190-29 

S-G 


1 • 35 

111 

189 (Kl 


Total 

4G-5U 




The loss in distillation ( T3 gm. ) was 
added proportionally to each fraction. The 
iodine values, saponification values and 
the mean molecular weights of all the 
fractions were determined and the amounts 
of the various acids in the different fractions 
calculated according to the method of 
Jamieson and Boughmann® ( Table V ). 

The acids from fraction S-1 on repeated 
crystallization from alcohol and acetone 
gave a product melting from 60° to 66°C. 
showing it to be a mixture of palmitic acid 
( m.p. 63X. ) and stearic acid ( m.p. 69X. ). 
The acids from fraction S-5 on repeated 
crystallization from acetone gave stearic 
acid. 

The amount of individual saturated com- 
ponents in the insoluble lead salt fatty acids, 
therefore, are as follows : 

% 

Palmitic acid 30 

Stearic acid 70 


E V 

Mean mol. Weight of esters 


WT. 



Methyl 

Methyl 

Unsaturated 


palmitatc 

stearate 

esters 


gm. 

gm. 

gm. 

285 • 9 

4-3 

5-31 

0-06 

287-97 

5-03 

8-45 

0-12 

291-2 

2-84 

8-23 

0-11 

293-71 

1-1 

5-43 

0-06 

294 - 90 

0-.53 

3-54 

0-04 

20G-82 

0-08 

1-2G 

0-01 


13-88 

32-22 

0-40 
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Metabolism of Carotenoid Pigments 
in Plant Leaves During Development 

J, C. SAD AN A & BASHIR AHMAD 

Chemical Laboratories, Council of Scientific & Industrial Research, 
Delhi : 6* University Institute of Chemistry, Lahore 


E arlier work on the carotenoids 
of leaves showed that carotene begins 
to develop soon after the germina- 
tion of the seed^*^. After germination 
the carotene content increases with the 
growth of the plant until the plant reaches 
maturity when it begins to decrease 
Ramanov® reported decrease in carotene 
content of leayes in the early stages of growth. 
Beck* reported that both xanthophyll and 
carotene increased with the age of the plant 
even though grown in the dark, but the rate 
of development decreased with time. Mackin- 
ney^® has shown that there is apparently no 
significant change in the ratio of a- : p-caro- 
tene with the degree of development in the 
leaves of English ivy and the coastal red 
wood. Virtanen and co-workers^^ reported 
that the total quantity of carotene of a plant 
increased rapidly up to the time of blooming 
and then diminished as the plant matured. 
Hauge^* foiind that alfalfa, when 
high, contained almost twice as much p- 
carotene as when it was in full bloom. This 
observation has been confirmed by Hilton, 
Hauge and Wilbur^® who found in young 
alfalfa, high, 90 units of p-cartone 

per gm. while it was only 70 units in the bloom 
stage. They also noticed that soyabean, 
12''-15'' high, contained 45 units of p-carotene 
per gm. while the more mature plant, as cut 
for hay, contained only 30 units. That 
grasses showed a steady decline in the caro- 
tene values with increasing maturity was 
shown by WalB^ and Seshan and Sen^®. In 
oats and barley plants, carotene continues 
to decrease during the period of ripenipg and 
ultimately reaches low values^®. Esselen 
and co-workers^’ found that the p-carotene 
content of maize plant increased as the plant 
reached full growth after which there was a 
marked loss of p-carotene. Similar observa- 
tions have been made by Snyder and Moore^*, 
wjio found that the carotene content of 
alfalfa, brom grass, corn leaves, oat plant 
and soyabean plant is much greater during 
the earlier%tages of growth than after they 


reach the stage of maturity. Bondi and 
Meyer^® reported that the leaves of both 
cultivated and wild plants including those of 
fodders and vegetables, as a rule, contained 
higher amount of carotene if grown in winter 
than when grown in summer, and further 
the carotene content declined during growth. 

The work referred to above deals primarily 
with the development of p-carotene during 
the growth of plant tissues. The formation 
of the various carotenoid pigments and the 
changes that occur in each one of them at 
various stages of the development of the 
plant tissues have not been fully studied. 
It is possible that the development of all 
the pigments do not follow the same pattern. 
The metabolic inter-relationships of different 
carotenoids which a systematic investiga- 
tion could reveal are likely to be of value 
in reaching an understanding of the func- 
tions of these pigments in the plants. The 
leafy tissues of six plants, viz. rape seed, 
fenugreek, spinach, lettuce, cauliflower and 
carrots have been investigated. 

Experimental 

The plants were grown and maintained 
under uniform conditions, as far as possible, 
for the duration of the experiment. The 
leafy vegetables were grown in small plots, 
and the conditions of soil, manuring, irriga- 
tion and climatic factors were uniform for 
all the plants. The specimens were drawn 
from plants of the same age and differences 
obtained in the quantities of carotenoids in 
different species are, therefore, to be attri- 
buted to the characteristics of the species. 

The carotenoids were determined in sam- 
ples of fresh material soon after collection. 
Samples were collected twice or thrice 
weekly from the early stages for about 
two moiiths. Leaves were collected at ran- 
dom from the plant, wrapped in a black 
paper and immediately taken to the labora- 
tory for analysis. About 5 gm. of a represen- 
tative sample were quickly weighed and 
immediately covered with alcohol. A small 
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amount of acid-washed quartz sand was 
added and the tissues ground. The pro- 
cedure followed for the complete extraction, 
isolation and estimation of the carotenoid 
pigments is described in an earlier paper 

Results 

The chromatogram of all the leafy extracts 
showed the presence of five distinct bands. 
Details regarding the characterization of 
the bands has been described in an earlier 
paper*^. Tables I-VI give the analytical 
data relating to the carotenoid pigments 
present in the leaves of cauliflower, fenu- 
greek, carrot, rape seed, spinach and lettuce 
during the various stages of growth. The 
changes of xanthophyll and p -carotene as 
also in vitamin A activity are shown in 
Tables I-VI. 

Discussion 

The leaves have been examined from tlieir 
first appearance up to 46-56 days. The pig- 
ments identified in practically all the leaves 
were xanthophyll, p-carotene and its isomers, 
neo-p-carotene B and neo-p -carotene U, 
and an unidentified pigment. The two 
principal pigments, xanthophyll and p- 
carotene, steadily increased with the develof)- 
ment of the leaves, reaching a maximum in 
18-28 days after which they began to decline. 
This is particularly true in cauliflower, 
carrot leaves and spinach as may be seen 
from Tables I-VI. 

The maxima is reached in 18 days for 
cauliflower, in 28 days for fenugreek, in 27 
days for carrot leaves, in 18 days for rape 
seed and in 25 days for spinach. 

The quantities of neo-p-carotene B and 
neo-p-carotene U present in the leaves 
showed slight variations. 

The unidentified pigment of band II is 
present in relatively small amounts, 3-12 
per cent, and shows very slight variations 
during the development of the leaves. Tn 
the later stages, however, when the leaves 
were beginning to turn yellow, the quantity 
of this pigment increased to about 32-8 
per cent in cauliflower and 42-9 per cent in 
spinach. 

Lettuce, however, showed a different 
behaviour. The examination of the leaves 
of this plaQt were started with the outer 
green leaves w^ich had attained a relatively 
large size. T|iffe estimation of the pigments 
was carried out for a period of 7 weeks at 
bi-weekly^intervals and a progressive fall 
was obtained in all the pigments. The rate 


of fall in both p-carotene and xanthophyll 
varied from 10-30 per cent per week. 

Summary 

Variations in the carotenoid content of 
the leaves of six vegetables during growth 
were studied. The materials examined are 
cauliflower, fenugreek, carrot leaves, rape 
seed leaves, spinach and lettuce. 

In all the leafy vegetables except lettuce, 
both xanthophyll and p-carotene showed a 
steady increase during the early stages of 
growth, after which there was a decline. The 
values for neo-p-carotene B and neo-p- 
carotene U remain unaltered during growth. 

Lettuce showed a decrease both in 
xanthophyll and p-carotene values through- 
out the period of experiment. It is possible 
that in this species maximum values are 
reached very quickly. 

Acknowledgement 

The authors are grateful to the Indian 
Research Fund Association for financing the 
investigations reported in this paper. 


RE P E B EN CF. S 

1. Coward, K. H, & Drdmmond, J. C. \ Biochem 

1921, 15, 530. 

2. Wilson, J. N. : ]. Biol. Chem., 1922, 51, 455 

3. Moore, T. : Biochem. J., 1927, 21, 225. 

4. Arnaud, a. : 1889, Cited by Palmer 'mCaroie 

noids Related Pigments, 1922. 250. 

5. Murneek, a. E. : Science, 1934, 79, 528. 

6. Endres. G., Huttel, R. & Kauffmann, L. 

Ann. Phys. Lpz., t, 1939. 537, 205. 

7. Sherman, W. C. & Salmon, W. 1). ; Food Res. 

1939. 4, 37. 

8. R AMANOV, V. P. : Trudy Vsesoyuz Konferentsi 

Vitaminan, Moscow, 1940, June 19, 265. 

9. Beck, W. A. ; Studies Inst. Divi. Thomae, 1937 

1, 109. 

10. Mackinney, ('.. : J. Biol. Chem., 1933. 108, 45 

11. Virtanen, a. 1., Hansen, S. V. & Saasta 
/ MoiNEN, S. : Biochem. Z., 1933. 267, 179. 

v/12. Hauge. S. M. : /. A ssocn. Official Agr. Chemists, 
1934. 17, 304.' 

13. Hilton, J. H.. Hauge, S. M. & Wilbur, J. W. 

/. Dairy Sci., 1935, 18, 795. 

14. Wall, R. : Ohla. Agr. Expt. Sta. Bull, 1940 

242, 3. 

15. Seshan, P. a. & Sen, K. C. : J. Agric. Sci. 

1942. 32, 202. 

16. Smith, A. M. & Robb, W. : ibid., 1943, 33, 119 

17. Esselen, W. B., Fellers, C. R. & Isgur, B. 

/. Nutrition, 1937. 14, 503. 

18. Snyder, W. W. & Moore, L. A. : J. Dairy Sci. 

1940. 23, 363. 

19. Bondi, A. & Mayer, H. : /. Agric. Sci., 1946 

36,1. 

20. Sadana, j. C. & Ahmad, B. : /. Sci. Ind. Res 

1948. 7B, 96. 

21. Idem., ibid., 1947. 6B, 47. 



Influence of Nucleic Acid on the Action 
of Streptomycin on Certain Pathogens 

( Miss ) MARIAM GEORGE & K. M. PANDALAI 
Department of Biochemistry, Indian Institute of Science, Bangalore 


I N previous papers^ ® we have drawn 
attention to the importance of nucleic 
acids as agents tied up intimately 
with the bacteriostatic effect of peni- 
cillin. The experiments had clearly shown 
that penicillin brings about the bacteriostasis 
of pathogens by interfering with those 
phases in the metabolic and reproductory 
processes in which nucleic acids play im- 
portant roles either as metabolites helping 
cell division or as respiratory catalysts or as 
both. Parallel experiments have b-cn 
carried out with streptomycin which has 
now become an equally important chemo- 
therapeutic agent active in both Gram-posi- 
tive and Gram-negative organisms as also on 
acid-fast organisms like M. tuberculosis. 
The results reported in this paper relate to 
bacteriostatic effects of streptomycin. 

L. P. Garrod’ has stressed that " the 
therapeutic effects of streptomycin are due 
to bacteriocidal rather than bacteriostatic 


action ". Our experiments show that this 
is so only when high concentrations of 
streptomycin are used. 

Experimental 

The experimental details in these studies 
are the same as those described in pre- 
vious papers ( loc. cit ). First, the mini- 
mum inhibiting concentration of strepto- 
mycin hydrochloride dissolved in phosphate 
buffer for each test organism was determined 
by serial dilution method in nutrient broth 
of pW 7-6. 24-hour old broth cultures of 
the test organism were employed for each 
experiment in sterile tubes, in duplicate, 
containing a total volume of 10 cx. including 
nutrient broth, streptomycin solution in the 
requisite amounts to give the final concentra- 
tions, and nucleic acid. ( A sample of yeast 
nucleic acid from B.D.H. and streptomycin 
hydrochloride from Messrs Squibb' s were 
used.) The cultures were then incubated, 


TABLE I — EFFECT OF NUCLEIC ACID ON THE INHIBITORY ACTIVITY OF STREPTOMYCIN 

HYDROCHLORIDE 
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and after 24 hours the growth was observed 
by visual turbidity or its absence. The 
results are given in Table I. 

It may be seen that nucleic acid is able to 
inactivate the bacteriostatic effect of strepto- 
mycin on both St. aureus and Esch. coli. 
In the case of penicillin this was not so, 
and penicillin action was reversible in the 
case of Si. aureus and not in the case of 
Esch. coli. Streptomycin thus appears to 
interfere with the nucleic acid metabolism 
of both Gram-positive and Gram-negative 


organisms. The higher the concentration of 
nucleic acid added, the more complete is the 
inactivation of streptomycin. 

These results make it clear that nucleic 
acid renders viable both Gram-positive and 
Gram-negative organisms which in the 
presence of minimum inhibitory concentra- 
tions of streptomycin became non- 
viable. 

In Table III is shown the absence of any 
inhibitory or reversing effect of magnesium 
ribonucleate on streptomycin action on Gram- 


TABLE II — REVERSIBILITY OF STREPTOMYCIN INHIBITION BY NUCLEIC ACID 


CoNCN. or 

STREPTOMYCIN ALONE 


Growth in 

HROTH 


Growth in broth when .nt cleic 

ACID IS ADDF.I) AFTER : 


Control in 

BROTH 
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1 
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TABLE III — ABSENCE OF ANY EFFECT OF MAGNESIUM RIBONUCLEATE ON GRAM-POSITIVE A 

GRAM-NEGATIVE ORGANISMS 


CONCN. OF CiROWTH IN C.C. OF MG. GROWTH IN C.C. OF MO, 

STREPTOMYCIN BROTH RIBONUCLKATE BROTH RIBONUCLFATK f 

alone ALONE (1/I,*.i00) STREPTOMYCIN 
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f 

I ^66,000 


March 1949 ] 


INFLUENCE OF NUCLEIC ACID ON STREPTOMYCIN 


59 


positive and Gram-negative organisms. The 
absence of any influence of magnesium ions on 
the growth of St. attreus and Esch. coli 
on the inhibitory concentrations of strepto- 
mycin is shown in Table IV. Streptomycin 
is inhibitory to both the organism and added 


magnesium ions seem to have no effect in 
reducing the minimum bacteriostatic con- 
centration of the antibiotic. In the case of 
penicillin the minimum inhibitory require- 
ment came down under the same condition 
by 50 per cent. 


TABLE IV - INFLUENCE OF MAGNESIUM IONS ON THE GROWTH OF ST. If /v'/ t s & FSCII. COLI 
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TABLE V -EFFECT OF NUCLEIC ACID ON THE INHIBITORY ACTIVITY OF STREPTOMYCIN 

ON TVPllOSVM 
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TABLE VI — REVERSIBILITY OF STREPTOMYCIN ACTION IN L. TYPHOSUM BY ADDED NUCLEIC ACID 

Organism Conc. ok sTRiiPTOMvcis alonk Nocleic acid added after 
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In Tables V and VI ar^ presented the 
effects of nucleic acid on the inhibitory 
action of streptomycin on a non-penicillinase 
producing Gram-negative organism, viz. 
E. typhosus as well as the reversibility of the 
inhibitory action. 

It may be seen that in the case of this 
organism, arrest of growth by streptomycin 
is prevented by nucleic acid. The inhibitory 
action is also reversible. 

Discussion 

In the experiments reported above, strepto- 
mycin was used in concentrations very near 
to the bacteriostatic range such that its 
action never caused permanent injury to the 
cells. The results show that there are signi- 
ficant differences between streptomycin and 
penicillin in the manner in which they exert 
their bacteriostatic action. This is to be 
expected from the difference in the chemical 
nature and properties of the two antibiotic 
agents. While nucleic acid was able to render 
viable only Gram-positive organisms and not 
Gram-negative organisms under the influence 
of penicillin, it could render viable both 
Gram-positive and Gram-negative organisms 
under the influence of streptomycin. It may 
thus be assumed that the mechanisms 
influenced by streptomycin bacteriostasis 
are simile in the case of all pathogens 
irrespective of their Gram-staining reactions. 
This is different in the case of penicillin as 
was shown previously ^ Again magnesium 
ribonucleate was found to be ineffective in 
inhibiting streptomycin bacteriostasis as 
well as in reversing streptomycin inhibition 
of either Gram-positive or Gram-negative 
organisms while it could reverse the 
penicillin inhibition of Gram-negative 
organisms. 

Another noteworthy difference in the 
action of the two antibiotics is the fact that 
when pathogens like St. ^ureus, Esch. coli, 
E, typhosum were treated with sub-bacterio^: 
static concentrations of streptomycin and 
their Gram reaction tested after short 
periods, it was fqund that, quite unlike the 
observations made in the case of penicillin, 
ai}l prganisms retained their original mor- 
phological as well as Gram-staining charac- 
teristics. Again, while magnesium ions 
play an important part in bringing down the 
ipinimum inhibiting concentration of peni- 
cillin for organisms like Esch. coli. B. dysen- 
teriae, etc., streptomycin inhibition was 
unaffected. The mechanism of the effects 
brought ab(;pt by nucleic acid in the bac- 


teriostatic action of the antibiotic on the 
respective pathogens is not clear. It is 
not improbable that streptomycin action 
being optimum in an alkaline medium, 
added nucleic acid tilts the pK to the 
acidic side, consequently inactivating the 
antibiotic agent. This, however, is not so 
in the case of penicillin®. 

Summary 

1. Nucleic acid reverses the bacteriostatic 
action of streptomycin on common patho- 
gens such as St. aureus, Esch. coli, etc. 
The higher the concentration of the nucleic 
acid, the more complete the inactivating 
effect on the antibiotic. 

2. Nucleic acid renders viable both 
Gram-positive St. aureus and Gram-negative 
Esch. coli which were in contact with 
bacteriostatic concentrations of strepto- 
mycin. 

3. Magnesium ribonucleate is ineffective 
in inhibiting streptomycin bacteriostasis as 
well as in reversing the streptomycin in- 
hibition of both Gram-positive and Gram- 
negative organisms. 

4. Pathogens like St. aureus, Esch, 
coli and E. typhosum treated with sub- 
bacteriostatic concentrations of streptomy- 
cin retained their original morphological and 
Gram-staining characteristics quite unlike 
that with penicillin. 

5. Magnesium ions, which play an im- 
portant part in bringing down the minimum 
inhibiting concentration of penicillin for 
certain Gram-negative organisms, do not 
have any effect on streptomycin inhibition. 

6. The differences in the manner in 
which the bacteriostatic effects are achieved 
by the two antibiotic agents, penicillin and 
streptomycin, have been pointed out. 

Our thanks are due to the Council ol 
Scientific & Industrial Research for financial 
aid. 
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Coir Fibre — Structure & 
Identification of Damage 


S. R. SENGUPTA, B. B. L. SAXENA & A. N. MUKEKJEE 
Technical Development Establishment Laboratory [Stores], Kanpur 


C OIR occupies an important position 
in the agricultural economy of this 
country and finds wide application 
in industry. Coir products are used 
under diverse conditions which often render 
them liable to deterioration. Further, during 
storage, they are often damaged in accidental 
contact with acids, alkalies, oxidants and 
other agencies. It is of considerable im- 
portance to distinguish the varying types of 
deterioration, as this will enable one to 
assess the serviceability of the material 
under different conditions, and also to adopt 
suitable measures against deterioration. 

With cotton and other cellulose fibres, a 
number of well-known chemical methods^ 
are available for the identification of different 
types of tendering. These methods, how- 
ever, are not applicable to coir, in which the 
constituent material is cellulose-lignin com- 
plex and not cellulose, and no specific methods 
were available hitherto for use in relation to 
this material. The present paper gives a 
brief account of the structure of coir fibre 
and methods for distinguishing varying types 
of damage to this fibre. 

Structure of Coir Fibre 

The coir fibres are embedded in a mass of 
highly elastic cork-like parenchymatous 
tissue of the husk ( Fig. 1 ). When fresh, 
they are of light colour, soft and filled with 
tannin and sugar. On drying, some of the 
organic substances become insoluble and 
impart a permanent dark colour to the 
fibres and the surrounding parenchymatous 
cells. The length, diameter and uniformity 
of fibres vary in the different regions of the 
coconut husk from which they are derived. 
Except for some minor differences in colour, 
texture and fineness, samples from different 
parts of India do not show any marked 
variation in physical or chemical properties. 

The fibres are derived from leaf trace 
bundles and are composed of a rudimentary 
protoxylem enclosed by a thick sclerenchy- 
matous sheath. The protoxylem elements 
are usually composed of a few annular and 


spiral cells. In the thick fibres of the 
mesocarp, the protoxylem region is com- 
paratively large. During retting, the pro- 
toxylem disintegrates, resulting in a hollow 
central zone which serves as a nucleus for 
any subsequent microbial deterioration. 
Sclerenchymatous cells are long, narrow, 
pointed at ends and due to sliding growth 
become interlocked in dove-tail fashion 
thereby adding to the elasticity and tensile 
strength of the fibres. The cell wall is thick 
and the lumen narrow, containing only air. 
The secondary thickening is uniform and 
traversed by numerous simple and some 
funnel-shaped pits (Fig. 2). In addition 
to secondary thickening, cells exhibit mostly 
delicate reticulate and a few annular or 
spiral thickenings. The thickening as well 
as the length of sclerenchymatous cells vary 



Fig. 1 — T.S. of coconut husk showing 

THE DISTRIBUTION OF DIFFERENT TYPES 
OF FIBRES X 50. 



62 


JOURNAL OF SCIENTIFIC A INDUSTRIAL RESEARCH [ Vol. VIIIB, No. 3 



Fig. 2 — A single coir cell x 200. 


considerably even in the different regions 
of the, same fibre. On maceration or treat- 
ment with suitable reagents, small lens- 
Shaped silicified structures called stegmata 
cells may be s«en on the surface of a fibre 
( Fig. 3). 

The cell wall is composed mainly of cellu- 
lose and lignin. The failure of previous 
investigators to recognize cellulose^^s ^oir 
by micro-chemical test may be due to the 
fact that when the primary cuticle is intact, 
Uie cellulose reaction takes place only 
after 10-15 minutes. If the secondary wall is 
exposed by chemical or mechanical methods, 
the reaction takes place immediately. 

Coir Deterioration & Identification 

Types of Deterioration — Two agencies are 
plainly responsible for the deterioration of 
coir. These are : (1) chemical, and (2) bio- 
logical. Chemical tendering usually takes 
place as a result of accidental contact with 
acick, alkalies and other chemicals during 
storage or transit. Another type of che- 
mical tendering appears when the material 
is subjected to weathering. This is appa- 
rently a case of oxidation catalysed by 
sunlight. Biological tendering is due to 
micro-organisms and takes place especially 
when coir is m contact with soil, or is con- 


taminated with material capable of acting 
as nutrients for micro-organisms. 

The methods of identifying tendered fibres 
are as follows : 

Distinction between Normal & Tendered 
Fibres — Materials are teased on a slide, 
treated for 3 min. with 1 per cent safranin 
solution in 50 per cent alcohol, washed and 
mounted in water on a slide. 

Normal Fibres — Stain pink or violet. 

Tendered Fibres — Stain deep red. 

Chemical Tendering — Fibres tendered che- 
mically do not show any morphological or 
histological differences from normal fibres 
unless they are treated with a swelling re- 
agent and suitably stained. For this purpose 
zinc chloriodide solution is used. The 
reagent is prepared as follows : 

A 


Zinc chloride 

. . 20 gr. 

Water 

10 c.c. 

B 


Potassium iodide 

. . 2-0 gr. 

Iodine 

.. 0-1 gr. 

Water 

5 c.c. 


Solutions A and B are mixed, decanted 
after 24 hr. and kept in a dark-coloured 
reagent bottle. 

Fibres are treated with a drop or two of 
the reagent, gently teased on a slide and 



J^IG. 3 — A CELL SHOWING STEGMATA CELLS X 200. 
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heated over a steam bath to produce a high 
swelling. The period for which a slide is 
to be heated varies from 1-9 minutes depend- 



Fig. 4 — Cell TENnEHEi) by hydrochloric 
ACID >200. 



Fig. 5 — Cell tendered by nitric acid x 100. 
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Fio. 6 — Cell tendered by sulphuric 
ACID • 100. 



Fig. 7 — Cell tendered by alkali x 200. 

ing on the type and the degree of deteriora- 
tion. Over-heating, however, completely dis- 
integrates the fibres. In practice, the slide 
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Fig. 8 — T.S, of coir fibre after soil burial 

TEST SHOWING THE DISINTEGRATION OF THE 
INTERIOR CELLS a 200. 

is examined under the microscope at fre- 
quent intervals for the characteristic features 
of different types of tendering ( see below ). 
The slide is tken removed, allowed to cool 
and excess of reagent removed with a filter 
paper. A drop or two of fresh reagent is 
added and the fibre examined under a 
microscope. 

HCl-tendered Fibres — Cells show regular 
wavy curling throughout the entire length 
with cuticle remaining intact (Fig. 4). 

HNO^ -tendered Fibres — Cuticle is ruptured 
at intervals accompanied by slight swelling 
and sharp segmentation (Fig. 5).,, Some 
of the sclerenchymatous .cells with thick 
secondary wall show slight curling at ends 
only. 

H^SO ^-tendered Fibres — The cells swell 
considerably forming regular bubbles with 
sharp constrictions in between, resembling a 
beaded string (Fic. 6). Some short cells 
with thick secondary wall show slight curling 
and occasional segmentation. 

NaOH or KOH-tendered Fibres — Curling 
as noticed in acid tendering is absent. Cells 
show foniiation of bubbles as when tender- 
ed by sulphuric acid. ' The ' distinction, 
however, lies in the presence, of^ the central 
lumen insidej^the bubbles ( Fig. 7 ). 


Fibres Tendered by Oxidation ( e.g, with 
bleaching powder, hydrogen peroxide, through^ 
exposure, etc. ) — On treatment of oxidized' 
fibres with the reagent, the entire secondary 
wall immediately turns deep blue, whereas 
normal fibres under similar conditions show 
only slight discontinuous blue colouration 
after 10-15 min. Fibres treated with hj^dro- 
gen peroxide show, in addition, the formation 
of bubbles as in alkali-tendered cells, but 
these bubbles are small and distantly spaced 
with fairly long intact fibres in between. 

The characteristic transformations des- 
cribed above are brought about by the 
different chemicals employed either in strong 
or in weak solutions. The period of reaction 
depends on the strength of the solution, 
and it has been found that the distinctive 
reactions with acids and alkalies can be 
detected even with 1 per cent concentration 
of the chemicals. In Table I are set out 
the details of the treatments. 


TABLE I 


Reagent 


N trie acid 


Sulphuric acid 


Hydrochloric acid 


Sodium hydroxide 


HydroRGrt 

peroxide 
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( avail, chlorine 
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|8.^> 
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30 min. 
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- 1 

,, 

1 hr. 
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.u 
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30 min. 

28 
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Cut, crush- 

30 min. 
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ed and 
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-.'iO 

Fibres as 

45 min. 

28 


1 

such 



j 

1 30 

Cut, crush 

24 hr. 

, 28 

i 

1 1 

30 min. 

100 

1 

[ 

ed and 
macerated 



1 2 volumes 

Fibres as 

24 hr. 

28 



such 



5% sus- 

Fibres as 

10 min 

100 


pension such 
in water 


Biological Tendering 

The zinc chloriodide technique did not 
show any characteristic feature in samples 
tendered by biological agencies. It has 
been found, however, that such tendering 
can be distinguished. by direct microscopic 
examination and staining of the material. 
The manner of attack as well as the nature 
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of damage differ in respect of bacteria and 
fungi. The bacterial attack appears at first 
in the disintegrated protoxylem of the fibre 
and gradually proceeds towards the peri- 
phery, corroding the sclerenchymatous cells 
so that, in a cross-section, the fibre presents 
a number of irregular indented hollow zones 
while the outer surface shows hardly any 
deterioration (Fig. 8). A further distin- 
guishing feature of bacterial damage is the 
presence of numerous minute indentations 
on the surface of the fibre cells. In the case 
of fungi, surface indentations or disintegra- 
tion of the central zone of the fibre is absent. 
The lumen of the fibre cells do not show the 
presence of hyphae which usually entwine 
round the fibre and degradation is noticed in 
regions immediately in contact with hyphae. 
The presence of some of the remnants of 
the protoxylem elements and adhering cork 
cells appears to add to the susceptibility of 
the fibres to any subsequent microbial attack. 

Summary 

No specific method has been hitherto record 
ed for identification of damages in coir. The 


Letters 


THE ENHANCEMENT OF PENICIL 
LIN EFFECTIVENESS IN VIVO BY 
TRACES OF MAGNESIUM 

In earlier publications^-2 we have 
shown that magnesium ions have a pro- 
nounced influence on the bacteriostatic 
effects of penicillin on Gram-negative 
organisms like Esch, colt, in vitro. Indeed, 
similar effectiveness on penicillin action 
against Eherth, typhosa by the addition of 
small amounts of cobalt in vivo by injection 
in adult mice was observed by Pratt et al^. 
In view of the increasing interest to make 


present papjer describes a procedure for 
distinguishing different types of chemical 
and biological deterioration of this material. 
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to the Editor 


penicillin more versatile and efficient, 
specially in the case of Gram-negative 
pathogens, we studied the effect of using 
a mixture of penicillin and magnesium 
as MgS 04 in Esch. coli count of the 
intestinal tracts of experimental animals 
like mice and rats. 

Experiments were conducted by adminis- 
tering magnesium sulphate ( OT per cent ) 
orally and penicillin by subcutaneous injec- 
tion and also by oral administration of the 
mixture of magnesium sulphate and penicillin 
dispersed in peanut oil. The results obtain- 
ed are recorded in Tables I and II. 


TABLE I ~ ESCH. COLI COUNTS IN THE FAECES OF MICE BEFORE & AFTER PENICILLIN INJECTION 


Mouse No. 


Count before treatment 


Count after 

treatment 

Final count 

Initial count 

r ~^ — 



r — - 



Ist day 

2nd day 

3rd day 

Penicillin 
alone (200 units) 

Penicillin 

4 - MKSO4 

( 1st day) 

1 

420 

360 

502 

304 


72 

2 

313 

4(H> 

280 

208 


66 

3 

606 

420 

625 


20(i 

,53 

4 

353 

375 

204 


148 

42 



66 
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TABLE II — E^CH. COLI COUNTS IN THE FAECES OF RATS BEFORE Sc AFTER ORAL ADMINISTRATION 

OF PENICILLIN 


Rat 

No. 

1 

Count 

BEFORE TREATMENT 



Count after 

treatment 


Final 

1st day 

150 

2nd day 

108 

3rd day 

156 

‘ Hist 

62 

Penicillin 

— 

2nd 

81 

ALONE 

- — \ 
3rd 

85 

1st 

Penicillin +MgSC)4 

2nd 3rd 

xlOO 

, Initial 

COUNT 

( 1st day ) 

41 

2 

1140 

990 

1026 

538 

760 

692 




49 

3 

.^40 

252 

423 




106 

68 

135 

81 

4 

738 

640 

530 




228 

132 

192. 

81 

1 

1320 

835 

1086 

382 

321 

378 




30 

2 

1500 

2400 

2645 

627 

218 

320 




35 

3 

2690 

1050 

2660 




598 

41 

lio 

22 

4 

2800 

2250 

2655 




650 

192 

264 

28 


In all cases the dosage of penicillin used 
was arbitrarily taken as calculated from pre- 
liminary experiments. 

It may be concluded from the results that 
in vivo appropriate doses of magnesium sul- 
phate along with penicillin would be effective 
in increasing and prolonging the effect of 
penicillin. Magnesium sulphate alone in 
the same concentration,* and even slightly 
higher concentration, had no inhibitory 
effect. These results also show that it should 
be possible to evolve conditions when peni- 
cillin with certain stabilizing adjuncts like 
magnesium sulphate can be orally adminis- 
tered with as much advantage as can be 
obtained. Pratt et aVs as well as our ex- 
periments suggested the possibility of using 
certain cations like magnesium and cobalt 
to increase the efficiency of penicillin to 
treat certai^i Gram-negative bacterial in- 
fections. 

Further studies on other organisms are in 
progress. 

Our thanks are due to Prof. V. Subrah- 
manyan and Major K. P. Menon for their 
kind interest in this work, and to the Council 
of Scientific & Industrial Research, New 
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ments. 
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PURIFICATION OF CRUDE CALCIUM 
LACTATE 

A PROCESS FOR THE PURIFICATION OF CRUDE 
calcium lactate solutions obtained by the 
fermentation of cane molasses has been 
worked out and adopted on a commercial 
scale. The crude product obtained from 
molasses contains many impurities, and the 
usual methods^ t6 remove them have met 
with little success. The process now worked 
out consists in treating a concentrated 
solution of crude calcium lactate with the 
calculated quantity of commercial ferrous 
sulphate in the hot. On standing for a few 
hours, a heavy precipitate of ferrous lactate 
and calcium sulphate settles down. The 
precipitate is separated on the centrifuge 
and washed, then suspended in boiling water, 
arid milk of lime added till alkaline. The 
pale-yellow coloured solution containing 
all the calcium lactate is filtered off, boiled 
wjth activated carbon ( 0*5 per cent on the 
weight of calcium lactate ) and filtered. The 
final solution is concentrated ( sp. gr. 1-07 at 
30°C. ) and seeded with calcium lactate, 
when crystals of calcium lactate separated 
out. The slurry is centrifuged and the 
calcium lactate dried in the usual manner. 

B. L. Narula & B. R. Chawla 

Rampur Distillery & Chemical Co. Ltd. 
Rampur 

October 25, 1948 
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A Study of Coarse Filtering Media for 
Portable Producer-Gas Plant Filters* 

■ y ' ' ' I'— "— 

S. K. DAS GUPTA & MOHAN LAL KHANNA 

Physical Laboratories, Council of Scientific & Industrial Research, Delhi 


T owards the dose of 1941 a search 
for the alternative motor fuels was 
made in this country due to petrol 
shortage. One of the means to 
overcome such a difficulty was the develop- 
ment of producer-gas plants suitable for use 
on transport vehicles. At the time of 
conversion of the existing types of transport 
vehicles to producer gas, the Indian manu- 
facturers had nothing to guide them, because 
a scientific study on the subject had not 
been undertaken earlier. The manufacturers 
of the producer-gas plants showed a great 
ingenuity in the design of the filters by using 
the various available fibrous materials for 
gas filtration. During the past seven years, 
however, an increasing amount of attention 
has been paid to the scientific development of 
transport using producer gas as a source of 
power, together with the design, manufacture 
and testing of mobile producer-gas plants. 

Abrassive dust, tarry matter and corrosive 
gases are present in the gas. The life pf an 
engine running on producer gas mainly 
depends on the extent to which these im- 
purities have been got rid of from the gas 
as finally supplied to the engine. The 
satisfactory performance, on the other hand, 
demands free and ample flow of clean gas 
with the least pressure drop in the delivery 
system* This pressure drop mainly takes 
place in the filtration system. To meet the 
situation, two different types of filters, 
namely wet and dry, have been developed 
and employed in various countries. 

In India the general practice followed 
for gas filtration is to pass it through a 


series of dry filters, generally three in num- 
ber. Fibrous materials and textile fabrics 
are made use of in these filters. After a 
careful study of the available textile fabrics 
in this country, the material most suited 
for use in the final stage of gas filtration^ has 
been previously recommenckd and a suitable 
filter design has been suggested. It was, 
therefore, felt desirable to investigate the 
various filtering media available for use in 
the first two stages of gas filtration. A 
knowledge of the flow characteristics of gas 
through these media with respect to the 
pressure drop, depth of packing, packing 
density and the influence of these factors on 
the size of particles passing through the 
filter bed are absolutely necessary for the 
development and design of these filters. 
Investigations relating to these factors are 
described in the present paper. 

In the filters of a portable producer-gas 
plant the materials most frequently used as 
coarse filtering media are cotton waste, jute, 
sisal, coir and munj. While selecting these 
materials, the various factors to be con- 
sidered are ; 

(i) cheapness ; 

(ii) easy availability ; 

(iii) number of times it is fit for re-use in 
the filter after cleaning or dusting ; and 

(iv) compressibility. 

The' selected materials were procured 
from the market. Before undertaking any 
test, these materials were carefully cleaned 
by hand-picking of any foreign materials 
present and dried in the sun. General 
description, price, place of origin and the 


’‘‘Paper read before the Ei^ineering and Metallurgical Section of the 36 th Indian Science Congress 

SessiQu, Allahabad^ 
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TABLE 1 


No. 

Mateiiial 

OjtlOtN 

COLOUK 

Price per lr., 

, ANNAS 

Average 
FIBRE DIA.. 
IN MICRONS 

Characteristics or the 

MATERIAL 

1. 

Cotton wa*t« 

Mill waste 

White 

3 

428* 

Soft, easy to pack, sufficient con- 
trol on quantity and sizes of 
particles passing, very difficult 
to clean 

2. 

Jut« 

Bengal 

Light yeliow ^ 

4 

73 

Soft, easy to pack, considerable 
control on quantity and sizes of 
particles passing, easy to clean 
Hard, easy to pack, less control 
on quantity and sizes of particles 
passing, easy to clean 

8 . 

SiMl 

Bihar and Orissa 

White 


158 

4 

Coir 

South India 

Brown 

h 

360 

Hard, brittle and difficult to pack, 
much less control on quantity 
and sizes of particles passing, 
very easy to clean 

5 

Mun\ 

Punjab 

Light yellow 

4 

228 

V'ery hard, brittle, very difficult 
to pack, little control on quan- 
tity and sizes of particles passing, 
very easy to clean 


* The diameter of is fiven in this case. 


n^oMreo puns ^ d/a- mus - /ss nu. 




behaviour of these materials have been 
summarized in Table I. 

As indicated in Table I, all these materials 
are available in this, country and the cost 
per lb. of the material is not more than five 
annas in each case. The common practice 
followed in cleaning them is by dusting 
bjeatihg the material with a stick* Some of 
materials are easy to clean while 
others are not. This negative property of 
the material leads to frequent * renewals and, 
therefore, increases the cost of maintenance. 
Some .of them can be compressed more easily 
than others by keeping the |)acking space 
constant. They are generally soft, can be 
easily handled, give uniform packing, require 
less filtering area and have sitfficient control 
oil the quantity and skes of dust particles 
passing through the pores abated by the 
packing jj^iterial. The maih requirements 


of a good filtering material generally are 
that it should allow the least quantity of 
dust particles to pass through the filter bed 
and,' at the same time, allow a sufficient 
quantity of clean gas to pass through 
a given filtering area with the least 
pressure drop. 

The apparatus employed during this 
investigation was the producer-gas bench- 
testing unit* installed in these laboratories. 
A 29*4 h.p. Chevrolet engine was made to 
act as a pump of the positive displacement 
type and Was coupled through a Chevrolet 
standard gear box to a 25 h.p. 3-pha^ 
induction motor. The material under in* 
ve§tigation was packed in a filter, which was 
connected at the end of the intake pipe of the 
testing imit. Air was drawn through 
the filter at various rates of flow and was 
di^harged to the atiposphere^ 
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Fig. 2 


calibrated orifice meter via an anti-pulsating 
tank. The atmospheric pressure and tem- 
perature prevailing at the time of test were 
recorded. The flow was corrected to 15X. 
and 762 mm. of Hg in every case. 

Two different types of filters, namely 
linear and radial, were used for these tests. 
They are named according to the flow of gas 
inside these filters. A linear filter is dia- 
grammatically illustrated in Fig. 1. It 
consists of a cylindrical shell of lOf"' diameter 
by 14^"' long with two M.S. perforated 
circular plates. The plate at the gas outlet 
end was fixed in position, whereas the posi- 
tion of the plate at the gas inlet end could 


of a water manometer. An arrangement 
for connecting it across the filter was pro- 
vided. 

Each of these materials was packed and 
tested for pressure drop at maximum packing 
density, which could be attained by hand 
packing. The depths of packing chosen for 
experimental purposes were 2 \ S'' and 

Ir. The pressure drop across the filter 
bed for the various rates of air flow at differ- 
ent depths of packing at maximum packing 
density was determined. These values were 
also checked for decreasing rates of flow of 
air. These results in the case of cotton 


be adjusted according to the depth of packing 
required. The pressure difference across 
the filter bed was measured with the help 
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Fig. 3 — Pressure drop of air for Fig. 4 — Pressure drop vs. velocity air Foit 

COTTON WASTE. JUTE. ■ 
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Fig. 5 — Pressure drop vs. velocity of air for 
SISAL 



Fig. 6 — Pressure drop vs. velocity of air for 
COIR. 


waste, jute, sisal, coir and mu^j have been 
graphically represented in Figs. 3, 4, 5, 6 and 
7 respectively. The pressure drop for the 
empty filter for the various^^^^ of air 

velocity was also determined. In Fig. 8 
are given the curves showing the relationship 
between pressure drop and depth of packing 
at only maximum packing density for t^e 
five materials studied presently* 

At the end of every set of pressure drop 
test, the filter unit was connected at the end 
of the cofiical filter unit®. It consisted Of two 
conical funnels of about 2V diameter with 
provision; for clamping a 20*' filter paper 
between them. In the filter unit a standard 
filter papei^ was clamped so as to to the 
dust ptoicl^ passing through 
paper. "" Air at tne rate of 50 cubic feet per 
minute*, which represents the full rate of 
gas flow for a heavy-duty inc^fle p^ 
gas plant^was sudced thro!^ Charcoal 
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powder having particle size in the range of 
1-1,000 microns was dusted at the inlet end 
of the filter unit for a period of ten minutes. 
•The dust, which passed through the filter 
bed, was collected on the filter paper ind 
examined under a microscope for pore size 
determination. In every case the predomi- 
nant size of charcoal dust particles was 
determined. The total number of observa- 
tions by various workers were 24 in each 
case. The mean of these values together 
with the probable error are summarized in 
Table II. These results have been obtained 
while using the linear filter. 

A radial filter is shown diagrammatically 
in Fig. 2. It consists of a cylindrical shell 
of 10'' diameter by 24" long. Inside it, 
there are two co-axial expanded metal cages 
21J" long and 8f" and 3" outside and inside 
diameters respectively. The space between 
the two tubes was filled with the material 
under test. The packed unit was put inside 
the cylindrical shell. While packing the 
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Fig. 7 — PEessure drop vs. velocity of ai r for 
munj. 
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TABLE II 


Matkhial 


Fibre Density Depth of 

DIA., IN OF PACKING, 

MICRONS PACKING, IN INCHES 
IN LB. PER 
CU. FT. 


Size of 

PARTICLES 
COLLECTED ON 
FILTER PAPER, 
IN MICRONS 


Cotton 

waste 


Jute 


Sisal 


Coir 


Munj 


428t 


73 


158 


300 


228 


12 10 



37 2i 2 2 
210=fc 1-9 > 

16-6*^ 1-9 
9‘7=fc 1*9 


9-49 


807 


5 54 


10- 00 


2 

•120 

* 7-2 (?) 

5 

19 

^ 1-9 

8 

13 

:*= 1-9 

11 

« 

8* ^ 9 

2 

216 

* 7-2 

5 

C? 215 

7-7 

8 

210 

* 8*2 

11 

•07 • 

4* 7 2 

2 

281 

*=13-9 (?) 

5 

249 

± 7*2 

8 

242 

±111 

U 

212 

± 7-2 

2 

465 

±19-8 

5 

445 

±31 6 

8 

459 

± 7 2 

11 

339 

± 7 2 


t In this case, dia. of yarn is given. 
• Irregular values. 


material in the cages and fitting them inside 
the filter, every possible care was taken to 
avoid any short circuit paths for gas. In 
order to measure the pressure drop, a water 
manometer was connected across the filter 
bed. The results of pressure drop at various 
rates of air velocity at maximum packing 
density for the five materials have been 
graphically represented in Fig. 9. The 
pressure drop for the empty filter was also 
recorded. • 

Discussion 

A study of the pressure drop curves for 
the various materials show that cotton 
waste has exhibited the highest and munj 
the least resistance to the flow of gas. A 
glance at Table II reveals that the size of 
dust particles passing through the filter bed 
decreases with an increase in the depth of 
packing. The compressibility and the fibre 
diameter of the material, in general, play an 
important part in the dust-collecting effi- 
ciency. 

From the characteristics of the materials 
and the size of dust particles passing through 
the filter bed (see Tables I and II ), the 
various materials investigated may be 
divided into fhree groups : 

Group I — Cotton waste and jute. 
Group II — Sisal and coir. 

Group III ~ Munj. 

Group I — Of all the mj^erials investigated, 
cotton waste and Jute hive been found to 


be the best. Cotton waste offers a high 
resistance to the gas flow. It cannot be 
easily cleaned and, therefore, the chances of 
its being used repeatedly for gas filtration 
are limited. But, in spite of these short- 
comings, the dust-retention capacity of 
cotton waste is very prominent. During 
the various gas purity tests conducted in 
these laboratories, it has been most fre- 
quently noticed that the colour of the stan- 
dard filter paper used to arrest the particles 
of dust present in the gas as finally supplied 
to the engine, does not appreciably, change 
throughout the dust test when using cotton 
waste in one of the filters of the gas producer. 
From the summary of the results given in 
Table II one is led to think that jute is 
as good a filtering medium as cotton waste. 
As already stated, the criterion of a good 
filtering medium is that it should allow the 
least quantity of the smallest dust particles 
through the filter bed. Considering the 
gas filtration qualities of the two materials, 
cotton waste is found to be superior to jute 
and is most suitable for use in the second 
stage of producer-gas filtration. Though the 
size of dust particles passing through the 
jute filter bed is almost the same, yet it 
allows to pass slightly more quantity of dust 
and increases the work of the final filter. 
This could, however, be compensated by 
increasing the depth of packing of the filter 
bed. Jute is recommended in place of cotton 
waste for use in the second stage of gas 
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Fig. 9 — Pressure drop i>5. velocity of air for 
THE FIVE MATERIALS IN A RADIAlViLTER. 
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filtration, provided the depth of filter bed is 
increased. 

Group ll — Taking into consideration the 
size of particles passing through the filter 
bed, depth of packing, the quality of gas 
filtration, sisal has been found to be better 
than coir. Coir fibres are generally brittle 
and, therefore, the facilities of its repeated 
use for gas filtration are limited. There is, 
however, not much to choose between the 
two materials so far as the pressure drop 
through them is concerned. Of the two, 
sisal is to be preferred for efficient gas filtra- 
tion, provided it is available in large quanti- 
ties at a reasonable price. Coir and sisal 
are only suitable for use in the first stage 
of gas filtration. 

Group III — Though munj has almost the 
same packing density as jute, yet the size 
of particles passing through its filter bed is 
the highest among the various filtering 
media studied in this investigation. Par- 
ticles as big as 364 microns have been found 
to pass through the filter bed, even though 
the depth of packing and the packing den- 
sity are maximum. This clearly points 
to its poor quality. The material is very 
difficult to pack and to spin. Such materials, 
therefor^, are unsuitable for any stage of gas 
filtratioi\. 

By packing these five materials at maxi- 
mum packing density in a radial filter, an 
idea of the resistance offered to gas flow has 
been obtained by the study of pressure drop 


at various rates of air velocity. The results 
obtained in the two cases are quite con- 
sistent with each other. 

, In conclusion it may be stated that the 
data collected so far helps one in choosing 
the materials most suited for the first and 
second stages of gas filtration and in design- 
ing efficient radial filters so commonly used 
in India. 

A mathematical study of the gas flow 
through tliese materials is in course of 
investigation. 

The authors take this opportunity of 
thanking Dr. L. C. Verman, Director, Indian 
Standards Institution, New Delhi and Mr. 
K. A. Nair for the kind help and encourage- 
ment received from them during the course 
of the investigation. 
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Elfect of the Water-soluble Matter in Jute on 
the Microbiological Deterioration of the Fibre 

S. N. BASU 

Indian Jute Mills Association Research Institute, Calcutta 


L ittle is known of the precise nature 
of the water-soluble matter in natural 
vegetable fibres. In cotton, the pre- 
sence of 0*5 per cent malic acid and 
0 07 per cent citric acid has )[}een reported^. 
Some of the nitrogenous compounds present 
are probably water soluble. According to 
Marsh and Wood^ raw cotton contains 
0*2 per cent nitrogen. Jute has a nitrogen 
content of 0-2-0-3 per cent, nearly half of 
which is extractable by boiling water^. 
While these components and also soluble 
carbon sources may help fungal growth, they 
are present in the fibre in amounts probably 
too low to have any appreciable effect. On 
the other hand, substances of vitamin nature 
are required by living organisms only in 
comparatively minute quantities and may 
cause a striking growth response. The 
presence of such water-soluble growth factors 
or nutrilites in natural vegetable fibres is 
oi\\y to be expected and have actually been 
demonstrated, directly or indirectly, in some 
instances. Thus Robbins and Ma^ showed 
that Ceratostomella species having deficiencies 
of thiamin, biotin and pyridqxine would 
grow normally when an extract of cotton 
batting was added to the medium. Robbins 
and Schmitt^ found evidence for the presence, 
in cotton, of an unknown factor that would 
stimulate the germination of Phycomyces 
spores. Sherwood and Singer* demonstrated 
the presence of folic acid in cotton bolls and 
even in absorbent and non-absorbent cotton 
linters. Constantin’ reported in carded cot- 
ton a water-soluble substance promoting the 
growth of yeast which did not appear to be 
any of the known members of the vitamin 
B complex. Bust on and Basu® have es- 
tablished the presence of nicotinic acid, 
thiamin, riboflavin, pyridoxine, pantothenic 
acid and biotin in the water extract of jute ; 
uantitative assay sho^^ed. that the raw 
bre contained O’ 116-0*471 (jig. of these 
vitamins per gm. except for biotin ; this 
substance, active in much smaller amounts, 
was present in a lower concentration than 
the others. 


Many known vitamins — and probably 
some yet unidentified — play a part in the 
metabolism of fungi as in many other living 
organisms, but while some fungi cart >ynthe- 
size their own requirements of all of these 
compounds, others cannot. These latter 
would not grow well on synthetic media 
but would do so on natural materials due 
to the presence there of these growth factors. 
That vegetable fibres, and fabrics made 
therefrom, should support good growth of 
such deficient organisms is, therefore, not 
surprising. This phenomenon is not of 
much direct economic importance in the 
textile industry in the case of many so-called 
superficial fungi but its industrial signi- 
ficance cannot be overlooked when active 
cellulose decomposing species arc found to 
suffer from vitamin deficiencies. 

Cases of such fungi responding to the 
stimulation of micro-nutrients have been 
reported in recent years. Zuck and Diehl* 
have found that certain slow-growing species, 
not commonly associated with cellulose 
decomposition, nevertheless cause loss in 
strength of cotton duck ; these were able to 
grow and sporulate well on cotton extract 
agar but not on synthetic sugar-based media. 
Zuck^® also found cotton extract agar a 
particularly good medium for growing the 
closely related genera Memnoniella and 
Stachvhotrvs ; these organisms, very well 
known as cellulose decomposers and believed 
to cause extensive damage to cotton stores, 
have later been found to require pre-formed 
biotin for growth®’^'. It was shown by 
Buston and Basu® that jute extract had the 
same effect on Memnoniella as the corres- 
ponding amount of pure biotin. The growth 
and j^erithecial fruiting of another well- 
known cotton-destroying species Chaetomium 
l^lohosum was also shown by the same authors 
to be markedly stiirtulated, but this effect 
was believed to be due to an yet-unidentified 
factor in the jute extract. 

In view of these previous findings it w'as 
considered worth while to inveistigate, in 
terms of actual loss in strength, whether the 
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2 4 6 d 10 12 U 16 

Fig. 2 — Weeks of incubation. 

water-soluble fraction of jute fibre did ac- 
tual!/ influence its deterioration and if so 
to what extent. The results' presented 
below substantiate the expectation that the 
effect of the water-soluble constituents on the 
biological decay of the fibre is by no means 
negligible. 

E e r i m e n t |L 1 

. In the first instance, the rates pf deteriora- 
tion of scoured and unscoured canvases 
made from white jute {Corchorus capmlaris) 
and tos^ jute ( ) and also from 

cotton were compared. Scourihg was done 
by steeping m a solution of I per cent soap 
and 0-5 pe§^cent soda ash for I hr. at 80®C. 


The samples were rinsed in water and, after 
inoculation with soil extract, incubated in a 
humidity box highly charged with spores 
©f numerous mildew fungi and containing 
water at the bottom. Portions were with- 
drawn at intervals and loss in tensile strength 
determined in the usual way. The results 
shown graphically in Figs. 1-4 demons- 
trate that scouring improved mildew resist- 
ance in all cases (see also Figs. 5-8). 
Incidentally, it may also be noted that 
cotton appears to be more susceptible to rot 
than jute, and that there was no definite 
difference between tossa and white jutes 
so far as this property was concerned. 
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• Unscoured jute ( tossa ). 



‘ ■■ n 


... 


At the end of 3 months, the fibre samples 
were subjected to the microscopic test 
devised by Macmillan and Basu for the 
detection of damage on jute^^. Briefly, the 
test consists in swelling a number of fibres 
according to a particular procedure when 
damaged and undamaged fibres appear 
different. The percentage of damaged fibres 
is expressed as ‘ ‘ damage count ’ ’ . This factor 
is a measure of the tensile strength inasmuch 
as it has been found to increase with de- 
creasing strength of the sample. Weighed 
portions of the test samples and of a normal 
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Fig. 7 — Unscoured cotton. 
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Fig. 6 — Scoured jute ( to^sa ), 

While scouring much improved mildew 
resistance, this treatment probably removed 
somewhat more matter than the water- 
soluble fraction. In the next experiment 
samples of hessian cloth and jute fibre were 
leached in boiling distilled water for 1 hr. 
After air drying, these \yere inoculated by 
pressing against a heavily mildewed cloth. 
The samples along with the untreated con- 
trols were incubated over water in a desic- 
cator. The day temperature varied from 
23®-38®C. Microscopic examinations were 
made at mtonthly intervals with the following 
results { Table I 



Fig. 8 — Scoured cotton. ( The’^ straight- 

EDOED PATCHES ARE NOT DUB TO MILDEW.) 
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TABLE I — FUNGAL GROWTH ON LEACHED & UNLEAGHBD MATERIALS 

Unleachkd Leached 


Fabric Fibre Fabric Fibre 

M^erate growth No detectable growth Mild growth No detectable growth 

Moderate growth ; visible Visible peritheca of Ch. Mild growth No detectable growth 

peiitheca of Ch. it^icum indicwm 

Heavy growth ; numerous Moderate growth ; many Mild growth ; no Ch. No detectable growth ; no 

peritheca of Ch. indicum peritheca of Ch. indi- indicum Ch. indtcum 

cum 


fibre were also plated out on a suitable 
medium to determine the nature and extent 
of growth. The results are set out in 
Table 11. 

Here also it is seen that attack on the 


TABLE II -- DAMAGE Cb\.USED Sc NATURE OF 
ATTACK ON LEACHED Sc UNLEACHED SAMPLES 

Test Unincubatko Incubated fibre 

FIBRE 

Normal Leached Unleached 


unleached sample proceeds much more 
rapidly than on the leached fibre. It is 
interesting to note th^t Chaetomium indicum 
which actively decomposes jute and cellulose® 
and which seems to be a native infection on 
jute frequently developing on the rotting 
fibre^® showed profuse growth on the un- 
leached fibre but no growth on the leached 
sample. The Phycomycetes, which are known 
to be devoid of any cellulose decomposing 
power, were absent on the leached fibre 
which suggests that these species thrive on 
the superficial nutrients. 

The stimulating action of the water extract 
of jute was then more directly demonstrated 
by comparing the growth rates of species 
on a synthetic medium with ^and without 
added jute extract. Liquid Czapek-Dox 
medium ( neutral ) with 1 per cent glucose 
was the basal medium and growth on this was 
compared with that on the same medium plus 
an extract of 2 gm. of jute for every 100 c.c. 
In Figs. 9-10, the positive 


Damage count 12-14 22 32 

Fungal count 30,000 00, (HK) 200,000 

C per gm. ) 

Fungal sp. Pen. citrinum, Pen. cUtinum, Pen. citrinum, 

isolated A&p. terreus Asp. terreus, Asp. terreus, 

Asp. glaucus, Ch. indicum, 
Paeciiomyces Phycomycetes 
varioti 

which are frequently isolated from rotting 
jute materials are also markedly stimulated 
by jute extract ( see Fig. 10 ). 

Discussion 

It is unlikely that the effect observed 
was due to the presence in the jute extract 
of nutrients such as particularly readily 
available sources of carbon or nitrogen. 
The extract was found not to contain any 
sugar, and the nitrogenous matter in it, 
although qualitatively an excellent nutrient 
for "'many species®, must have been quanti- 
tatively inadequate. In the last experiment 
reported above, calculation shows that jute 


acceleration of growth by 
jute extract can be seen. 
Of the species test^, 
ChaeUmium globostm and 
Memnoniella echimt^a are 
well-known eelluiose de- 
composers, although rarely 
found on jute materials^ 
That subsi^ces of the 
nature growth factors 
stimulate Ihe growth and 
sporulation of tMse species 
is already known®'^^. On 
the other hmd, Chadomtum 
indicum and Aspergillus 
terras gtow and sporulate 
readily on ordinary syn- 
thetiq media. It is interest- 
ing to note jy|at these species 



Fig, 9 — Growth of Memnoniella echinata {at 22X. ) and 
» ChaeUmium globosufn (at30“C. ) after 6 da vs, without 

AND WITH JUTE EXTRACT, 
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I'lG. 10 CiROWTH OF Chaetomium induum and Aspergillus 
terrcus after 5 days ( at 30° C, ). with 

AND WITHOUT JUTE EXTRACT. 


extract supplied only some 
6 per cent of the total 
nitrogen present in the 
medium. Moreover, it had 
been found previously in the 
case of Chaetomium globosum 
that organic nitrogen sources 
did not produce much 
better growth than nitrate®. 

Fungi are also known to 
be markedly stimulated by 
traces of mineral ele- 
ments^*. Beeson^® has shown 
the presence of K, Ca, Mg, 

P and S in raw cotton. 

According to Marsh and 
Wood*, raw cotton gives 1 
per cent ash which has in 
it Ca, K, Mg, A1 and Fe. 

Parsons^® rejwts 0*8-1 -5 per 
cent ash in jute and he 
quotes Cross and Bevan as showing it to 
consist chiefly of Si, K, P with traces of 
Mn and Cu. Ca and Fe are also probably 
present. It is possible, therefore, that the 
stimulatory eflect of jute extract is due to the 
oligodynamic action of mineral micro-nutri- 
ents. However, these elements arc required 
in such minute traces that enough of them 
are piobably present in synthetic media pre- 
j)ared from chemicals not specially purified, 
so that it would be difficult to explain the 
results shown in Figs. 9 and 10. That 
stimulation was caused by growth substances 
of vitamin nature remains, therefore, the 
most likely possibility, particularly in view 
of previous evidence as summarized in the 
introduction. 

From the results obtained it would seem 
likely that the simple measure of hot water 
leaching, if applied on the finished goods 
or the raw jute fibre, should appreciably 
reduce mildew trouble in actual use of jute 
materials. 

Nummary 

The water-soluble fraction of jute fibre 
has stimulatory action on many fungi inclu- 
ding those known to attack strongly jute and 
cellulosic materials. This is probably due 
to the presence in it of growth factors of 
vitamin nature. Fibre and fabrics boiled 
in water actually showed increased mildew 
resistance. 
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Water Contetit of Lime-puzzolana Mortars 


L. C. JAIN • 

Building Research Unit (C.S././?. ), Roorkee 


A ddition of correct amount of water 
in lime-surkhi mortar has a direct 
bearing on its strength development. 
Studies carried out at the Building 
Research Station^ D.S./.i?,, England^ show 
that 2:1: 9 puzz^lana : hydrated lime : stan^- 
dard sand- mortar gives higher strength at 
12 per cent moisture as compared with 14 
and 16 per cent. Still further increase is 
noticed at 8 to 10 per cent moisture. 

It has been shown by .Khan and Verman^ 
that dry mixes are superior to wet mixes. In 
this investigation two discrete values of con- 
sistency were used to determine the effect of 
consistency on the strength development of 
lime-surkhi mixes. The results obtained in 
these experiments indicated the superiority 
of only one value over the other. It was 
further pointed out by them that there 
seems to be one particular consistency at 
which the strength of lime-surkhi mortar is 
maximum. In the present investigation the 
scope of work was further extended and 
the strength ^of lime-surkhi mortar was 
determined at different water contents. The 
ratio of lime to surkhi was also one of the 
variables. 

Experimental 

Four samples of bricks were collected for 
the purpose of the present investigation : two 
from a brick-field, Roorkee, and two from a 
brick-field, BallawaJi, a place twenty miles 
east of Roorkee. By visud examination the 
bricks were grouped into W:ell-bumt and^ 
under-hurnt bricks. It may be pointed 
out that bricks collected from these fields 
do riot represent burnt clay alone but 
a mixture of sand and clay in unkribwn 
proportions. No attempt was made to 
ascertaui the exact proportion of sand 
and day mixture used in the ni^ufacture 
of bricks, as the composition of soil changes 
from one brick-fieW to and iq the 

same bri)£k-fieid. Both types of bricks were 
powdered by m^ns of a woo^n hammer 
uhtil the surkhi so obtained could be passed 
through a 


The composition of the slaked lime used 
in the experiments is given in Table I. Be- 
fore using it for the purpose of making test 
briquettes, it was also passed through a 
30-mesh sieve. 


TARLE I -- CHEMICAL COMPOSITION OP LIME 


Silica-SiO, 

0/ 

/o 

1*84 

AltOj -f Fe|0| 

1*64 

M4?0 

601 

CaO 

6.'>*76 

Ignition loss 

24-87 

Sulphuric anhydride 

0 10 

Alkaline salts as NaCl and KCl 

0-20 


The test briquettes were matured for 28 
days. The initial maturing for 7 days was 
done in a damp box at a rektive humidity 
of 90 to 95 per cent. For the rest of 
the period maturing was done under tap 
water containing 18 parts of soluble salts 
in 100,000 parts of water. The briquettes 
were matured at room temperature. The 
maximum and minimum temperatures 
were recorded during the day. The 
mean of average daily temperatures during 
the-^ period of maturing are shown in 
Table II. 

Batches of briquettes after maturing period 
were tested for their tensile strength. Each 
batch consisted of 6 briquettes. The average 
of test results was taken to be the tensile 
strength of the batch. Further the briquet- 
tes were gauged by the same operator under 
uniform conditions. 

Further, 200 gm. of lime-surkhi mix was 
subjected to compaction in a compacting 
cylinder having a diameter of 2*5''. It was 
compacted in one layer receiving 15 blows 
from a 6*6 lb. hammer falling through 
a height of 10". 

Discus si on 

The variation of strength due to changes 
in the tioBture content of lime-surkhi mor- 
tar under the test conditions is clearly 
demonstrated. It is. seen that maximum 
stretch at 1:7 and 1:4 lime-surkhi ratios k 
obtained between 25 to 2iJ per cent moisture - 
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content, while it requires a higher water 
content to get the maximum strength at 1 : 1 
lime-surkhi ratio. 

It has been observed that when lime-surkhi 
mix is compacted, cracks are developed at 
a particular moisture content. The result of 
compaction experiments on surkhi sample B 
are given in Table III. It is to be note^ from 
the results obtained that at 1 : 7 lime-surkhi 
ratio cracks are produced at 27*08 per cent 
water content, while at 1 :4 and 1 : 1 lime-sur- 
khi ratios the development of pracks occurs 
at 27*50 per cent and 33 *90 per "cent respect- 
ively. It may thus be concluded from the 
results shown in Table II and Table III that 
maximum tensile strength of lime-surkhi 
mix is obtained just below the moisture 
content at which cracks develop. The 
strength of the mix decreases as the 


percentage of moisture in the mortar is 
raised above this limit. 

It may be further pointed out that the 
minimum tensile strength of lime-surkhi 
mortar is obtained in the proportion of 1 : 1 
as compared to the ratios 1 : 7 and 1 :4 except 
in surkhi C where the strength is low on the 
whole. However, it is difficult to compare 
the strength of the mortars at 1 : 7 and 1 : 4 
ratios as the difference in strengths shows 
such variations that it is easily masked by 
the effect of change in temperature. 

Work carried out in Building Research 
Station in United Kingdom® has shdfvn that 
the temperature coefficient of the rate of 
strength development of lime-puzzolana- 
sand mixes is very high. It is also clear 
from the results of the present investigation 
that during maturing temperature has a 


TABLE II — TENSILE STRENGTH OF LIME-SURKHI MORTAR AT DIFFERENT WATER CONTENTS 

RATIO OF LIME TO SURKHI 




1 : 7 



1 : 4 



1 : 1 




X 



X. 





r~ 



\ 

f " 



r 

Tensile 

Temp. 

Sample No. Moisture 

Tensile 

Temp. 

Moisture 

Tensile 

Temp. 

Moisture 


% 

STRENGTH 

°F. 

O' 

.o 

STRENGTH 

"F. 

o/ 

STRENGTH 

°F. 


IN LB. PER 



IN LB. PER 



IN LB. PER 




SQ . IN. 



SQ. IN. 



SQ. IN. 



[22-9 

46 

74-3 

22-8 

45 

72 5 

27-6 

10 

69-8 

A 

1 26- 1 

90 


26 0 

83 


30 3 

30 


Well-burnt surkhi \ 

; 28 - 9 

70 


29 1 

76 


33 0 

47 


from Roorkee 1 

32 0 

40 


32 1 

51 


37 9 

30 


1 

L34-8 

37 


35 0 

31 


42-8 

27 


1 

r23-6 

103 

83-4 

23 0 

54 

88-5 

29 0 

1(X> 

90-2 

B 1 

27-3 

170 


27-3 

177 


32 4 

105 


Under-burnt sur- 

30 1 

140 


.30 0 

167 


35-3 

79 


khi from Roorkee 

33 0 

121 


33 1 

153 


37 3 

74 


1 

[35 5 

106 


35 -.5 

135 


39 1 

64 







136 


44 2 

72 



r23-2 

10 

60 3 

24 3 

8 

57 0 

27-5 

9 

56 2 


26-0 

11 


27-5 

12 


30-6 

14 


Well-burnt surkhi i 
from Ballawali 

1 27-2 

1 30-4 

1 33 4 

11 

10 


30 4 

33 5 

35 1 

12 

6 

5 


,33-4 

36 5 

39 5 

11 

10 



L35 0 

6 









25-0* 

102 

100 







D 1 

r28-6 

91 

65-7 

2;i 5 

102 

60 9 

29 8 

72 

73-3 

Under-burnt sur- J 
khi frbm Balia- 
wali 

26-4 

29-5 

32-6 

98 

83 

72 


26-4 

29 r> 

32 4 

108 

88 

72 


32 5 

35 4 
38-6 

81 

58 

.50 


[35-4 

52 


35 5 

57 


41 3 

48 









44 5 

41 



26-4* 

153 

100 








• represents tensile strength after 14 days maturing. 


TABLE III — FORMATION OF CRACKS IN SURKHI SAMPLE B 


RATIO OF LIME TO SURKHI 


r 

1 : 7 


A 

1 : 4 

^ 




1 : 1 

A 

r 

Moisture 

Formation of cracks 

Moisture 

Formation of cr.vcks 

r 

Moisture 

Formation of cracks 

% 

No cracks 

% 

23-70 

No cracks 

*^o 

31-90 

No cracks 

2496 

do 

25-44 

do 

33 50 

do 

25-50 

do 

26-87 

do 

33-90 

Fine cracks 

26-68 

do 

27-21 

do 

34 01 

Cracks 

26-06 

do 

27-50 

Fine cracks 

34-73 

do 

27-08 

Fine cracks 

27-67 

Cracks 

35-50 

do 

27-18 

Cracks 

28-55 

do 

36-30 


27-52 

, , do ■ ' 

20-95 

do 





80 JOURNAL OF SCIENTIFIC ( 

marked effect on the strength development 
of lime-surkhi mixes ; the higher the tempera- 
ture, the greater is the strength developed 
in a given time. Comparing the results of 
well-burnt surkhi C and under-burnt surkhi 
B we find vast differences in strength. This 
much of difference cannot be explained due 
to a difference in the chemical composition 
of surkhi. The effect of temperature is 
also to be considered. In order to confirm 
this point further samples of surkhi C and D 
from Ballawali were matured for a period 
of 14 days at i00°F. It is clear from the 
results obtained that after 14 days, tensile 
streMths of the fwo samples matured at 
100®F. are much higher than the same 
samples matured at room temperatures for 
28 days ( Table II ). So it leads us to the 
fact that in all studies on lime-surkhi mor- 
tars the effect of temperature on its strength 
development is of fundamental importance. 
It may . be mentioned hete that Singh and 
Bahri* did some work on the incorporation 
of puzzolana in kanker lime. Better results 
could have been obtained if the workers had 
taken into consideration the effect of tem- 
perature also. Unless a systematic study of 
the subject is made, it may be too early to 
suggest that when early strength develop- 
ment in a mortar is desired, the construction * 
with lime-surkhi mortar should preferably be 
undertaken in the summer months of the year. 

Investigations carried out at Building 
Research Station in U.K.® have established 
that for every clay there exists a tempera- 
ture of firing ( between 600°-800®C. ) which 
gives it the highest activity. Heating at a 
temperature higher than 1,000X. appears 
to destroy the puzzolanic activity of clay. 
Studies of Khan and Verman* conclusively 
proved that higher temperature of burning , 
gave higher strength of surkhi when used 
in lime mortar. However, in the above 
investigations there are samples of under- 
burnt surkhi which show, at initial stages ^ 
maturing, superiority over well-burnt surkhi. 
In the present investigation also under- 
burnt surkhi seems to give better early 
strength as compared with well-burnt surkhi. 
Probably the chemical composition of clays 
plays an important part in determining 
the ojptimum temperature at which a 

f iuzzolana of highest activity is obtained, 
t may be motioned here that we have 2 
major soi groups in this country : brown to 
blatk soils of the Deccan Trap and the Indo- 
Gapgftie alluvium. Besides, there are red 
soils of Ma<|ps and lateritic soils of Mysore, 
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These soils differ widely in their physical pro- 
perties and chemical composition. It may 
be pointed out that results obtained by Khan 
and Verman are based only on surkhi made 
from Bengal soils. Though the clays used 
in the experiments were of varied nature, 
still it might be interesting to extend the 
scope of the work to other types of soils avail- 
able in different parts of the country. 

In practice one finds that wet consistency 
is often empiloyed. This practice has proved 
to be harmful from tensile strength point 
of view. Moreover, as shown above, 
when lime-surkhi mortars are subjected to 
compression at wet consistency, cracks are 
develoj>ed. This provides a greater scope 
for the penetration of rain in the structure. 

It may be pointed out here that mortars 
which exhibit high tensile strength are not 
necessarily those which adhere most strongly 
to all types of bricks. A high tensile strength 
is valueless unless there is a good adhesion 
to the brick on each side. Thus, actual re- 
commendations as to the quantity of the 
water to be used in lime-puzzolana mortar 
in actual construction cannot be made unless 
a study of the effect of moisture on the adhe- 
sive strength of the mortars is also made. 
Proper allowance will have to be given for 
the absorption of water by the brick from 
fhe mortar. 

Conclusions 

There is a critical moisture content value 
at which the early strength of lime-surkhi 
moftar is maximum. Further, when lime- 
surkhi mix is subjected to compaction at 
higher moisture content, cracks are produced. 

As the percentage of lime increases in the 
mortars, the quantity of water required to get 
the maximum strength also increases. 

The early strength of lime-surkhi mix at 
1:1 ratio is the minimum as compared to 
other ratios, except in surkhi C. 

The effect of temperature on the strength 
development of mortar is very pronounced. 
Higher rate of strength development is 
obtained at higher temperature. 

REFERENCES 

1. Building Research Station, D.SJ.R., England, 

Ann. Report, 1932, 37. 

2. Khan, C. A. R. & Vehman, Lal C. : Ind. Indust: 

Re^JSur., Bull. No. 24, 1941. 

3. Building Research Board, England, Ann. Report, 

1930, 2d. 

4. Singh*. Raghbir & Bahri, J. C. : Cen. Board 

of Irrigation, 194|; 5, 76, 

5. Bunding Research England, Ann. Report, 

192^, 34 ^m7, 44. 



Journal of 

Scientific & Industrial Research 


Voi VIIIB MAY 1949 


No. 5 


EDITORIAL BOARD 


CONTENTS 


S. S. BHATNAGAR, O.B.E., F.R.S.. 
D.Sf... F, Inst. P., F.R.I.C., Director, Scienti- 
fic & Industrial Research (Ex-officio Chairman) 


H. J. BHABA« Ph.D., F.R.S., Director, 
Tata Institute of Fundamental Research, 
Bombay 


J. C. GHOSH, D.Sc., F.N.I.. Director- 
General, Industry & Supply, Delhi 


JIVARAJ MEHTA, M.D., M.R.C.P., 

F.C.P.S., Dewan of Baroda, Baroda 


S. KRISHNA, C.I.R.. Ph.D., D.Sc.. 
F.R.I.C., F.N.I., Forest Research Institute, 
Dehra Dun 


K. 8. KRISHNAN, D.Sc., F.R.S., Director, 
National Physical Laboratory, C.S.I.R., 
University Buildings, Delhi 


MATA PRASAD, D.Sc., F.R.I.C., F.N.L, 
Royal Institute of Science, Bombay 


Hypochlorite Oxidation of Cotton Cellulose in 
Presence of Mixtures of Certain Vat 
Dyes — Part I 


G. M. Nabar & J. A. Rathod 


Lac- linseed Oil Varnishes — Part III — Lac- 
linseed Oil- lime 


Y. Sankaranarayanan 


Chemical Examination of the Dried Latex 
from Euphorbia tirucalli 


Karimullah Sc R. Gopalachah 


81 


87 


89 


An Ideal Encrustation of Lac ... ... 92 

S. Mahdihassan 


C. V. RAMAN, F.R.S., 
Institute of Science, Bangalore 


N.L., 


Raman 


Letters to the Editor 


M. N. SAHA, D.Sc., F.R.S., University 
College of Science, Calcutta 


D. N. WADIA. M.A., B.Sc., F.G.S., 
F.R.G.S., F.R.A.S.B., Mineral Adviser to the 
Ministry of Works, Mines Sc Power, New Delhi 


B. N. SASTRI, M.Sc., A.R.I.C., A.I.I.Sc,, 
Editor Sc Ex-officio Secretary 


A Deposit of Massive Garnet in Bihar 
Suitable for the Manufacture of 
Abrasives & Grinding Materials ... 95 

A. N. Chowla 


Fish Poison from the Wood of Aditia 
cordtfolia ... ... ... ... 95 

N. Prabhakara Rao 


S. B. DE8HAPRABHU, Assistant Editor 


The Council of Scientific Industrial Research assumes no responsibility for the statements and 
opinions advanced by contributors. 

The Editorial Board in its work of examining papers received for publication is assisted, in a 
honorary capacity ^ by a large number of distinguished scientists working in various parts of India. 

Editorial communications and books and periodicals for review should be addressed to the Editor, 
Journal oe Scibntipic 8t Industrie Research. Bloch, Raisina Road, New Delhi. 

Communications regarding subscriptions and advertisements should be addressed to the Secretary, 
Council of Scientific & IndustrieiResearch, T’ Bhck, Raisina Road, New Delhi. " 

ANmJAL BIJSSCma^fiON 1 9 /- sH. (forslgii). SINGLE COPY : Re. I/- (iiUaiMl); 2 sh, (fereltn) 





XXIV 


THE 

HILGER UVISPEK 



MNGE SWITCH 


ULTRA-VIOLET & VISIBLE 
PHOTOELECTRIC SPECTROPHOTOMETER 

SOLE MAKERS 

HILGER & WATTS LTD. 

(HILGER DIVISION) 

. ★ 

SOLE AGENTS 

iasociated Instrument Manufacturers 

(India) Limited 

B5 Oive Buildfiigs 
P.O. Box 2136 

BOMBAY • CALCUTTA • NEW OELHI 







Hypochlorite Oxidation of Cotton 
Cellulose in Presence of Mixtures 
of Certain Vat Dyes — Part I 


G. M. NABAR & J. A. RATHOD 

Department Chemical Technology, University of Bombay 


T he ability of certain vat dyes to 
accelerate the oxidaHon of cellulose 
by air and by chemical oxidizing 
agents in presence of light is well 
established'*. It has been shown that 
nearly all yellow, orange and several red, 
pink and brown vat dyes behave in this 
manner. None of the blue and green vat 
dyes exhibit this behaviour. In the dark, 
however, the oxidation of cellulose by the 
oxidizing agent has been found to be in- 
dependent of the colour of the dye present 
on the fibre. This behaviour of vat dyes 
was explained by Scholefield and Turner® on 
the basis of a chemical theory, which may be 
summarized as follows ; Firstly, illumina- 
tion is necessary for the acceleration of the 
oxidation of the cellulose substrate and 
active dyes are more or less restricted to 
certain colour groups only. Secondly, the 
active yellow and orange vat dyes show a 
strong absorption of light of short wave 

length — between 3,600 to 4,000A — while 
the non-active blues and greens do not show 
strong absorption in this region*. Schole- 
field and Turner* assumed that the yellow 
and orange vat dyes, by virtue of their 
ability to absorb light in the near ultra-violet 
region, where large light quanta are available, 
bring about the necessary chemical change. 
They further assumed that the initial chemi- 
cal change brought about by the absorbed 
light is to reduce the vat dyestuff to its leuco 
compound and at the same time to cause 
an equivalent oxidation of the cellulose subs- 
trate. The leuco vat dyestuff thus formed 
then gets oxidized by aiy according to 
circumstances, also brin|lhg about the 


auto-oxi^ation of cellulose, as suggested by 
Engler®. Scholefield and Turner®, therefore, 
deduced that the chemical production of 
leuco compounds of vat dyes dyed upon 
the fibre should be capable of accelerating 
the oxidation of cellulose by oxidizing agents 
in the absence of light and irrespective 
of the optical properties of the vat dye. 

This point was examined in considerable 
detail by Turner, Nabar and Scholefield*-*, 
who showed that when a number of tendering 
and non-tendering leuco vat dyes on cellulose 
were treated with dilute hypochlorite solu- 
tions in the dark, a considerable amount of 
the acceleration of the hypochlorite action 
on cellulose is brought about. The extent 
of the modification depended on the nature 
of the vat dyestuff present on the cellu- 
lose. With dyes which themselves under- 
went modification by the hypochlorite treat- 
ment, the extent of modification in the 
cellulose substrate was lower than that when 
the dyes were unaffected by hypochlorite. 
The acceleration of cellulose oxidation during 
the air oxidation of leuco compounds of vat 
dyes chemically produced in the dark has 
also been demonstrated by Breare and 
Turner*. 

Another interesting aspect of the behaviour 
of tendering action of active vat dyes is 
their behaviour in the presence of a non- 
active blue or green vat dye on cellulose. 
Scholefield and Patel® investigated the action 
of light on dyeings prepared from mixtures 
of active and non-active vat dyes. They 
found that in such mixtures the light-resis- 
tant blue was rapidly destroyed tvhen an 
active yellow or an orange vat dye was 
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present. They further showed that when 
mixtures of vat blues and active yellows 
were exposed in their leuco state to light 
and air, the blue is in certain cases wholly or 
partially destroyed. Ciba Blue 2B was 
found to be especially susceptible in this 
respect. The same behaviour was observed 
when the mixed dyeings were subjected to 
the action of chemical oxidizing agents in 
the presence of light. Similar observations 
have been recorded by Scholefield and 
Stafford^®, Konig^^ and Jones'^. 

The present investigation relates to the 
behaviour,, of a mixture of a non-tendering 
dyestuff|^ith an active orange or yellow 
towards tlfe action of dilute sodium hypo- 
chlorite solution. From among the various 
tendering and non-tendering vat dyes, it 
was decided to select Ciba Blue 2B to re- 
present the non-tendering class and Cibanone 
Orange R to represent the tendering class. 
Dyeings on cotton were prepared using 
various concentrations of the two dyestuffs 
individually and in mixture on cotton yarn. 
These dyeings, both in the reduced and un- 
reduced state, were then subjected to the 
action of hypochlorite solution under con- 
trolled conditions of concentration of avail- 
able chlorine, and temperature for 10 
min. The available oxygen lost from the 
hypochlorite solution as a result of the treat- 
ment was estimated and the treated dyeings 
after thorough washing, drying and condi- 
tioning were examined for their cupram- 
monium fluidity and copper number. The 
degree of fading or destruction of the blue 
component was visually noted. 

Experimental 

Sodium hypochlorite used in the investiga- 
tion was prepared according to the methods 
of Musprat and Smith^®. The stock solution 
had the following characteristics : free alkali, 
2 0-2*5 N ; active chlorine, 150-160 gm./litre ; 
chlorate and carbonate, nil. For the oxida- 
tion experiments the dilute hypochlorite 
solutions were buffered to pH 9*1 using 
M/20 borax solution^®. 

Available Chlorine — The concentration of 
active chlorine in buffered sodium hypo- 
chlorite solutions used for oxidation was 
adjusted, as near as possible, to 3 gm. avail- 
able chlorine per litre. The of the 
solutions was determined by using the 
Morton type glass electrode system and a 
valye potentiometer*®. 

Cotton — Fully bleached 18's yarn manu- 
factured from Indian cotton Was used for 
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oxygen consumption experiments. The grey 
yarn was subjected to standard bleaching 
treatment ensuring more or less complete 
removal of impurities from the cellulose. 
After thorough washing, drying and condi- 
tioning, the cotton had the following pro- 
perties : cuprammonium fluidity^* ( 0*5 per 
cent solution ), 7*8 ; copper number^^ ( Heyes’ 
method), 0*15; milliequivalents of —COOH/ 
100 gm, of cellulose, 0*5. 

Method of Dyeing — The dyestuff was 
pasted with a small quantity of monopol 
soap and dispersed in 2 litres of cold water. 
Calculated quantities of caustic soda and 
hydrosulphite were added while stirring the 
mixture. It was then gradually heated to 
60°C. and then allowed to vat at this tem- 
perature for 30 min. 100 gm. of cotton yarn 
was wetted out with water containing a little 
alkali and hydrosulphite. It was squeezed 
and then worked in the dye solution for 45 
min. The cotton, as far as possible, was 
kept immersed below the surface of the 
liquor during the dyeing. It was then 
removed from the dye-bath and excess 
liquor evenly wrung out. The dyeing was 
then kept immersed in cold running water 
till the oxidation of the dye was complete. 
This took about 2 hr. It was squeezed, 
allowed to dry, conditioned in the dark and 
stored aWay from dust and light. 

Reduction of the Dyeing — 10 gm. of the 
dyed yarn was treated with cold 2 per cent 
sodium hydrosulphite solution for 3 min. 

( The reduction of the dyestuff takes place 
within the first half minute after treat- 
ment with hydrosulphite solution. ) The 
dyeing was then removed from the hydro- 
sulphite bath, excess solution wrung out 
rapidly and the reduced dyeing immersed 
at once in cold distilled water from which 
air had been expelled by previous boiling. 
It was kept stirred below the surface of water 
for 1 min. and then transferred to another 
similar bath. This was repeated 5 times. 
Finally, the yarn was squeezed between 
fingers to remove the excess water and at 
once transferred to a hypochlorite solution 
suitably buffered and kept ready in a stoppered 
flask. The repeated washings of the reduced 
dyeing were sufficient to remove the impuri- 
ties carried from the reduction bath by the 
cotton. 

Hypochlorite Treatment of Reduced Dye- 
ings & Determination of Oxygen Consumed — 
The method is similar to the one used by 
Nabar, Scholefield and Turner’. 10 gm, of 
thereduced vat dyeing were used for oxidation 
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Kig. 1 Relation between percentage of 
C iBA Blue 2B used for the dyeing and the 

AMOUNT OF OXYGEN. 


experiments. It was found that this weight 
of cotton approximately displaced 10 c.c. of 
water. It is impossible to get the reduced 
and washed dyeings in the dry condition and 
it is necessary to transfer the material to the 
hypochlorite solution in a wet state. The 
cotton, therefore, carries with it an undeter- 
mined weight of water and dilutes the 
hypochlorite. To allow for this dilution, 
the following procedure was adopted. 

A flat-bottomed flask was graduated to 
hold 560 c.c. { 550 c.c. for the liquor and 10 
c.c. for cotton ). Into this flask were intro- 
duced 500 c.c. of buffered sodium hwo- 
chlorite solution and the wet dyeing. The 
volume was then made up to 560 c.c. with 
cold distilled water. This diluted the ori- 
ginal 500 c.c. of the hypochlorite solution to 
550 c.c. A control experiment in which 
227*3 c.c. of the stock solution was diluted to 
250 c.c. with distilled water was carried out. 
After the hypochlorite treatment ( 10 min. ), 
the liquor which remained was analysed for 
available chlorine and its final pH. From 
the difference in the concentrations of avail- 
able chlorine in the control experiment and 
the solution after treatment, the net amount 
of oxygen used during the treatment can 
be calculated. The pH of the solution 
remained unaffected. 

The reduction and oxidation of the dye- 
ing was carried out in a dimly lit room. 
The hypochlorite solution used was standard- 
ized to contain 3 gm. available chlorine j^r 
litre. The time of treatment was 10 min. 
During the treatment, the dyeing was stirred 


below the surface of the liquor to ensure 
uniform contact. 

The oxidized cotton was washed free of 
chlorine. 

Cupr ammonium Fluidity — The cupram- 
monium fluidity of the various oxidized 
samples was determined by the standard 
B.C.I.R.A. method^®. 

Copper Number — The copper numbers 
were determined by the Schwalbe-Braidy 
method developed by the and 

adapted for use with smaller quantities of the 
sample by Heyes'^. 

Experimental Results 

A synopsis of the experimental results is 
presented graphically in Figs. 1-8. 

In this series of experiments, the concen- 
tration of Ciba Blue 2B and of Cibanone 
Orange R was varied and the dyeings were 
treated in the reduced as well as in the un- 
reduced state. The concentration of the dye, 
the oxygen consumption and the cupram- 
monium fluidity of the dyeing are given in 
Figs. 1-4. Corresponding values for the 
mixed dyeings are given in Figs. 5-8. 

Discussion 

In discussing the experimental results, 
consideration has to be given to : (a) the 
effect of a non -active dye such as Ciba Blue 
2B on the oxidation of cellulose when treated 
with hypochlorite solutions ; and (b) its 
influence on the properties of a tendering 
dye such as Cibanone Orange R in bringing 
about the acceleration of the oxidation of 
cellulose. 

A reference to results set out in Fig. 1 
shows that Ciba Blue 2B dyed cotton, both 
in the reduced and unreduced state, when 
treated with sodium hypochlorite solution 
for 10 min., brings about a considerable 



PiQ. 2 — Relation between cuprammonium 

FLUIDITY OF THE DYEING AND THE cdNCENTRA- 
TioN OF Ciba Blue 2B. 
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Fig. 3 — Relation between percentage of 
C iBANONE Orange R And the amount of 
OXYGEN consumed AND UNREDUCED DYEING. 

amount of loss of active o>^ygen from solution. 
This amount of oxygen may be partly uti- 
lized in oxidizing the cellulose and partly 
in destroying the dyestuff. Close examina- 
tion and comparison of the dyeings treated 
with hypochlorite solution both in the 
reduced and unreduced state with the 
untreated dyeings shows considerable loss 
of colour as a result of oxidation ; so, at least 
part of the oxygen lost from the solution 
must have been used up for the destruction 
of Ciba Blue 2B. It is known that when 
Ciba Blue 2B dyed cotton is exposed to 
light and air for sufficiently long periods, 
the main product of oxidation of Ciba Blue 
2B is di-bromo-isatin^^ From Fig. 2 it is 
seen that the amount of degradation pro- 
duced in the cellulose substrate is small. 
For an oxygen up-take of 0 32 per cent, a 
cuprammonium fluidity ( 0 5 per cent solu- 
tion ) of the order of 60 reciprocal poises 
may be expected, if all the oxygen is utilized 
for the oxidation of the substrate. It is 
found that the fluidity of the treated dyeings 
is of the order of 14 units and that of the 
untreated dyeings of the order of 10 units. 

Applying the idea of auto-oxidation, 
numerous examples of which are collected 
by Engler^, one would expect an extensive 
destruction of cellulose in the presence of an 
easily cxidizable substance. In so far as the 
results of the oxidation of cellulose in the 
presence of Ciba Blue 2B, both in the reduced 
and unreduced state, are concerned, this 
idea does not seem to be fully operative. 
In fact, in spite of an increased oxygen 
consumptipn with an increase in the 


concentration of the dyestuff, the fluidity of 
the substrate is not altered ( Fig. 2). The 
oxygen consumption appears to be simply 
related to the amount of dye present on the 
fibre. The difference of approximately 1 
millimole between the reduced and un- 
reduced dyeing (Fig. 1 ) appears to be 
mostly due to that amount required for the 
conversion of the leuco-Ciba Blue 2B to the 
fully oxidized stage. 

Sharply differentiated with these results 
are those obtained with Cibanone Orange R 
( Figs. 3 and 4 ). It will be seen that with an 
increase in the concentration of the dyestuff 
on cellulose the oxygen consumption ajso 
increases ( Fig. 3 ), gs was found to be the 
case by Nabar, Scholefield and Turner’. At 
the same time, the cellulose substrate has 
been found to have undergone considerable 
chemical modification (Fig. 4 ). For an 
oxygen consumption of about 3-5 millimoles 
( OT 12 per cent ), the cuprammonium fluidity 
of the treated dyeing has been found to be of 
the order of 27 reciprocal poises, indicating 
a considerable chemical damage. Cibanone 
Orange R appears to be chemically inert to 
hypochlorite treatment and the oxygen 
taken up by the reduced dyeing is used up 
practically in oxidizing the cellulose substrate. 

In Figs. 5-8 are given results of hypo- 
chlorite oxidation experiments carried out 
with mixed dyeings of Ciba Blue 2B and 
Cibanone Orange R. It has been pointed 
out® that when such a mixed dyeing is 



Fig. 4 — Relation between cuprammonium 

FLUIDITY OF THE DYEING AND THE CONCENTR.A- 

TiON OF Cibanone Orange R. 
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CiBA Blue 2B and the amount of oxygen con- 
sumed BY REDUCED AND UNREDUCED DYEING IN 
THE mixed DYEING, 



Fig. 6 - Relation between cuprammonium 
FLUIDITY AND CONCENTRATION OF CiBA BlUE 2B IN 
THE MIXED DYEING. 


exposed to light and air, the blue comjwnent 
gets rapidly destroyed giving protection to 
the cellulose substrate from the degrading 
action of Cibanone Orange R. It is inter- 
esting to find similar behaviour to exist 
when mixed dyeings produced from Ciba 
Blue 2B and Cibanone Orange R are treated 
in the reduced and unreduced state with 
hypochlorite solutions. From Fig. 5 it will 
be seen that when the amount of Cibanone 
Orange R in the mixed dyeing is kept 
constant and the amounts of the Ciba Blue 
2B are increased in regular amounts, the 
oxygen up-take also increases in the same 
manner. It is interesting to find that in 
the case of the unreduced mixed dyeings, 
when treated with hypochlorite solutions, 
the amounts of oxygen consumed are more 
or less the same as those consumed by 
the pure Ciba Blue 2B dyeings of similar 
concentration ( Fig. 1 ). The amount of 
oxygen consumed by the reduced mixed 
dyeings, however, are consistently higher by 
about 1 millimole than those for the reduced 
pure Ciba Blue 2B dyeing. This consistent 


difference must be due to the fact that the 
reduced mixed dyeing contains, in addition 
to Ciba Blue 2B, 2 5 per cent Cibanone 
Orange R, which has to be converted to the 
oxidized stage. Examining the cupram- 
monium fluidity of the treated mixed 
dyeings (Fig. 6 ), it is found that in spite 
of 2‘5 f)er cent Cibanone Orange R being 
present on the dyeing, the rise in cupram- 
monium fluidity is not at all significant. 
When dyeing with 2' 5 per cent Cibanone 
Orange R alone is treated in the reduced 
state with hypochlorite solution, a cupram- 
monium fluidity of the substrate rises to .36 
units ( Fig. 4 ), while the same for the mixed 
dyeing is of the order of 18 units ( Fig. 6 ). 
The presence of Cibanone Orange R, how- 
ever, causes a very small but consistent 
increase in the cuprammonium fluidity of 
the mixed samples. When these results 
are compared with those obtained ( Figs. 7 
and 8 ) with mixed dyeings when the concen- 
tration of Cibanone Orange R was varied, 
keeping that of Ciba Blue 2B at 2 5 p>er 
cent, it is seen that the increase in the 
concentration of Cibanone Orange R does 
not make any difference in the amounts of 
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oxygen consumed by the mixed dyeings 
(Fig. 7) as was found to be the case 
when Cibanone Orange R alone was dyed 
on cotton (Fig. 3). The cuprammonium 
fluidity is also not altered with increase in 
the concentration of Cibanone Orange R. 
Both these observations indicate that in 
presence of Ciba Blue 2B, Cibanone 
Orange R, a pronounced tendering dye, 
both in the unreduced state in the pre- 
sence of light and air and in the reduced 
state in the presence of oxidizing agents, 
loses completely its identity and its tendering 
properties appear to be lost in the presence 
of Ciba Blue 2B. It should be of interest 
to find out the mechanism by which Ciba 
Blue 2B renders Cibanone Orange R inactive 
in so far as tendering of cellulose substrate 
is concerned. 

Summary 

1. The oxidation of cellulose dyed with 
Ciba Blue 2B, Cibanone Orange R and their 
mixture both in the reduced and unreduced 
state by dilute solutions of sodium hypo- 
chlorite is studied. 

2. It is found that in the reduced state 
Ciba Blue 2B does not accelerate the oxida- 
tion of the cellulose substrate. Cibanone 
Orange R, on the other hand, under similar 
conditions causes a considerable acceleration 
of the oxidation of cellulose. 

3. In the Tpresence of reduced Ciba Blue 
2B, reduced Cibanone Orange R loses its 


identity with the result that there is no 
acceleration of the oxidation of cellulose by 
hypochlorite solutions. 
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Lac-linseed Oil Varnishes 
Part III — Lac-linseed Oil-lime 


Y. SANKARANARAYANAN 

Indian Lac Research Institute, Namkum, Ranchi 


T he possibility of preparing lac-linseed 
oil varnishes using lead oxide and 
glycerine respectively as incorporat- 
ing agents has been studied and 
reported in two previous papers*'^ Jt has 
been pointed out that about 15 per cent 
of litharge on the weight of lac is necessary 
to ensure complete dissolution of lac in the 
oil. It has also been pointed out that 
whereas baked films of the lac-linseed oil- 
lead oxide compositions are quite smooth 
and homogeneous, air-dried films are not 
so smooth and present an uneven surface. 
This was interpreted as being possibly due 
to the large amount of the “ drying ” metal 
necessarily present in the composition. It 
was hoped, therefore, that if the lead oxide 
could be partially or totally replaced by the 
oxide of another metal of the non-drying 
or at least less drying type, the defect might 
be eliminated. With this end in view, lime 
( calcium hydroxide ) was investigated as 
a possible substitute for lead oxide. 

The possibility of using lime as an incor- 
porating agent for the preparation of lac- 
linseed oil combinations has been reported 
by Aldis* and by Fain^. The former, beyond 
reporting one particular proportion, does, 
not appear to have studied the problem 
in all its aspects such as the film properties 
of the resulting compositions, while the 
latter has used the product only in conjunc- 
tion with other synthetic resins. The 
problem has, therefore, been investigated 
anew in detail. As stated already, about 
15 per cent of litharge on the weight of lac 
is necessary to bring about proper incor- 
poration of lac in linseed oil. This, in terms 
of calcium hydroxide, will be equivalent to 
about 5 per cent on the weight of lac. Thus, 
to dissolve 50 gm. of lac in 100 gm. linseed 
oil, 7*5 gm. of litharge or its equivalent 
2*5 gm. of calcium hydroxide are required, 
which was actually found to be the case. 
For the proportions given above, the tem- 
perature of incorporation is 240®-2S0X. 
in the case of litharge, but when lime is 


used, a higher temperature ( 280°-290°C. ) 
is necessary. If less than 2*5 gm, of lime 
are used, a portion of the lac is left behind 
in granular form. Increasing the amount 
of lime lowers the temperature of incorpora- 
tion but not to the same extent as in the 
case of litharge. Again, when 100 parts 
of lac are dissolved in 100 parts of linseed 
oil using 15 parts litharge, the temperature 
of incorporation is 220T. But with these 
same proportions of lac and oil and the 
equivalent quantity of lime ( i.e. 5 parts ) 
in place of litharge, the product obtained 
as a result of reaction at the same tempera- 
ture, namely 220®C., does not become clear 
immediately as in the case of litharge but 
only after 20-25 min. If, however, the 
temperature is raised to 290°C. the pro- 
duct becomes clear immediately. From the 
above data it may be inferred that as an 
incorporating agent lime is not so efficient 
as litharge. 

It was observed in the course of our 
experiments that precipitated calcium lino- 
leate may be used in place of lime for incor- 
porating lac in linseed oil ( cf. lead linoleate ), 
and it was of interest to investigate whether 
any other soap of calcium would serve the 
same purpose or it should only be the lino- 
leate. Accordingly, calcium stearate was 
tried, and was found to effect the dissolution 
quite well. Other metallic soaps, e.g. the 
stearates of zinc, aluminium and potassium 
as well as linoleates of manganese, sodium 
and potassium were tried, and it was found 
that all of them were more or less similar 
in bringing about the compatibility. 

Among other compounds tried were 
sodium acetate and sodium oleate which, 
however, did not induce solubility, though 
the “ life " of lac in the oil was prolonged 
considerably. The chemical reactions in- 
volved in these incorporations are being 
examined and will be reported later. 

Properties of Lac4inseed Oil-lime Composi- 
tions — Though lime is not quite so effi- 
cient as litharge as incorporating agent, 
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products obtained by using either are very 
similar. Thus, lac-linseed oil-lime composi- 
tions are all soluble in the usual varnish 
solvents like white spirit or turpentine, and 
require, in addition, small proportions of 
alcohol to eliminate false body when the pro- 
portion of lac to oil exceeds 70-75 per cent. 
These varnishes are naturally slow-drying 
owing to the absence of lead, but when 
suitable driers are incorporated, the drying 
property can be considerably improved. The 
air-dried films are smooth and homogeneous. 
Even in the absence of a drier, the films dry 
when baked at 90°-95°C. in the course of 
3-4 hr. and in shorter time at higher tem- 
peratures. The varnishes are non-skinning 
and the baked films are considerably more 
resistant to the effect of heat than the 
lead oxide compositions with regard to their 
ageing characteristics. 

Lac4inseed 0il4itharge4ime — It was noted 
that though the lac-linseed oil-lime composi- 
tions could be made to air-dry in less 
than 24 hr. by using excess of lead and 
cobalt driers, the product could not be 
made to '' surface-dry in less than 6 hr. 
as required in some of the specifications. 
It was hoped that by substituting a portion 
of the lime with litharge, a composition 
might be obtained which would surface-dry 
in less than 6 hr. and retain all the other 
properties unaffected. Such a product could 
actually be m^^de by using 3 parts of litharge 
and 1*5 parts of lime for incorporating 
50 parts of lac in 100 parts of linseed oil. 

A varnish based on the combined use of 
lime and litharge in the above proportions 
may be rnade under the usual conditions at 
a temperature of 270°-280°C. (as described 
for litharge). With the addition of 0*04 
per cent cobalt in this varnish the surface- 
drying time is less than 6 hr. and the hard- 
drying time less than 18 hr. The resulting 
film in this case also was smooth. The 
acid value of the product is low and the 
colour satisfactory. Incidentally, this coih- 
position without the cobalt drier was found 
to be superior for use as a clear baking, 
insulating varnish to the one using only 


lime as the incorporating agent, as the 
drying was faster. This was also perfectly 
non-skinning in spite of the presence of lead. 
A sample of “ empire cloth prepared on 
a 5-mil cotton support by the application 
of 4 coats of this varnish (by dipping), 
each coat being baked in a tower at 125°C. 
for 1 hr. gave a product with the following 
characteristics : 

Thickness 10 mil 

B.D.V, at laboratory tempera- 
ture after drying in a vacuum 
desiccator for 24 hr. 980 volts /mil 

B.D.V. at 90°C. 700-750 volts/mil 

Summary 

1 . Lac can be incorporated in linseed 
oil into which 5 per cent of lime on the 
weight of lac has been dissolved. 

2. In place of lime the equivalent 
quantity of precipitated calcium linoleate 
or stearate may be used. 

3. Other metallic soaps like zinc stearate, 
potassium linoleate, etc., also assist in the 
incorporation of lac in linseed oil. 

4. Lime may be partially replaced by 
litharge to improve the drying character- 
istics of the composition. 

5. The products obtained in either case 
are practically similar to those obtained 
using litharge alone except for the drying 
characteristics. They have, howeverj better 
ageing properties. 

6. Cobalt or manganese together with 
lead may be used to improve the drying 
properties. 
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Chemical Examination of the Dried 
Latex from Euphorbia tirucalli 


KARIMULLAH* & 

Chemical Laboratories, 
Delhi 

ARIMULLAH and N. L. Dutta^ have 
reported the isolation of a crystalline 
substance from the dried latex of 
Euphorbia tirucalli. The present 
paper deals with the results of further 
work on the characterization of the crystal- 
line substance, and also of the resin which 
constitutes the main bulk of the dried latex. 

The crystalline matter was isolated in a 
crude form from the ether extract of the dried 
latex by dissolving it in a minimum quantity 
of hot alcohol and allowing the solution 
to cool. The yield of the ketone, which 
for ease of reference may at this stage 
of investigation be provisionally named 
Kuphoron, varies from 20 per cent in fresh 
samples to 2 per cent in samples stored 
for about a year. In keeping with its 
ketonic nature, Euphoron gives an oxime 
( m.p. 194°-195X. ), a hydrazone ( m.p. 
149°-150°C. ), and a semicarbazone (m.p. 
178°-179T. ). It contains 2 double bonds 
as reported earlier ( loc. cit.) ; but it takes 
only 2 hydrogen atoms on catalytic reduction 
with platinum oxide yielding a product 
which melts at 65‘5°C. and is ketonic in 
character as it forms an oxime ( m.p. 205X.). 
Reduction with sodium and amyl alcohol, 
however, gave the corresponding alcohol 
in 20 per cent yield along with a large 
quantity of resinous material from which 
no crystalline matter could be isolated. 
The acetyl derivative of the alcohol, which 
will be referred to as Euphorol, rnelts 
at 107°-108X., and is identical with the 
acetyl derivative of the alcohol isolated 
earlier ( loc. cit.) from the mother liquor 
of Euphoron, 

In the earlier communication, the formula 
C27H4JO was proposed for the ketone on 
the basis of the C, H values. Although the 
molecular weight determined by the Rast 
method ( M.W. 390 ) agrees fairly well with 
this molecular formula ( M.W. required, 382 ), 
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the iodine value of the ketone and the 
nitrogen values of the oximes 4 the 
original and the hydrogenated ketones 
seem to be somewhat more favourable for 
formulations with a higher number of carbon 
atoms ( cf. experimental ). The exact for- 
mula for Euphoron cannot, therefore, be 
definitely fixed at the present stage of 
investigation. 

The main component of the dried latex 
is a brittle, lustrous resin resembling rosin 
in appearance and melting at 65^-75°C. 
On distilling with superheated steam at 
250T. a portion of the resin distilled over 
as a viscous liquid, leaving behind a residue 
which melted at 125''-140®C. and was dark, 
lustrous and brittle in character. The lin- 
seed oil varnish prepared with this harden- 
ed resin gave films which were tack-free and 
glossy, indicating the possibility of its use in 
the formulation of paints and varnishes. 

Experimental 

Isolation of the Ketone [Euphoron) — 
5 kg. of the dried latex were powdered and 
exhaustively extracted with ether. The 
ethereal extract was concentrated to a thick 
syrup, which was dissolved in a minimum 
quantity of hot alcohol and left overnight 
for crystallization. The crystallizate was 
sucked, washed with alcohol and dried 
( yield, 1 kg.). On repeated crystallization 
of this product with chloroform, petroleum 
ether, ethyl acetate and alcohol, Euphoron 
was finally obtained as a colourless crystal- 
line product melting at 119-5X. The 
mother liquor yielded further quantities of 
the pure ketone, giving a total yield of 
15 per cent on the weight of’ the dried latex. 
Euphoron is soluble in chloroform in the 
cold and ether, and in alcohol, acetone and 
petroleum ether in the hot and crystallizes 
from thes.^ solvents in star-shaped aggre- 
gates of needles. 
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ANALYSIS* 


Required 

C. 

H. 

M.W. 

Iodine 

FOR 

% 

% 


VALUE 

( Hanus ) 

C.,H.,0 

84-80 

10-99 

382 

132-9 

C„H„0 

CjiHjoO 

84-87 

11-22 

410 

123-8 

84-92 

11-41 

438 

116-0 

Found (1) 
(2) 

84-57 

84-72 

11-37 

11-28 

390 (R 

ast) 110-0 


Euphoron Oxime — 1 gm. of hydroxyl- 
amine hydrochloride dissolved in 2 c.c. of 
water was added to 100 c.c. of alcohol 
containing 0-5 gm. of potassium hydroxide. 
The solution was then filtered and the 
filtrate refluxed for 1 hr. with 1 gm. of 
Euphoron on the water bath. The crystal- 
lizate obtained on cooling the solution at 
the end of the reaction was filtered, washed 
with water, and dried oyer a porous plate. 
On crystallization from a piixture of alcohol 
and chloroform, this product gave a nearly 
theoretical yield of the oxime ( 1 gm. ) 
which melted at 194°-19S^C. and formed 
fine, colourless plates of crystals. Euphoron 
oxime is soluble in ether, chloroform, and 
ethyl acetate in the cold, and alcohol, acetone 
and petroleum ether in the hot. 


Required for 

ANALYSIS 

c. 

H. 

N. 

^>1. 

% 

% 

% 

C„H„ON 

81 60 

10-83 

3-53 

C„H„ON 

81-89 

11-06 

3-29 

r,.H„ON 

8212 

11-26 

3-09 

Found 

82-68 

11-12 

3-14 


Euphoron Semicarhazone — To a hot solu- 
tion of the ketone ( 1 gm. ) in alcohol were 
added semicarbazide hydrochloride ( 1 gm. ) 
and sodium acetate ( 1 gm. ) ; the mixture 
was refluxed over a water bath for 1 hr. 
and then poured into water* The preci- 
pitate was washed free from sodipm acetate 
and crystallized from alcohol. The semi- 
carbazone thus obtained melted at 178®- 
179®C. and was soluble in ether, alcohol, 
chloroform and petroleum ether. 

Euphoron Hydrazone — To an aqueous 
solution of hydrazine hydrochloride ( 2 gm. ) 
was added 4 gm. of sodium acetate and 
300 c.c. of alcohol and the resulting solution 

* The micro analytical values recorded in the 
present paper have all been determined after drying 
^.he substances to constant weight at 50®-60°C. 
in vaduo. 
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was refluxed with 1 gm. of ketone dissolved 
in a small quantity of hot alcohol for 4 hr. 
on the water bath. The crystals which 
separated on cooling the solution were 
filtered, washed with water and crystallized 
from a mixture of ether and alcohol. The 
hydrazone thus obtained formed pale-yellow 
plates readily soluble in ether, and chloro- 
form, but sparingly so in other organic 
solvents ; m.p. 149®-150®C. 

Dihydro Euphoron — A solution of 5 gm. 
of pure Euphoron in 100 c.c. of glacial 
acetic acid was shaken with 0*5 gm. of 
platinum oxide catalyst ( Roger- Adams ) 
in a long-necked flask connected to a 
graduated hydrogen reservoir. The absorp- 
tion which was rapid in the beginning was 
complete in 8 hr. The glacial acetic acid 
was distilled off from the solution below 
70®C. in vacuo, and the residue crystallized 
from alcohol. Dihydro Euphoron, thus 
obtained in nearly theoretical yield ( 5 gm.), 
formed triangular plates melting at 6S*5°C. 
and was readily soluble in chloroform, 
ether, alcohol and acetone. It decolourized 
alkaline permanganate solution and bromine 
in chloroform, indicating its unsaturated 
character. 


ANALYSIS 


Required for 

C. 

H. 

0/^ 

Volume of 
H. absorbed 




FOR ONE 



DOUBLE BOND 




lit./lOO gm. 

C„M4,0 

84-37 

11-47 

5-83 


84-47 

11-65 

5-44 


84-53 

11-81 

5-09 

Found 

84-59 

11 59 

5-00 


Dihydro-Euphoron Oxime — The oxime of 
the dihydro ketone was prepared by follow- 
ing the procedure described for the pre- 
paration of the oxime of Euphoron, It 
formed colourless flakes soluble in ether 
and chloroform, less so in alcohol and 
acetone, and nearly insoluble in petroleum 
ether ; m.p. 205®C. 



ANALYSIS 


Required for 

c. 

H. 

N. 


"% 

/<> 

/o 

c„H4,on 

81-19 

11*28 

3*51 

C„H„ON 

81-51 

11*48 

3-28 

C„H.,ON 

81-75 

11*65 

308 

Found 

81-40 

11-45 

3*28 
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Euphorol* — A hot solution of the ketone 
( 5 gm.) in 250 c.c. of amyl alcohol was 
fitted with a reflux arrangement and sodium 
added to it in small bits in the course of 
about 1 hr. After the completion of 
the reaction the amyl alcohol solution was 
washed free of alkali with water and the 
solvent distilled off in vacuo. The residue 
was then crystallized successively from 
petroleum ether, a mixture of methyl 
alcohol and ethyl acetate and from alcohol, 
when Euphorol was finally obtained in the 
form of colourless needles in a rather poor 
yield ( 1 gm. ), It melts at 109°C. and is 
more readily soluble than the ketones in 
ether, alcohol and other organic solvents. 

Euphorol Acetate — To a solution of Eupho- 
rol ( 0*5 gm. ) in 10 c.c. of dry pyridine was 
added 5 c.c. of acetic anhydride. After 
warming over the water bath for half an 
hour, the solution was cooled, diluted with 
ether, and successively shaken out with 
dilute solutions of hydrochloric acid and 
sodium hydroxide, and finally with water. 
It was then dried over anhydrous sodium 
sulphate and the .solvent removed on the 
water bath. The residue was repeatedly 
crystallized from alcohol when Euphorol 
acetate was obtained in the form of fine 
needles, readily soluble in ether and chloro- 
form in the cold and in alcohol, acetone, 
and petroleum ether in the hot ; m.p. 
107"-1()8T. (yield. 0-2 gm. ). 

Euphorol Benzoate — A solution of Eupho- 
rol { 0*25 gm. ) and benzoyl chloride ( 1 c.c. ) 
in dry pyridine ( 10 c.c. ) was warmed on 
the water bath for about half an hour, cooled 
and diluted with ether. The ethereal solution 
was shaken out first with a dilute solution 
of hydrochloric acid, then with dilute 
alkali, and finally with water. It was then 
dried over anhydrous sodium sulphate, 
filtered and freed from the solvent. On 
dissolving the residue in hot alcohol and 
leaving tfie solution overnight, Euphorol 
benzoate was obtained in colourless needles, 

* Further work on the purification of Euphorol 
will form the subject of a subsequent communica- 
tion. 


fairly soluble in ether and chloroform, 
less so in alcohol, and melting at 114°C. ; 
yield 0T5 gm. 

Resinous Component of Dried Latex — After 
separation of the total crystallizate ( crude 
Euphoron ) from the alcoholic solution of 
the ethereal extract of the dried latex, the 
solvent was removed from the mother 
liquor in vacuo. The residue, which consti- 
tutes the resin component of the latex, was 
a brittle, lustrous mass resembling rosin in 
appearance, and melting within the range 
of 65°-75°C. When distilled with super- 
heated steam, at 250°C., it yields a small 
quantity of a viscous liquid. The main 
bulk of the resin, however, remained in the 
flask as a dark, brittle, lustrous mass melting 
at 125‘"-140X. Both the steam distilled 
and the original resins are soluble in benzene, 
turpentine and linseed oil. The physical 
and chemical constants of the various - 
resinous products obtained from the latex 
are given below. 


ANALYSIS 



Ethik 

Total 

kESinCK 

High 

Yield on the wt. 
of the dried 

KXTKM T 

RICSIN AKTER 

THi:.\TMENT 

WITH 

SCPERHEATKI) 

STEAM 

Tl MPEK A- 

TCRE 

STEAM 

DISTILLATE 

latex, % 

75 

50 

45 

5 

Ash. % 

01 

0 12 



M.p.,X. 

55-62 

65-75 

125-40 


Acid value 

21-6 

17 7 

12-3 
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Ester value 

67 9 

66 '6 

106-6 

nil 

Iodine value 

113 0 

131 0 

55-9 

62-9 

C'arbonyl value* 

1410 

1120 
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An Ideal Encrustation of Lac 


S. MAHDIHASSAN 

Department of Biochemistry, Cipla Laboratories, Bombay 


D uring November 1923, a fresh piece 
of stick lac was collected at Bangalore. 
It belonged to the insect Lakshadia 
communis growing on Acacia con- 
cinna, which is a common plant there, but 
nevertheless only rarely attacked by the 
lac insect. vSince no lac encrustation similar 
to it was collected before or subsequently, 
it has been the very best I ever collected. 
Even in the literature no record similar to 
it is mentioned. 

I have shown elsewhere' that at the end 
of the monsoon season, in November, only 
small chunks of lac are found. From these 
pieces the larvae emerge as winged males. 
A few that get scattered; usually only 1 
larva on a branch, change their sex, become 
crown shaped in form and give rise to a 
normal generation of young ones, about 
13 females to 1 male. The progeny that 
emerges from single cells can never be very 
large and explains the occurrence of stick 
lac only as isolated chunks. The prepon- 
derance of males regularly following the 
monsoon sedson makes L, communis 
unfit for cultivation, a fact not recognized 
in the literature even to this day. A parallel 
occurrence of males in the Indian Cochenille 
insect likewise prevented its being utilized 
for cultivating the Cochenille insect in this 
country. I believe it is the insect originally 
introduced from South Aiperica where it 
was found wild and thus this species com- 
pares well with L. communis found all over 
South India. 

When the young ones emerge from the 
crown-shaped cell, they settle down in the 
proximity of the dead mother insect. It is, 
therefore, commonly found that the empty 
cell gets incorporated with the fresh mass 
of encrustation produced by the living 
generation, as has been previously' illus- 
trated. But the crown-shape'd cell may 
remain apart from the main encrustation 
which has been likewise shown before'. 
The dry cell may even drop away, leaving 
no |race of the mother insect which has 
iven birth to the generation forming chunk 
•f lac. Wl^n we consider probabilities 


rather than possibilities, the piece of stick 
lac illustrated here was formed by a 
generation arising from a single crown- 
shaped mother cell which dropped off before 
it was collected. 

When freshly collected, it was kept in a 
glass jar for breeding parasites. L. communis 
in Bangalore is most liable to the attack 
of Euhlemma amabilis and next to it of 
Erencyrtus dewitzi. For about 8 days no 
parasite was observed. When the larval 
swarming became intense, the piece of stick 
lac was removed for infecting a branch of 
Guazuma tomentosa and left there for 24 hr. 
and after this period replaced in the breed- 
ing cage. The larvae that swarmed from the 
brood lac became all winged males whicii 
was expected. Not a single parasite was 
reared and as far as I know no such im- 
munity has been established before. After 6 
weeks the encrustation was removed when 
all insect life appeared to have been dead. 

In May 1947 a photograph was taken 
of it and illustrations were also made which 
are being offered^ to supplement it. The 
dry encras ation with the twig weighed 
40 425 gm. It was left overnight in alcohol 
which dissolved the lac resin and left the 
twig and individual insects free. The twig 
was dried at SOT. and weighed ( 8 092 gm. ). 
Insects were 1,335 in number. Thus the 
average weight of a dry lac cell, growing in 
a colony and feeding during the monsoon 
season, was 0*0272 gm. During the dry 
season more lac is secreted, likewise when 
insects are growing isolated. A single cell 
of L. communis collected in May 1947 from 
Anona squamosa in Hyderabad weighed 
0*031 gm. For Lakshadia nagoliensis, feed- 
ing on Schleichera trijuga, during monsoon 
season, an average dry insect and its 
secretion weighed 0*0188-0*0194 gm. As 
compared with L, communis the individual 
insects of L. nagoliensis v/ere rather small 
but when their body surface was consider- 
ed, Nagoli lac insects appeared to secrete 
more lac. 

The 1,335 insects that formed the colony- 
encrustation were examined carefully but 
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indicated any injury, even in the past, from 
parasites. No shrivelled bodies of dead in- 
sects were observed such as would have indi- 
cated premature death. But even if 1,335 
individuals had survived, it does not indicate 
that the progeny did not originally consist 
of more larvae. The generation that forms 
chunks of lac born of crown-shaped cells, 
generally consists of 13 females to 1 male. 
Thus for 1,335 female insects there must 
have been at least 126 males, so that 
the total larvae that issued are 1,461. Now, 
a normal female cell delivers 500 to 750 
larvae ; the crown-shaped cell, on the con- 
trary, has been known to yield 1,500 larvae ; 
in fact 1,505 have been actually counted. 
Taking 1,500 larvae as the maximum figure, 
1,460 represent female and male larvae 
that survived to complete their life cycles, 
whereas 40 must have died prematurely. 
There is no record in the literature even 
to show that 1,335 individuals were derived 
from 1 mother cell. Such a large progeny 
can only come from a crown-shaped mother 
insect while no normal female cell can ever 
compete with it and literature is silent 
over crown-shaped cells. 

The encrustation was photographed some- 
what reduced and then enlarged to reproduce 
the object in natural size as shown in Fig. la. 
Fig. lb gives a pen and ink outline to bring 
out its important features ; it also repre- 
sents the encrustation ( natural size ). Fig. Ic 
shows the opposite or dorsal view of the 
same specimen. When a twig grows verti- 
cally, larvae settle all around it ; their final 
product, then, is a cylindrical encrustation 
of lac. If the twig is inclined, the population 
on the side facing the earth is more intense 
than on the other side of the twig ; the 
final encrustation is thicker on the side 
facing the earth than on the other half of 
the twig. If the twig is still more inclined 
or almost horizontal, then the larvae settle 
only on the lower half leaving the upper 
surface of the twig free from colonization. 
Now, all grades of inclination are found and, 
correspondingly, lac encrustations may be 
perfectly cylindrical sorrounding a vertical 
twig or may be a semi-cylindrical crust on 
the lower half of a horizontal one or may be 
any intermediate between these extremes. 
A glance at Fig. Ic shows that the upper end 
is approaching a cylinder with only a narrow 
line of partition between the two sides of 
the encrustation meeting together, while the 
lower end has a distinct separation with 
only three-fourths of the circumference 


of the twig surrounded with lac. In 
such a small twig degrees of inclination 
do not explain the difference noted above. 
Lac insects are phototrbpic so that coloni- 
zation is often more intense towards the 
end receiving more light. Such a clear 
difference is not apparent on studying 
Fig. lb representing the side of encrustation 
which was facing the earth. What is 
specially to be noted in Fig. Ic is that the 
encrustation formed by rows of insects on 
either side of the twig shows a partition 
between lac from either side which has not 
fused, a feature special to L. cotnmpms. It 
secretes lac poorly and thus the secretion 
does not easily fuse. 

As early as 1567 Clusius also reproduced 
a wood engraving where stick lac envelopes 
a twig without forming a cylinder. It has 
been reproduced as Fig. 1 of a recent 
communication^. The same paper shows 
in Fig. 3 a stick lac of L. communis where 
the two sides of an encrustation meet but do 
not fuse. The object illustrated here ( Fig. 
Ic ) thus supports the illustration by Clusius. 

When we compare an insect belonging to 
L, communis with that of L. nagoliensis, 
the former is larger in size but, compared 
with its body surface, the secretion of lac 
is less. In simpler words, L. communis 
has a thinner coat of lac to cover its larger 
body while L. nagoliensis has a much thicker 
one for a smaller body. When two rows of 
insects belonging to L. communis meet, 
their secretions, being thin, do not fuse, 
which easily happens in the case of L. 
nagoliensis. The difference in stick lac of 
these two lac insects has been previously 
explained^. 

It remains to add that the diameter of 
the twig of Acacia concinna in Figs, la, 
lb, Ic was 0*6 cm. at the top, 0*7 cm. 
in the middle and 0*9 cm. at the basal 
end. Previous observations have shown 
that shoots with 0*75 cm. are ideal for lac 
infection. The presept encrustation also 
confirms this standard. 

Part of the work was done at the 
Research Institute, Osmania University, 
Hyderabad ( Deccan ) with the help of 
Mr. Kader Mohiuddin, to whom my 
thanks are due. Thanks are also due to 
Mr. Giriraj for the pen and ink drawings. 

Summary 

A specimen of stick lac has been recorded 
from Acacia concinna as host, belonging 
to the insect Lakshadia communis found au 
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Bangalore, growing there during the monsoon 
season. 1,335 individuals formed the en- 
crustation which together weighed 32* 3 gm. 
The entire generation was born of one crown- 
shaped mother cell. The same genera- 
tion also comprised probably of 126 males 
so that the entire progeny, including those 
that may have died, consisted of about 
1,500 larvae. The encrustation was ideal 
in so far as no bigger colony, born of one 


Letters 


A DEPOSIT OF MASSIVE GARNET 
IN BIHAR SUITABLE FOR THE 
MANUFACTURE OF ABRASIVES & 
GRINDING MATERIALS 

India depends upon foreign countries 
for the supply of materials required for 
rutting, polishing, crushing and grinding. 
Such articles are commonly required in 
almost all industries. Corundum sheets 
and papers are being manufactured on a 
small scale in the Mysore State, The 
raw^ material required is rare and hard 
to win, and a large-sized industry can 
be started only in a place where the raw 
material is available in assured commercial 
quantities. 

A large deposit of massive garnet ( calde- 
rite-manganese-iron garnet ) of pinkish- 
black colour has been recently dis- 
covered on the bank of River Chan dan 
near the villages Nawadih and Chandan in 
the Chandan sub-zemindary of the Banaili 
Raj , now worked by the Mining & Industries 
Lid., Bhagalpur. It is by the side of the 
Katoria-Deoghar Road and 10 miles east of 
Deoghar. An out-crop of b'xj mile is 
visible in bold relief surrounded by eroded 
fields. Its development awaits the installa- 
tion of an improved garnet mill as employed 
on the continent. 

The garnet js completely free from dele- 
terious substances, and is the purest so far 
discovered on so large a scale in India. The 
field-test for garnet to be used as abrasive 
is that the particles should break off and 
offer a fresh surface after it has been once 


mothier insect, has been recorded. It was 
again ideal in its being free from all 
parasites. 

R E F E n E N C E S 

1. Mahdihassan, S. : Zeit. f. ang. Enlomol., 1930, 
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3. Idem., Verh. d. Dexitsch. Zool. Gcs., 1938, 73. 


to the Editor 


used. This deposit is extensive enough 
to warrant the establishment of a garnet 
mill. 

Deoghar and Jasidih being the nearest 
railheads appear to be suitable places 
for this industry at present, but Jasidih 
being on the main line is more suitable. If 
the Sul tanganj -Deoghar railway materializes, 
it will pass through this area. 

Garnet-coated abrasives are used in the 
form of belts, discs and small sheets. 90 
per cent of the garnet is used in the manu- 
facture of abrasive-coated paper and cloth 
and the remainder is sold as low-priced 
material in the form of loose grains for 
surfacing and polishing marble, slate, soap- 
stone and also in sand-blast operations. A 
small amount is used for the surfacing of 
plate glass. Garnet is also used for rubbing 
down painted surfaces of cars and for the 
manufacture of small discs employed in 
dental work. Garnet paper is used in 
leather, rubber and celluloid industries. 

A. N. Chowla 

The Mining & Industries Ltd. 

Bhagalpur 


FISH POISON FROM THE WOOD OF 
ADINA CORDIFOLIA 

In the course of a study of natural 
and synthetic insecticides and fish poisons, 
adinin, the crystalline component of the 
wood of Adina cordifolia, has been examined 
for its insecticidal and fish-poisoning pro- 
perties. Adinin and its methyl ether are^ 
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found definitely toxic to fish, the methyl 
ether being more potent than adinin itself. 
It was, therefore, of interest to make a 
detailed study of their constitution. 

Lai and Dutt^ reported the isolation of 
a yelloVv colouring matter from the wood 
of Adina cerdifolia, which they named 
‘'adinin”. It crystallized from glacial acetic 
acid as small bright-yellow prisms, which 
on heating darkened at 195°-196®C., shrunk 
at 209°C. and decomposed without melting 
above that temperature. The molecular 
formula of adinin was given as 

In the present work, various modifications 
in the procedure for the isolation and puri- 
fication of adipin have been examined. 
Extraction of the wood material with 
boiling methylated spirit ( repeated 3 times ) 
brought the adinin into solution. The 
semi-solid residue after the removal of 
solvent was washed with hot water, and 
dissolved in acetic acid in which adinin is 
sparingly soluble. Other coloured impurities 
were eliminated by washing with petroleum 
ether. Precipitation from absolute alcoholic 
solution by the addition of a large quantity 
of ether gave adinin as a pale-yellow solid 
which melts sharply at 235°C. Analysis 
gave the formula CiaHt^Og ( mol. wt., by 
last’s method, 294). 

Adinin contains 1 methoxyl group as' 
determined by the micro-Zeisel method. 
Its methylether ( mol. wt. 328 ) has 2 
methoxyl groups showing the presence of 
hydroxyl group. It also gives a mono- 
acetyl derivative. Boiling the methylether 
with acetic anhydride and pyridine does 
not bring about any change showing that 
adinin does not contain any other alcoholic 
hydroxyl group. It does not contain a 
sugar residue. Nor-adinin does not show any 
colour change in alkaline buffer solutions. 
The colour reactions in general seem to 


indicate that adinin does not belong to the 
flavone group. 

Adinin readily forms a dinitrophenyl 
hydrazone on heating with a solution of 
1 : 4 dinitrophenyl-hydrazine in hydrochloric 
acid. The ease with which this derivative 
can be prepared shows the existence of 
ketonic carbonyl group. 

Out of the 6 oxygen atoms in the adinin 
molecule, 1 is present as a methoxyl, 
another as a phenolic hydroxyl and the 
third as a carbonyl group. The nature 
and function of the other oxygen atoms is 
not yet clear. Fission of adinin methyl- 
ether with 8 per cent absolute alcoholic 
potash and oxidation with neutral per- 
manganate in acetone medium yielded 
veratric acid. This shows that the hydroxyl 
and methoxyl groups in the adinin molecule 
are present in ortho positions to each other 
in one benzene ring and this is possibly part 
of ketonic structure like 

r \ — OMct 

C\H,0, CO—/ OH 

The location of the phenolic hydroxyl 
pata to the carbonyl may account for the 
appreciable solubility of the compound in 
sodium carbonate. 

Further work is under progress. The 
author's thanks are due to Prof. T. . R. 
Seshadri of the Andhra University for 
suggesting the work and for his valuable 
guidance. 

N. Pkabhakara Rao 

Andhra University 
Waltair 

June 30, 1948 
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A Note on the Chemistry of Solanum torvum 


G. V. KRISHNAMURTI & T. R. SESHADRl 

Deparimeni of Chemistry, Andhra University, Waltair 


OLANUM torvum is a tomentose 
shrub growing throughout South India. 
It bears white flowers and round fruits 
that are bitter. They are eaten as 
a vegetable and are considered to be of 
medicinal value particularly for the enlarge- 
ment of liver and spleen for which no proper 
specifics seem to be known ^ Dry torvum 
fruits are readily available in commercial 
quantities. Fruits of other Solanum species 
have been recently examined and new 
alkaloids discovered^. 

The chloroform extract of the dried drug 
powder yields about 1*7 per cent of oily 
matter from which a crystalline solid 
melting at 248''-249°C. ( decomp. ) separates 
out in a very small quantity. It exhibits all 
the properties of a sterol glycoside, forms an 
acetate melting at 165°'166X, and on hydro- 
lysis yields glucose and a sterol melting at 
134°-135°C. The acetate of the aglucone melts 
at 128°-129X. These agree with the data 
given by Jantzen and Gohdes® for sitosterol- 
rf-glucoside and the aglucone sitosterol. It 
may be recalled here that Syed and Kanga^ 
reported the isolation of a substance melting 
at 248X. from the fruit of 5. xanthocarpum. 
Though they considered it to be a sterol 
and named it carpesterol, its solubility, 
high melting point and large content of 
oxygen would suggest that it is also in all 
probability a sterolin. The remaining fixed 
oil resembles closely in its characteristics 
similar oils obtained from S, xanthocarpum 
and S. nigrum. 

The fat-free residue on extraction with 
alcohol yields an alkaloid which has been 
purified and examined. It melts at 275°- 
276°C. and gives characteristic reactions of 
the members of the Solanum group. On 
hydrolysis it yields an aglycone which is 


identified as solasodinc, along with glucose, 
rhamnose and galactose. The original glyco- 
alkaloid should, therefore, be solasonine"*. 
The identity has been established by com- 
parison with a sample of glycoalkaloid 
isolated from S. xanthocarpum^ and also 
with its products of hydrolysis. The yield 
of solasonine is about OT per cent and the 
torvum fruit is, therefore, a comparatively 
poor source of the alkaloid. But this drug 
can more easily be obtained from S. xantho- 
carpum. The claim recorded by Kirtikar 
and Basu that 5. torvum can relieve enlarge- 
ment of liver is noteworthy. A similar 
statement has been made by Nadkarni^ 
with regard to 5. xanthocarpum. This 
property may, therefore, be mainly due to 
the glycoalkaloid solasonine. No detailed 
physiological experiment on this point 
seems to have been done so far. 

Experimental 

Dried fruits of Solanum torvum were 
coarsely powdered. The powder ( 100 gm. ) 
\vas successively extracted in a soxhlet with 
petroleum ether, chloroform, alcohol and 
water using 6 hours’ of extraction for each 
solvent. Details of the various fractions 
are given below. 


Solvent 

Yield of 

EXTRACT 

Nature of the froihct 

Petroleum ether 

1-.") 

Dark brown viscous liquid with 
aromatic odour. Mainly 

hxed oil with a little wax 

Chloroform 

0-3 

Brownish yellow waxy matter, 
bitter to taste 

Alcohol 

10- 2 

Brown and resinous. Very 
bitter. Mostly bitter mate- 
rial with some inorganic 
matter 

Water 

70 

Reddish bn>wn and astringent 


to taste. Mostly inorganic 
material alonjf with tannin 
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Sterolin & Oil — The coarse powder ( 2-5 
kg. ) was extracted with chloroform thrice 
in the cold using 48 hr. for each extraction. 
The major bulk of the solvent was recovered 
by ordinary distillation and the last portion 
removed under reduced pressure. The resi- 
due ( 42*0 gm. ) was viscous in consistency 
and dark brown in colour with a character- 
istic aromatic odour. On cooling and 
allowing it to stand for an hour, a crystalline 
solid separated out. It was filtered and 
washed with benzene. It crystallized from 
chloroform-alcohol mixture as shining rectan- 
gular plates and prisms melting at 248°-249°C. 
Yield, 0-1 gm; 

The filtrate ( 80 c.c. ) was treated with more 
benzene ( 40 c.c. ) and the solution heated 
in a water bath with animal charcoal and 
filtered. The clear yellow liquid was dis- 
tilled to recover most of the solvent, the last 
traces being removed under reduced pressure. 
The oil thus obtained was greenish yellow 
when viewed in thick layers, and bright 
yellow when viewed in thin layers. Yield, 
40-0 gm. 

The crystalline solid melting at 248®- 
249T. was sparingly soluble in chloroform, 
moderately in alcohol and insoluble in 
ether. It was tasteless and responded to 
Molisch test for carbohydrates and to 
Libermann-Burchard reaction for sterols. 
Hence it was a sterolin. On acetylation 
with acetic anhydride and a few drops of 
pyridine ana crystallizing the product from 
absolute alcohol, the acetyl derivative was 
obtained in the form of colourless, shining 
needles melting at 165®-166°C. When the 
sterolin was hydrolysed with aqueous alco- 
holic sulphuric acid and the aglucone 
( sterol ) crystallized from alcohol, it was 
obtained as colourless, shining, rectangular 
plates melting at 134®-13S®C. The acetate 
of the aglucone melted at 127°-128®C. The 
acid filtrate containing the sugar was 
neutralized with barium carbonate, filtered 
and the filtrate concentrated to small bulk. 
The syrup yielded glucosazone on treatment 
with excess of phenyl hydrazine reagent 
( cf. Jantzen and Gohdes® for sitosteroW- 
glucoside ). 

The oil obtained was an yellow, viscous 
liquid with a fine aromatic odour and 
burning with a smoky flame. It did not 
solidify on cooling even up to — 5°C. but 
only became thick. The following are the 
pr 9 perties of the oil : ^cid numter, 10*4 ; 
saponification number, 183*5 ; Hehner num- 
ber, 90*8 ; unsaponifiable matter, 2*3 per 


cent ; iodine number, 113*5 ; mean mol. wt. 
of fatty acids, 298*6. There is close agree- 
ment between this oil and those obtained 
from S. xanthocarpum^ and S. nigrum^. 

Glycoalkaloid — The defatted fruit was 
then extracted with cold alcohol thrice 
using 2 days for each extraction. The 
combined alcoholic extract was distilled to 
recover most of the solvent, the last portions 
being removed by evaporation on a water 
bath. The brown residue was extracted 
with warm water containing a little acetic 
acid ( 250 c.c. ). The aqueous extract was 
cooled and shaken with ether to remove 
waxy and oily impurities. The clear aqueous 
solution was brought to boiling and dilute 
ammonia added when a granular dark- 
yellow solid separated out. It was allowed 
to settle and the supernatant liquid decanted. 
The precipitate was dissolved in dilute 
acetic acid ( 5 per cent ) and reprecipitated 
by ammonia. The process was repeated 
twice. Finally it was crystallized from 
ethyl alcohol ( 60 per cent ) first and then 
from methyl alcohol when it separated as 
long, shining needles melting at 275®-276®C. 
Yield, 2*0 gm. 

It had a marked bitter taste. It was 
soluble in chloroform, alcohol and water 
and insoluble in ether, benzene and petro- 
leum ether. It contained nitrogen and 
gave a precipitate with Mayers reagent. 
It dissolved in strong sulphuric acid forming 
an yellow solution changing to orange-red 
and finally brown. It gave mild frothing 
with water and a positive test for carbo- 
hydrates. The glycoalkaloid was hydro- 
lysed with sulphuric acid ( 7 per cent ) and 
filtered. The filtrate was examined for 
sugars and the presence of glucose and 
rhamnose was established by the prepara- 
tion of their osazones and that of galactose 
by conversion into mucic acid. The preci- 
pitate of aglycone salt was washed free of 
acid, crystallized from alcohol and boiled 
with dilute ammonia to liberate the free 
base. The mixture was filtered hot and the 
precipitate was washed and crystallized 
from alcohol when it came out as shining, 
star-shaped, white plates melting at 200®- 
202®C. (found : C, 75-3 ; H, 10-7; 

HgO requires C, 75*2; H, 104 per cent). 
The aglycone was insoluble in petroleum 
ether cold ether and soluble in hot 
ether, chloroform and alcohol. It dissolved 
in * strong sulphuric acid forming a red 
solution, turning brown on keepirig. When 
an alcoholic solution of the substance was 



June 1949] 


POTASSIUM CHROMATE AS A DELEADING AGENT 


99 


treated with sulphuric acid, green fluores- 
cence characteristic of solasodine was pro- 
duced. Further it gave a series of colour 
reactions with anisaldehyde and acetic- 
sulphuric acid. The acetyl derivative of the 
aglycone was obtained in the form of narrow 
plates melting at 195®-196X. On refluxing 
with methyl iodide and crystallizing the 
separated solid, the aglycone formed a 
hydroiodide melting at 283°-284X. ( found : 
C, 59-9; H, 8*2 ; C 27 H 43 O 2 N, HI requires 
C, 59*9; H, 8*1 per cent). It also formed 
“ azo-solasodine " melting at 260''-261X. and 
a picrate melting at 144‘"-145X. 

Summary 

The dried fruit of 5. torvum has been 
examined in detail. The chloroform extract 
yields a small amount of a sterolin ( sitos- 
terol-i/-glucoside ) and 1 *7 per cent of a 
fatty oil w'hich resembles closely similar 
oil obtained from 5. xanthocarpum and 


S. nigrum. Subsequent alcoholic extract 
gives an yield of 0-1 per cent of a glycoalka- 
loid which could be identified as solasonine 
by a detailed study of its properties and 
reactions and of the products of hydrolysis. 
The identification has been confirmed by 
direct comparison of the glycoalkaloid and 
its hydrolytic products with those obtained 
from 5. xanthocarpum. 
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Potassium Chromate as a Deleading Agent 
for the Determination of Clerget’s Sucrose 


S. V. KAMANAIAH & C. NARASINGARAO 

Sugar Laboratory, Vuyyur Sugar Factory, Vuyyur & Laboratory 
of the Imperial Agricultural Chemist, New Delhi 


T he method of double polarization 
for the determination of sucrose 
was first suggested by Biot ; ac- 
cording to Brown^ this method w^as 
further developed by Clerget, who specified 
the length of the observation tube and 
the temperature at which polarization 
readings are to be taken. Much literature 
has since accumulated indicating the 
complexity of this determination ; new 
modifications have been suggested, and the 
influence of optically active bodies and of 
reversion and condensation products, either 
present in the sugarcane or formed during 
the decomposition of fructose and other 
unstable bodies has been examined. 

Among the more important modifications 
of determining Clerget 's sucrose, mention may 
be made of deleading with (a) anhydrous 


sodium carbonate ; (b) potassium oxalate ; 
and (c) sodium phosphate. Noel Deerr-^ 
developed the neutral polarization me- 
thod employing equivalent quantities of 
barium hydroxide, aluminium sulphate and 
sulphuric acid. Based on similar consi- 
derations, and keeping in view the influence 
of the acid on invert polarization, Jackson 
and Gillis*, in their method IV, proposed 
the addition of sodium chloride solution 
( a neutral salt ) to the direct polarization 
liquid. The International Committee on 
Uniform Methods of Sugar Analysis tenta- 
tively recommended Jackson-Gillis’ method 
IV as the standard for adoption. 

Zerban^ re-examined the question of 
double polarization of sugar products and 
found that Jackson-Gillis’ method IV gives 
correct values only with pure sugars, either 
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alone or in the presence of reducing sugars, 
and that the method fails when amides, 
amino acids and reversion and conden- 
sation products were present, the only 
reliable method in such cases being yeast 
inversion. 

In view of the importance of sucrose 
determination to the sugar industry, the 
method of determining Clerget’s sucrose 
was re-examined from the stand-point 
of complications introduced by lead and 
deleading agents on polarization. A new and 
simple method of deleading with potassium 
chromate, excess of which can be exactly 
controlled by using silver nitrate solution 
as an external indicator, has been devised 
and tested. 

Sucrose is calculated from the general 
equation,* 

m{D-I) 

s = 

143 - 2 ~ 0-0676 )-| 

employing half normal solutions, and 
Clerget’s constants were obtained by refer- 
ence to Table 15 of Methods of Chemical 
Control, Haxmiian Sugar Technologist's As- 
sociation 1931 ( p. 130). For sucrose esti- 
mation by yeast inversion, 10 c.c. of 5 per 
cent B.D.H, yeast solution preserved with 
toluene were used. 

Experimental 

Influence Deleading Agents on the 
Polarization of Sugar Solutions — The use of 
anhydrous sodium carbonate, sodium 
phosphate and potassium oxalate for de- 
leading sugar solutions prior to direct 
polarization and inversion is a common 
practice. Incomplete deleading leads to 
the precipitation of lead as lead chloride 
in the inversion flask and introduces a 
precipitate error. To avoid this, complete 
deleading is essential, and an excess of 
deleading agent is usually present in sugar 
solutions, as there is no simple means for 
the precise control of deleading. The 
presence of deleading agents interferes with 
direct polarization, as may be seen from 
Table 1. 

It will be seen that excess of deleading 
agents introduces errors in the results. The 


* 5 stands for sucrose percentage ( Clerget ) ; 
D, direct polarization reading ; I, invert polariza- 
tion reading ; T. temperature of invert solution 
in centigrade ; m, normal weight pf sugar product, 
26^ gm. in 100 gm. of solution. In all the cal- 
culations half normal weights are taken so that 
0*0676 ( m — 1^ ) cancels itselL 


TABLE I 


50 C.C. of suzar solution + dekading agent in S different 
quantities, viz. 0*5 gm., 1*5 em. and 2*5 gm . ; solution made up 
‘to 100 C.C. and polarized. Figures indicate direct polarization 
readings 


Delkadinc agent 


Polarization readings 


1. 15% sugar solution -I- 
0-5% glucose by vol. 

Sod. phosphate 
Pot. oxalate 
Sod. carbonate 

2. 15% sugar solution 
10% glucose by vol. + 

Sod. phosphate 
Pot. oxalate 
Sod. carbonate 


Plank 

0*5 

gni. 

1*5 

gm. 

2 5 
gm. 

28 5 

28-7 

28*2 

28*9 

28-5 

28*8 

29*7 

28*0 

28-5 

26*7 

27*0 

26*2 

29*5 

29*8 

29*2 

29*0 

29*5 

29*3 

30*5 

29*9 

29*5 

30*5 

30*2 

30*1 


TABLE II — CLARIFICATION WITH DRY POWDERED 
ALUMINIUM HYDROXIDE 
( Vol. of solution 50 c.c. ) 


Solution 

Direct 

Invert 

Clerget’s 


POL. 

POL. 

SUCROSE 

5 gm. sucrose 

9 • 9 Clarified 



with al. 
hydroxide 





9*9 Unclarified 



6 gm. sucrose -f 

10 3 Clarified 

14 

9-28 

0*25 gm. glucose 4- 

with al. 



0.25 gm, fructose 

hydroxide 
10*3 Unclarified 

14 

9*28 

5 gm. sucrose 4 - 

9*3 Clarified 

1*4 

8*43 

0*25 ^m. of aspara- 

with al. 



tic acid 4-0 *5 gm.of 
asparagin 

hydroxide 
9*3 Un clarified 

14 

8*43 


usefulness of a new deleading agent, viz. 
potassium chromate, was investigated as 
its adoption lends itself to exact control. 
The results obtained by the use of potas- 
sium chromate have been compared with 
those obtained by Jackson-Gillis' method 
and by using dry powdered aluminium 
hydroxide as clarifying agent. That the 
use of aluminium hydroxide does not 
introduce any errors while working with 
pure substances has been repeatedly con- 
firmed. Table II gives one set of such 
results. From the table it can be seen 
that the values obtained for direct and 
invert polarimetric readings and Clerget 's 
sucrose are exactly identical where the solu- 
tions are clarified with dry powdered alu- 
minium hydroxide and where no clarifier is 
employed. Sugar solutions containing differ- 
ent quantities of glucose and water-soluble 
ash from molasses were prepared, and the 
sucrose determined by Jackson-Gillis ’method. 
The results obtained are given in Table III. 

It will be seen from the table that the 
results obtained by deleading with potas- 
sium chromate correspond to the values ob- 
tained by aluminium hydroxide clarification, 
indicating that for a wide variation in 
the concentration of glucose and ash, 
deleading with chromate gives satisfactory 
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TABLE 111 

Sugar Sucrosk determined 


auLruiiupi r 



Al. 

Pot. 

Sod. 

Pot. 

Sod. 


hydro- 

chro- 

phos- 

oxa- 

carbo- 


xide 

mate 

phate 

late 

nate 

20% sucrose 
solution + i% 
glucose by vol. 

18-45 

18-45 

18 52 

18-52 

18 57 

20% sucrose 
solution -f i% 
ash by vol. 

18-ttl 

18-61 

18-01 

18-01 

18 42 

20% sucrose 
solution -f 1% 
glucose by vol. 

11) -in 

18-05 

18 110 

18-60 

18-57 

20% sucrose 
solution 4- 1*^0 
ash by vol. 

18-51 

18 51 

18-08 

18-08 

18-21 

20% sucrose 
solution + 2% 
glucose by vol. 

11) -04 

11) 04 

18-73 

18-73 

18-57 

20% sucrose 
solution -f 2% 
ash by vol. 

17-87 

17-80 

17-48 

17 48 

17-70 

20% sucrose 
solution + 3% 
glucose by vol. 

18-57 

18-57 

17-81) 

17 08 

18 1.3 

20%sucrose 
solution -1~ 3% 
ash by vol. 

18-35 

18-27 

18-0 

18-0 

17 06 


TABLE IV — DIRECT POLARIZATION OF SOLUTIONS 
AFTER DELEADING WITH DIFFERENT 
DELEADING AGENTS 


Horne’s dry 

.\l. 

Sod. 

PoT. 

Pot. 

Sod. 

lead added 

HYDRO- 

PHOS- 

CHRO- 

OXA- 

CARBO- 

TO 100 c.c. 

XIDE 

PHATE 

MATE 

LATE 

NATE 

J. 10% swcfost- 4 






0’lo% glucose 
solution by vol. 






0 -63 gni. 

38-8 

30 • 0 

38 7 

38-0 

38-6 

1-25 ,. 

38-8 

30-0 

38-7 

38-5 

38-6 

1-88 „ 

2. 10% SMCfOS^-f- 

38-8 

30-0 

38-8 

38-3 

38-3 

1% glucose solu- 
tion by vol. 






0-63 gin. 

41-2 

41 3 

41-2 

41 2 

41 1 

1-25 „ 

41-2 

41 1 

41-2 

41-0 

41 1 

1-88 

41-2 

41 1 

41 3 

41 0 

41 0 

3. 10% sucrose 






2-0% glucose 
solution by vol. 






0-63 gm. 

44-1 

43 3 

44 1 

43-7 

43 6 

1 25 

44-1 

43-0 

44-1 

43-8 

43-0 

1-88 „ 

44-1 

43 1 

44 1 

43 7 

42-2 


and aluminium hydroxide clarification closely 
agree. 

Effect of Amides & Amino Acids — Though 
present in small quantities, asparagine and 
asparatic acid are known to influence the 
values for sucrose as determined by Clerget’s 
procedure. The amino compounds are 
completely removed by deleading with 
potassium chromate, while they are un- 
affected when other deleading agents are 
employed ( Table VI ). 

It is clear that the use of potassium 
chromate eliminates the errors following 
the use of sodium phosphate, poiassium 
oxalate and sodium carbonate in deleading 
sugar solutions containing glucose, fructose, 
amides and amino acids and ash-forming 
materials. The method has been further 
compared with Jackson-Gillis’ method IV 
for the analysis of cane juices. The com- 
parative data are presented in Table \TI. 


TABLE V 


SoLiTios Clerget’s sucrose % 



Al. 

Pot. 

Sod. 

Pot. 

Sod. 


hydro- 

chro- 

phos- 

oxa- 

earbo- 


xide 

mate 

phate 

late 

nate 

10 gm. sucrose -! 
0-5 gm. fructose 
in 100 c.c. solu- 
tion 

9-41 

9-34 

8-6 

9-0 

9-0 

10 gm. sucrose 

1 - 0 gm. fructose 
in 100 c.c. solu- 
tion 

9-8 

9-8 

9 8 

9 5 

9 3 


TABLE VI — EFFECT OF AMINO ACIDS 

60 c.c. sucrose solution, 10 c.c. 0'2.t% asparagine or 10 c.c. 
10% asparatic acid or 10 c.c. each of both treated with lead, de- 
leaded and made up to 100 c.c. atui polarized. 


results. Further, while the actual variation 
in the final values recorded in Table III 
appears small, the variation in readings of 
direct polarization are considerable. This 
will be clear from the readings in Table IV. 

Deleading with potassium chromate 
using test solutions containing different 
concentrations of glucose and excess of 
lead does not introduce any errors in direct 
polarization while the use of other deleading 
agents leads to errors, especially as the 
concentration of glucose increases. 

Even though fructose as such is not 
known to exist except in products from 
Unripe sugarcane, experimental solutions 
containing fructose were prepared and the 
effect of deleading agents studied. The 
results ( Table,,, V ) indicate that sucrose 
values obtained with potassium chromate 


Deleadinc agent Polarization readings 




Control 

Experimental 

1. 

15% sucrose solution -f 10 c.c. 
0-25% asparatic acid by vol. 




Pot. chromate 

28 7 

28-7 


Sod. phosphate 

28-7 

28-4 


Pot. oxalate 

28-7 

28-4 


Sod. carbonate 

28-7 

26-1 


16% sucrose solution -f 10 c.c. 

1 % asparagine by vol. 

Pot. chromate 

28-5 

28-5 


Sod. phosphate 

28-5 

28-0 


Pot. oxalate 

28-5 

28-1 


Sod. carbonate 

28-5 

28-0 

3. 

20% sucrose solution -f 0-25®o 
fructose -f 1-75% glucose 1 *>0 




asparagine by vol. 




Pot. chromate 

.38-8 

38-8 


Sod. phosphate 

38-8 

38-4 


Pot. oxalate 

38-8 

38-5 


Sod. carbonate 

38-8 

37-8 

4. 

20% sucrose solution -f 0 ■ 25 % 
fruciose + l- 75% glucose -f- 10 c.c. 
0-25% asparatic acid 




Pot. chromate 

38-0 

38-0 


Sod. phosphate 

38-0 

38-6 


Pot. oxalate 

38-0 

38 7 


Sod. carbonate 

38-0 

38-7 
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It is seen from the above that Jackson- 
Gillis' method and chromate deleading follow- 
ed by acid or yeast inversion give closely 
agreeing results both for raw and clarified 
juices taken from factory samples. 

Determination of added Sucrose in Molasses 
& V inasses — The application of this method 
has been extended to the estimation of 
added sucrose to molasses and vinasses. 
The results obtained are shown in Tables 
VTIIA, VIIIB, IXA and IXB. 



TABLE 

VII 



ClERGET’S SlJCROSE% 


Jackson- 

Pot. 

Pot. 


Gillis’ 

chromate, 

chromate, 


method 

yeast 

acid 



inversion 

inversion 

1. Raw juice 

12 42 

12-48 

12-30 

Clarified juice 

1401 

14-72 

14 -.54 

2. Raw juice 

10-23 

10-35 

10-84 

Clarified juice 

32-7.f> 

12-79 

12-78 

3. Raw juice 

11-60 

11-76 

11-74 

Clarified Juice 

13 90 

13 94 

13 94 


TABLE VIIIA — ESTIMATION OF SUCROSE ADDED 
TO EXHAUSTED MOLASSES 

Acid inversion 


Method of 

Sugar 

Sugar 

Variation 

dcleading 

added 

recovered 


Jackson-Gillis 

7-63 

4-21 

-3-42 


11-44 

10-98 

-0 15 


15-24 

17-03 

1-79 


19 06 

16-28 

-2-78 

Pot. chromate 

7-63 

7-83 

-0-20 


11-44 

11-9 

+ 0-46 


15-24 

15-03 

-0-21 


19-06 

19-03 

-0-03 

Pot. oxalate 

7-63 

9 52 

+ 1-91 


11-44 

9-4 

-2-02 


15-24 

12-56 

--2-68 


19-06 

18-11 

-0-95 

Sod. carbonate 

7-63 

4-11 

-8 52 


11-44 

11-9 

H O 46 


15 24 

12 56 

-2-68 


19-06 

15-66 

-3-4 

Sod. phosphate 

7-63 

7 21 

-0-42 


11-44 

10-05 

-1-39 


15-24 

17-04 

+ 1-8 


19-06 

19 52 

0-46 


TABLE VIIIB — ESTIMATION OF SUCROSE ADDED 
TO EXHAUSTED MOLASSES 

Yeast inversion 


Method of 

Sugar 

added 

Sugar 

Variation 

analysis 

recovered 


Pot. chromate, 

3-8 

3-78 

-0-02 

acid inversion 


7-03 

7-04 

+0-01 


15 11 

15-01 

-0-1 

Pot. chromate, 

3-8 

3-81 

+0-01 

yeast inversion 


7-08 

7-75 

+0-21 


15-11 

15-00 

-0-11 

Herzfeld-ycaiit 

3-8 

4-4 

+0-6 

inversion 

7-63 

' 7-77 

+0-14 


15-11 

15*01 

-O-l 


TABLE IXA — ESTIMATION 

OF SUCROSE ADDED 

TO DISTILLERY 

VINASSES BY DIFFERENT 

METHODS OF ANALYSIS 


Method 

Sugar 

Sugar 

Variation 


ADDED 

recovered 


1. Sod. phosphate, 

15 26 

18-07 

+ 3-81 

acid inversion 





19 12 

16-56 

~2 56 


22-93 

21-82 

-1-11 

2. Pot. oxalate, acid 

15-26 

13 -.59 

-107 

inversion 





19 12 

20 22 

+ 1-10 


22-93 

22-29 

-0 03 

3. Sod. carbonate. 

15-26 

14-00 

-1-20 

acid inversion 





19-12 

21-16 

+ 2-04 


22-93 

24-03 

+ 1-10 

4. Sod. carbonate, 

15 20 

1 5 • 35 

+ 0 09 

veast inversion 





19-12 

19-11 

-001 


22-93 

22-79 

-014 

5. Pot. chromate, 

15 26 

15-36 

+ 0 10 

acid inversion 





1912 

19 11 

-001 


22-93 

22-79 

-014 

6. Pot. chromate, 

15-26 

15 -.36 

t 010 

yeast inversion 





19-12 

19-14 

+ 0 02 


22-93 

22 • 79 

-0-14 

7. Jackson-Gillis 

15-26 

16-76 

+ 1-52 


19-12 

20-54 

+ 1-42 


22 93 

25-07 

+ 2-14 


TABLE IXB — ESTIMATION OF SUCROSE ADDED TO 
DISTILLERY VINASSES IN THE PRESENCE OF 
AMINO COMPOUNDS 


10 gw, asparagine and 0-22 gw. asparatic acid in 100 c.c. 
solution 


Method 

Sugar 

Sugar 

Variation 

1. Sod. phosphate. 

added 

15-26 

recovered 

16-92 

+ 1 • fW 

acid inversion 

1912 

18-28 

-0-84 


22-93 

23-63 

i 0 70 

2. Pot. oxalate, acid 

15-26 

14 21 

-1-05 

inversion 


1912 

1 6 • 69 

-2-43 


22-93 

24 1 1 

fll8 

3. S©d. carbonate, 

15-26 

16-74 

+ 1-48 

acid inversion 


19 12 

17-79 

- 1 33 


22-93 

21-39 

-1-54 

4. Sod. carbonate, 

15-26 

15-48 

-1 0-22 

yeast inversion 


19 12 

19-06 

-0 06 


22-93 

22 • 70 

-0 23 

6. Pot. chromate. 

15-26 

15-32 

+ 0-06 

acid inversion 


19 12 

19 10 

-0-02 


22-93 

22-70 

-0-23 

6. Pot. chromate. 

15-26 

15-32 

+ 0-06 

yeast inversion 


19-12 

19-10 

-0-02 


22-93 

22-70 

-0-23 

7. Jackson-Gillis 

15-26 

17-71 

+ 2-45 


19-12 

19-87 

+0-75 


22-93 

22-08 

-0-85 


According to Saillard®, the suitability 
of a method for sucrose estimation can be 
assessed by studying the effects of pre- 
existing salts and nitrogenous bodies in 
molasses OU/ the polarization of sucrose. 
For this purpose, distillery vinasses con- 
taining these non-sugars but little or no 
sugar was taken, known quantities of sugar 
added and the solution analysed for Clerget’s 
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sucrose by different methods. In Table 
IXA are given the results obtained by ap- 
plying the chromate method. In Table IXB 
are given the results obtained when the 
methods are applied to determine sucrose 
added to vinasses, asparagine and asparatic 
acid being also added. 

The results indicate that Jackson-Gillis’ 
method gives results which depart from 
the true values, while the chromate-yeast, 
chromate-acid and Herzfeld-yeast inversion 
methods give correct values for sucrose 
within permissible limits of Experimental 
error. 

The above studies show that delead- 
ing with potassium chromate provides a 


satisfactory means of eliminating the errors 
due to the presence of ash constituents, 
amides and amino acids normally present 
in molasses and distillery vinasses. 

The authors record their thanks to Dr. B. 
Viswanath for suggesting this investigation. 
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Some Properties of Acidic Oxycellulose 


K. S. BHUJANG & G. M. NABAR 

Department of Chemical Technology ^ University of Bombay 


C ELLULOSE when oxidized gives rise 
to degradation products of varying 
properties^ It is believed that the 
oxidizing agents convert the hydroxyl 
groups in the cellulose molecule either 
to the aldehydic or to the carboxylic acid 
stage or to a mixture of both. The products 
of oxidative degradation, therefore, are 
generally more acidic in character and also 
possess more reducing power than the 
original cellulose. The high affinity of 
oxycelluloses for basic dyes or for metal 
ions has been attributed to the presence 
of carboxylic acid groups. A qualitative 
method of estimating the extent of carboxylic 
acid groups formed in oxycelluloses depends 
on the measurement of the absorption of 
methylene blue by the sample*. Recently, 
a number of methods for the direct estimation 
of carboxylic acid groups in cellulose have 
been suggested**. Of these methods, 
the one of Neale and Stringfellow* appears 
to be more convenient and easy to work. 
Since high methylene blue absorption is 
accompanied by high carboxylic acid content, 


it is considered that the two quantities bear 
a relationship as indicated by 

RCOOH+MB^;;z"R coo 

where -COOH represents the carboxyl group 
of .the cellulose material and MB represents 
the methylene blue ion in the dye solution. 
The present investigation was undertaken 
with a view to see to what extent these 
two quantities were related to one another. 

In a recent communication, David.son’ 
has stressed the importance of the methylene 
blue absorption in determining the carboxylic 
acid content of oxycelluloses. After a syste- 
matic study of the effect of various 
conditions such as the pW of the methylene 
blue solution, the influence of various ions 
present, etc., he has come to the conclusion 
that the methylene blue absorption values 
give a direct measure of the carboxylic 
acid content, provided the measurement is 
carried out under strictly controlled condi- 
tions. His results show that the value of 
carboxylic acid groups as estimated by the 
methylene blue absorption are lower than 
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those obtained by the alkali titration 
method®, the divergence between the two 
being more marked for oxycelluloses having 
higher reducing properties. The preseilt 
investigation was undertaken independently 
of the one referred to above and the results 
set out in the following indicate a good 
amount of agreement with the conclusions 
arrived at by Davidson’. 

Oxycellulose samples were prepared using 
different oxidizing agents such as sodium 
hypochlorite, potassium permanganate, 
potassium dichromate, sodium hypobromite, 
hydrogen peroxide, nitrogen dioxide, etc. 
The oxidation experiments were carried out 
under different: conditions such as the 
concentration of the active oxidant, the 
hydrogen ion concentration, the time of 
treatment of the material with the oxidizing 
agent and oxygen consumption. Other 
samples such as those prepared by the 
action of heat and light were also exarnined. 
The absorption of methylene blue by these 
oxycellulose samples was carried out by the 
method developed by the B.C.I.R.A.^ and 
the amount of carboxylic acid was estimated 
by the method of Neale and Stringfellow®. 
As a result of these investigations the 
following conclusions have been arrived 
at : (a) the methylene blue absorption values 
and the carboxylic acid values do not bear 
any direct relationship with one another. 
However, they appear to depend on one 
another ; (bf the variation in the ratio 
between these two quantities is more marked 
for oxycellulose samples having higher re- 
ducing property ; and (c) the methylene blue 
absorption values are considerably affected 
by the ratio of the amount of cotton to the 
methylene blue solution and the concen- 
tration of the latter. 

Experimental 

The cotton used for the preparation of 
oxycellulose samples was 14's single yarn 
manufactured from Indian cotton. The 
yarn was freed from impurities by the 
following treatment : 

The yarn was steeped in water overnight 
and after squeezing was boiled under pressure 
( 20 Ib./sq. in. ) for 4 hr. using 2 per cent 
caustic soda and 0*25 per cent Lissapol C on 
the weight of the material. At the end of 
the boil the material was washed and the 
boiling treatment was repeated. The boiled 
yarp was washed free frqm alkali and then 
y treated for 1 hr. with a freshly prepared 
bleaching powder solution containing 0*5 gm. 


of available chlorine per litre. The yarn 
was washed free from chlorine and then 
scoured in 0*25 per cent hydrochloric acid 
solution. It was finally washed free from 
acid, dried and carefully stored. 

Preparation of Oxycellulose Samples 

Hypochlorite Samples — Purified cotton in 
the form of hanks was immersed in sodium 
hypochlorite solution of approximately 
3 gm. available chlorine per litre with 
a material liquor ratio 1 : 20. The pH 
of the solution was varied using suitable 
buffer mixtures. 

The treatment was carried out at 30X. 
with solutions having different pH. In 
one set of experiments the time of treatment 
was kept constant ; in another set, the 
oxidation was carried out in order to obtain 
approximately the same oxygen consumption. 
Influence of the variation of the strength 
of active chlorine was also examined. The 
active strength of the hypochlorite solution 
used for the experiments was estimated 
iodimetrically. 

Permanganate Samples — Cotton hanks 
were treated with 0*04N potassium |>erman- 
ganate solution with a material liquor ratio 
1:20 at different />H values for such period 
as to get the same oxygen consumption and 
also for a constant period so as to vary the 
oxygen consumption. The active strength 
of permanganate was measured as described 
above. 

Hypobromite Samples — These samples were 
prepared exactly as described for hypochlo- 
rite using N/10 sodium hypobromite solution 
at different pH values. The sodium hypo- 
bromite solution was prepared by acidifying 
a mixture of potassium bromide and potas- 
sium bromate and neutralizing the same with 
caustic soda^ 

Acid Bichromate Samples — The samples 
were prepared as described above using 
dichromate in sulphuric acid for different 
strengths of dichromate and sulphuric acid. 

Nitrogen Peroxide Samples — The oxida- 
tion was carried out in a bottle (10 litre 
capacity). It was fitted with a ground- 
in stopper, carrying a glass hook from which 
the sample to be oxidized was suspended 
in the bottle. The bottle was first dried 
by blowing hot air. After cooling it was 
evacuated to IS'* vacuum. The evacuated 
bottle was filled with nitrogen peroxide. 

Hydrogen Peroxide Samples — The yarn 
was immersed in N/S hydrogen peroxide 
solution adjusted to different pH values. 
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The reaction flasks were kept in water bath 
maintained at 80°C. 

At the end of each oxidation treatment, 
the samples were removed from the reaction 
flask and freed from impurities by repeated 
washings with water. In the case of perman- 
ganate samples, the washed samples were 
treated with acidified sodium bisulphite 
solution so as to remove the deposited oxides 
of manganese, then washed thoroughly free 
from impurities. The dichromate samples, 
even after thorough washing, showed a 
bluish-green tint due to fixed chromium 
which could not be removed even after acid 
treatment. 

All the oxycellulose samples were then 
treated with dilute hydrochloric acid in 
order to free the carboxylic acid groups. 
They were then washed free from acid with 
distilled water, dried, conditioned and stored 
away from dust. 

Buffer System Employed^ — Mixtures of 
M/15 KH2PO4 and M/15 Na2HP04 for pH 
values from 5*2 to 8 ; mixtures of M/5 acetic 
acid and M/5 sodium acetate for /)H values 
from 4 to 5 ; M/5 acetic acid for pH 2-7 ; 
N/10 sulphuric acid for pH 1 ; M/20 borax 
for 9T0 ; mixture of M/20 borax and 
M/10 sodium carbonate for pH 10 ; M/10 
sodium carbonate solution for pH value 
of nearly 11 : M/100 sodium hydroxide for 
pH 12 and M^O sodium hydroxide for 
pH 13. 

Determination of Carboxyl Content in Cellu- 
lose by Alkali Titration Method^ — 1 gm. of 
the air-dried material ( allowing for hygros- 
copic moisture ) was weighed in a 250 c.c. 
stoppered conical pyrex flask and treated 
with 50 c.c. of N hydrochloric acid for half an 
hour. It was then washed with distilled 
water followed by washing with carbon 
dioxide-free distilled water until the wash 
waters were neutral to bromo-cresol purple 
(pH 5-2 to 6-8 ). The cotton was squeezed 
with a glass rod and 20 c.c. of pure sodium 
chloride solution ( 5 per cent ) was added. 
This was followed by an addition of 6 drops 
of bromo-cresol purple and 20 c.c. of N/50 
carbonate-free caustic soda solution and 
20 c.c. of carbon dioxide-free distilled water. 
Carbon dioxide-free air was then bubbled 
through the mixture for 10 min. and the 
flask stoppered. At the end of 1 hr., the 
contents of the flask were titrated against 
N/50 hydrochloric acid. A blank in absence 
of cotton was carried out* From the 
difference in the readings the amount of 
alkali consumed by the carboxyl groups 


of the cellulose material was calculated. 
Results are expressed as milli-equivalents 
of carboxyl groups per 100 gra. of cotton. 

Determination of Copper Number — The 
copper number determinations were carried 
out by the Schwalbe-Braidy method® as 
modified to use smaller quantities of cotton 
by Hayes'®. In place of N /25 permanganate, 
N/50 ceric sulphate was employed for 
titration of the ferrous iron formed, using 
or/Ao-ferrous-phenanthroline as internal 
indicator. As many of the samples had very 
high copper numbers, smaller quailtities of 
cotton instead of those recommended had 
to be used. 

Determination of Methylene Blue Absorp- 
tion — The methylene blue employed in the 
experiments was the pure crystalline sample 
which was prepared by crystallizing commer- 
cial methylene blue hydrochloride from ab- 
solute alcohol. Its strength was estimated by 
the following methods: (1) by titrating against 
titannous chloride ; (2) by determining the 
nitrogen and sulphur content ; (3) gravimetri- 
cally estimating its perchlorate'^ ; and (4) by 
titrating against standard Naphthol Yellow 
S solution. Naphthol Yellow S was purified 
by crystallizing it 3 times from aqueous 
alcohol and its purity estimated by deter- 
mining the nitrogen content. The methylene 
blue absorption was carried out according 
to the standard method as given by Birtwell, 
ClibbenS and Ridge^. It consists in treating 
2-5 gm. of cotton in 15 c.c. M/250 methylene 
blue solution for 18 hr. at constant tem- 
perature and quantitatively determining the 
absorption of methylene blue from the 
difference in the titration readings before 
and after absorption against standard Naph- 
thol Yellow S solution. As the pH of the 
methylene blue brings about variation in 
the absorption, the methylene blue solution 
was buffered at pH 7. It was found that 
using 15 c.c. of M/250 methylene blue 
solution for 2-5 gm. of cotton was not ade- 
quate for a number of oxycellulose samples 
under examination. Hence, the conditions 
of experiments were modified both by 
increasing the quantity of methylene blue 
solution and by decreasing the amount of 
cotton used for absorption. It was, however, 
found that by changing the ratio of the 
methylene blue solution to cotton, the 
methylene blue absorption values as obtained 
were found not comparable with one another. 
Hence, a study of the factors influencing the 
methylene blue absorption values was carried 
out using a fairly degraded cellulose sample. 
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In one set of experiments, 25 c.c. of M/2S0 
methylene blue solution was taken and the 
amount of the cotton was varied. In the 
second set, 0-5 gm. of cotton was taken in 
each case and the volume of M/250 solution 
was varied. In the third set, the volume 
was kept constant at 15 c.c. and the amount 
of cotton also kept constant at 0-5 gm. but 
the concentration of the methylene blue 
solution was varied. Finally, in the fourth 
set of experiments, a large excess of methy- 
lene blue solution over the quantity likely 
to be absorbed by cotton was taken and 
varying amounts of cotton were immersed 
in this solution. In order that the yarn 
should properly mix with the solution, the 



Fig. 1 — Relation between methylene blue 

ABSOBPTION AND — COOH CONTENT OF ACIDIC 
OXYCELLULOSE OBTAINED BY SOD. HYPOCHLORITE 
AXd POT. PERMANGANATE TREATMENTS. 


stoppered bottles containing the samples 
were tied to a cycle wheel which was kept 
rotating throughout the 18 hours at about 4 
revolutions per minute. Though the oxy- 
cellulose sample in all the above sets of 
experiments was the same, the methylene 
blue absorption values were different. This 
is clearly seen from Table I. 

Results 

The results of these investigations have 
been summarized in Tables I to VII and 
shown graphically in Figs. 1 and 2. Fig. 1 
represents the relation between methylene 
blue absorption and carboxylic acid content 
of oxycellulose obtained with sodium hypo- 
chlorite and potassium permanganate. Fig. 2 
represents similar relationship for oxycellu- 
lose samples obtained with sodium hypo- 
bromite, hydrogen peroxide, acid dichromate, 
heat and light and a few samples with 
permanganate solutions. 

In Table II are given results obtained 
with hypochlorite oxidized samples. From 
a close examination of the copper number 
and the corresponding ratio ( COOH/M.B. ) 
it is seen that the value of the ratio is very 
nearly unity for samples having copper 
numbers below T2. For copper numbers 



Fig. 2 — Relation between methylene blue 
ABSORPTION and —COOH CONTENT OF ACIDIC 
OXYCELLULOSES OBTAINED BY SOD. HYPOBROMITE, 
HYDROGEN PEROXIDE AND ACID DiCHROMATE 
TREATMENTS. 
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TABLE I 


Strength of 

Volume of 

Weight of 

Methylene 

METHYLENE 

METHYLENE 

O.XYCELLU- 

BLUE ABSOP- 

BLUE 

BLUE 

LOSE 

TION, M. MOLES 

SOLUTION 

SOLUTION 

SAMPLE 

PER 100 GM. 


C.C. 

GM. 

OF cellulose 

M/250 

25 

25 

0-5 

1 0 

«-72 

5 08 


25 

1 -5 

4-70 

,, 

25 

2 0 

3-7« 

M/250 

10 

0 5 

5 53 


15 

0-5 

tt 23 


20 

0-5 

««5 

,, 

25 

0-5 

0-72 

M/250 

15 

0-5 

ft 23 

M/300 

15 

0 ■ 5 ; 

5 • 58 

M/4(H» 

15 

0 5 

4 .39 

M/250 

00 

0 • 5 

17-24 

«0 

1 0 

15 32 


(M) 

1 ■ 5 

1.3 02 


above this figure, this ratio increases rapidly, 
e.g. for a copper number of 12 this ratio 
has increased to 5. As suggested by 
Davidson’, this increase in the ratio may 
be attributed to the interference caused 
by the reducing groups during the alkali 
titration. 

In Table III are given the results obtained 
with permanganate oxidized samples. The 
general remarks made above are equally 
applicable to the results recorded in this 
table. In view of the relatively low values 
of copper number of the various s.*mples, 
the ratio COOH/M.B. has not deviated from 
unity to the same extent as was found to be 
the case with hypochlorite samples. 


TABLE II HYPOCHLORITE TREATMENT OF BLEACHED COTTON YARN 


2 gni. of oxycellulofte in 15 c.c. of M 250 M.H. solution ; temp., .‘10 C. 


Treatment 

<)XV( KLLf’LOSE 

.Approximate 

Methylene 

Carboxyl 

Copper 

( OOH 


No. 

pH 

BLE’E 

asorption, 

M. MOLES 

PER 100 GM. 

OF cotton 

< ONTENT 

M. Ey. PER 

100 gm. 

OF ( OTTON 

No. 

M.H. 

\ (?m. of available Cl. per litre, 

1 

4 

1 -69 

1 • 

0 8ft 

0-98 

for 4 hr. 

2 

.5 

1 .ft8 

1 74 

1 -24 

104 


3 

ft 

1 * 7.5 

3-29 

2-81 

1 • .SO 


4 

7 

2 21 

7 23 

7 • 56 

3-26 


5 

8 

2 47 

ft • 68 

4 08 

2 70 


ti 

9 

1 80 

2-20 

0 • 80 

1 22 


7 

10 

l-9« 

2 «1 

0-84 

1 30 


8 

11 

2 00 

2 65 

0 • .38 

1 31 

1 ffiTi. of available Cl. per litre 

9 

4 

1 ftK 

2 (H 

1 ■ .54 

1 20 

for approximately same 

10 

' 5 

1 72 

2-20 

1 ' 1 2 

1 -28 

oxygen consumption/lOO 

11 

ft 

1 wft 

3 • 29 

2 74 

1 80 

gm. of cotton 

12 

7 

1 -80 

3 29 

2 70 

1 80 


13 

8 

2 07 

3 • 84 

2 03 

J 90 


14 


2 43 

4 30 

1 -76 

1 70 


1.5 

10 

2 08 

3-11 

1 (17 

1 ■ .50 


1ft 

11 

2 10 

2-75 

0 .33 

1 .30 

•or 4 hr. with 2, .3, 4, 5 gm. 

17 

8 

2 31 

5 ■ 67 

4 75 

2 .35 

available Cl. per litre 

18 

8 

2 70 

9 1.5 

7-88 

.3 • 38 

19 

8 

2 83 

1 1 • iX) 

8 74 

4 20 


2tl 

.8 

2 95 

14 82 

12 01 

.5 20 


TABLE III - PERMANGANATE TREATMENT OF BLEACHED COTTON YARN 


Nos. 21-30; 2-5 gm. of oxycellulose in 15 c.c. of M/250 M.B. solution 
Nos. 31-34 ; 0 5 gm. of oxycellulose in A//250 .\f.B. .solution; temp., 30'V;. 


Treatment Oxycellitlose 

.Approximate 

Methylene 

Carboxyl 

Copper 

COOH 


No. 

P» 

BLUE 

ABSORPTKJN, 

M. MOLES 

PER 100 GM. 

OF COTTON 

CONTENT 

M. EQ. 

PER KM) GM. 

OF COTTON 

No. 

m.hT 

0 04 N. pot. permanganate for 

21 

2-70 

1 08 

1-78 

0-.50 

1 -06 

2 hr. 

22 

490 

1 7« 

2-49 

0-92 

1 42 


23 

7-00 

1 «9 

2 05 

0-84 

1 29 


24 

9 15 

1 82 

2-40 

O' 78 

1 32 


25 

12-00 

2 29 

5 • 25 

0 7.5 

2 28 

0-04 N. pot. permanganate for 

2« 

2 70 

1 71 

2 14 

0 ■ Hft 

1 ‘24 

approx, oxygen consumption 

27 

4 90 

1-87 

2-89 

1 40 

1 55 

equivalent to | the strength 

28 

7 Of! 

1 93 

3-87 

1 • 57 

2 00 

of permanganate used 

29 

9 15 

2 07 

4 32 

1 39 

2 (M) 

0 08 N. pot. permanganate 

30 

12 00 

2 20 

5 07 

0-87 

2 5.3 

for 1 hr. 

31 

12 

5-80 

7 12 

1-.38 

1 23 

2 hr. 

32 

12 

6 64 

8-82 

1 5ft 

1 33 

3 hr. 

33 

12 

7 11 

9 32 

1 -67 

1 31 

4 hr. 

84 

12 

7 26 

9-79 

1 75 

1 35 
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TABLE iV — SODIUM HYPOBROMITE (N/IO ) 
TREATMENT OP BLEACHED COTTON YARN 

10 fm. of oxycelMose in 15 cx, o/ A//250 M.B. solution ; 
tmp., 80®C., ; 6 hr. 


OxYCEL* ApproxI' methy- Carboxyl Copper COOH 


LULOSE 

No. 

MATE 

PR 

LENS BLUE 
ABSORPTION, 
M. MOLES PER 
100 GM. 

OF COTTON 

CONTENT 

M. EQ- 
PER 

100 GM. 

OF COTTON 

No. 

M.Br 

35 

6 

2-87 

4-28 

1-56 

1-50 

36 

t) 

4-83 

7 -.88 

2-48 

1-58 

37 

12 

2-75 

3-10 

0-M 

1-10 


TABLE V ~ POT. DICHROMATE + SULPHURIC 
ACID TREATMENT OP BLEACHED 
CdTTON YARN 


0-5 gm. of oxycellulose in 15 c.c. of M/iHO M.B. solution; 
^emp. 80X. ; G hr. 


Treatment 

OXYCEL- 

Methy- 

Car- Copper 

COOH 


LULOSE. 

lene 

BOXVL No. 

B.M. 


No. 

BLUE 

CONTENT 



ABSORP- 

.M. EQ. PER 




TION, M. 

100 OM. OF 




MOLES PER 
100 GM. OF 

.COTTON 




COTTON 



N/20.dichro- 

38 

2-30 

2-43 2-65 

1 0 

inate in N/IO 
sulphuric acid 





N/20 dichro- 

39 

8 27 

.5-07 5-96 

1-8 

mate in N/5 





sulphuric acid 
N/10 dichro- 
mate, in N/10 
sulphuric acid 

40 

3 11 

4-05 5 -(Ml 

1-8 


TABLE VI- TREATMENT OP BLEACHED COTTON 
YARN IN GASEOUS NITROGEN PEROXIDE 


0 5 gm. of oxycellulose in 50 c.c. of iVf/250 M.B. solution 


Treatment Oxvcel- Methylene Carboxyl 

LULOSE BLUE CONTENT 

No. ABSORPTION, M. EQ. 

M. MOLES PER 100 

PER 100 OM GM. OP 
OF COTTON COTTON 


A t atmospheric 4 i 80-63 4K - 50 

pressure for 1 hr. 

For 2 hr. 42 85 64 40 42 


COOH 

M.B. 


I - 21 
J 13 


TABLE VII - TREATMENT OP BLEACHED COTTON 
YARN WITH N/5 HYDROGEN PEROXIDE 
AT FOR 5 MR, 


1 0 gni. of oxycellulose in 15 c.c. of A//250 M.B. solution 


OxYCEL- 

Approxi- 

Methy- 

Carboxyl 

Copper 

COOH 

LULOSE 

MATE 

LENE 

CONTENT 

No. 

M.B. 

No. 

^H 

BLUE 

ABSORP- 

TION, 

M. MOLES 
PER 100 
CM. OF 
COTTON 

M. EQ. 
PER 100 
GM. OF 
COTTON 


48 

8 

1-02 

1-65 

0-82 

0-86 

H 

10 

192 

l-,6 

0-16 

0-83 

46 

12 

1-06 

1-6.5 

0-7 

0-76 


In Table I V are recorded the results obtain- 
ed with hypobromite oxidized samples. It 
is seen that the ratio COOH/M.B. is not 
differing substantially since the copper 
number of the samples are not high. 

The results- obtained with dichromate 
oxidation are shown in Table V. In view 
of the fixed chromium in the samples, it is 
not possible to draw any conclusion from 
the methylene blue absorption values. 

The results of nitrogen dioxide oxidized 
samples are given in Table VI. In spite of 
the very high carboxylic acid content, 
indicative of considerable degradation, the 
ratio of COOH/M.B. is very nearly one. 
The mechanism of this oxidation has been 
suggested to be a specific one, directed 
towards the conversion of the primary 
alcoholic groups in the gluco-pyranose residue 
to the carboxylic acid stage. 

The results obtained with the hydrogen 
peroxide oxidized samples are summarized 
in Table VII. It is seen that the ratio 
COOH/M.B. is more or less constant and 
nearer to unity. The copper number of the 
oxidized samples are also low. 

What has been said about the hydrogen 
peroxide samples is true of the properties 
of heat and light samples which have been 
given in Table VIII. 

In Table IX are summarized the results 
of the calculations of aldehyde groups from 
copper number determinations described 
in Tables II to IV. The calculations were 
carried out on the assumption that the 
copper equivalent of maltose (10 cupric 
copper atoms to 10 cuprous copper atoms ), 
as obtained by Richardson^^, are equally 
applicable to cellulose. This means that 
the copper number values when multiplied 
by 1*58 give the amounts of milliequivalents 
of — CHO groups per 100 gm. of cellulose 
sample. From the calculated value of —CHO, 
it was possible to calculate the amounts 
of the carboxylic acid groups that might be 
formed due to Cannizaro reaction^®*^^ 
(ZCHO+HgO— > -COOH-fCHaOH) taking 
place in presence of the alkali. It was 
assumed that all the —CHO groups were 
affected in this manner. 

Discussion 

The results described in the foregoing 
will have to be considered from the 
following two aspects : (1) the mechanism 
of methylene blue absorption and the 
factors influencing the same and (2) the 
utility of the alkali titration method in 
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TABLE Vni~ EXPOSURE OF BLEACHED COTTON 
CLOTH TO LIGHT & HEAT 


0-5 gm, of oxycellulose In 15 c,c. of A//250 M.B. solution 


Treatment 

Oxycel- 

Methy- 

Car- 

Copper 

COOH 


lulose 

lene 

boxyl 

No. 

M.B. 


No. 

BLUE 

CONTENT 




ABSORP- 

M.EQ. 





TION, 

PER 100 





M. MOLES 

GM. or 





PER 100 
GM. or 

COTTON 

COTTON 



Exposure to light 




0-28 

ottr» 

for 1 month 

4(5 

1 44 

0-94 

for 2 months 

47 

1 4.3 

112 

0 43 

0-77 

Heat treatment 






at H0°C. for 4 hr. 48 

1 83 

1 23 

0-23 

0(57 

at 110°C. for 13 hr. 4» 

1 ■ .'iO 

1 • 29 

0-57 

0-81 


measuring the carboxylic acid content of 
oxycelluloses. 

Birtwell, Clibbens and Ridge^ have shown 
that the absorption of methylene blue by 
oxycelluloses or even by pure cotton is 
dependent to a considerable extent on the 
hydrogen ion concentration of the solution. 
In a recent publication this point has been 
dealt with in considerable detail by David- 
son’. It is known that carefully washed 
hydrocellulose samples show higher methy- 
lene blue absorption than the original cotton 


due to the presence of minute quantities 
of acid which are fixed and are thus extremely 
difficult to wash away. The presence of 
various salts also influence the methylene 
blue absorption, the cations of the salts 
competing for the carboxylic acid groups 
with the methylene blue. Reference to 
Table I clearly shows that the ratio of cotton 
to methylene blue solution and also the 
concentration of the methylene blue in the 
solution influence the methylene blue ab- 
sorption. An increase in the concentration 
of methylene blue increases the absorption, 
while decreasing the ratio of methylene blue 
solution to cotton decreases the methylene 
blue absorption. This influence is more 
noticeable when the variation in the ratio 
of cotton to the methylene blue solution is 
substantial. For smaller differences in this 
ratio, the methylene blue absorption values 
are not seriously affected. The methylene 
blue absorption values, therefore, can only be 
compared with one another if they are deter- 
mined under specified conditions. From 
Figs. 1 and 2 it appears that, provided the 
conditions for the determination of methylene 
blue absorption are kept constant, an ap- 
proximate relationship between the two 


TABLE IX 



OxYCRLULOSF. 

COOH JCHO 

COOH 

COOH - ICHC 



No. 


mTb; 

M.B. 


Hypochlorite samples 

1 

0-88 

()-98 

0-49* 



2 

0-76 

1 04 

0 46* 



3 

1 -08 

1 -80 

0-60* 



4 

1-20 

3 26 

0-57* 




2 74 

2 70 

1 10 



(j 

1 57 

1 -22 

0-87 



7 

1 -95 

1 30 

1 00 



H 

2-36 

1-31 

116 



9 

0-80 

1-20 

0-47* 



10 

0-84 

1 28 

0-49* 



11 

113 

1 -80 

0-64* 



12 

116 

1 80 

0-64* 



13 

2 24 

1-90 

1 08 



14 

2-91 

1-70 

112 



1.5 

•» . 07 

1 50 

1 09 



10 

2 49 

1 30 

107 



17 

1-91 

2 ,3.5 

0-80 



18 

2 93 

3 -.38 

10 



19 

4-99 

4-20 

76 



20 

5 33 

5 02 

80 

.Mean 

Permanganate samples 

21 

1 39 

06 

82 



22 

1-76 

42 

00 



23 

138 

29 

0-81 



24 

1-58 

32 

•87 



25 

4-66 

28 

•03* 



26 

1 46 

24 

•83 



27 

1-79 

55 

•90 



28 

2-64 

00 

•36 



29 

3 21 

2 08 

•55 



30 

4-39 

53 

•00* 



31 

606 

23 

•04 



32 

7*49 

33 

•14 



33 

800 

31 

•12 



34 

8-41 

•34 

•15 

Mean 

Hypobroinite samples 

3.5 

304 

50 

1)6 



36 

5 41 

53 

•12 



37 

300 

10 

•09 

Mean 


In calculating the mean values for COOH — JCHO, the results marked with an asterisk are omitted, since th^v differ 
very considerably from the average value of the ratio. 
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measurable quantities, viz. the methylene 
blue absorption and carboxyl content, may 
be obtained. In spite of the methylene blue 
absorptiofti values being carried out under 
specified conditions, their relationship with 
the ca:rboxyl content will depend on the cor- 
rectness or otherwise of the method used for 
the determination of carboxylic acid values. 
The alkali titration method of Neale and 
Stringfellow^ for the direct estimation of 
carboxyl acid groups has been criticized by 
Davidson’, who points out that the method 
is only applicable with acidic oxycellulose 
having low reducing power, and it is pointed 
out that the reducing groups interfere with 
the determination showing higher carboxylic 
acid values than those actually produced by 
oxidation. One of the possibilities in this 
connection is the conversion of the aldehydic 
groups (through the agency of water and 
alkali ) to the carboxylic acid and primary 
alcoholic stage as follows : 

2 - CHO + H 2 O - COOH + - CH^OH. 

The possibility of this type of reaction 
can only exist with oxycellulose containing 
aldehydic groups. In the case of specific 
oxidation mechanisms such as those with 
nitrogen peroxide, this reaction will not 
affect the determination of carboxylic acid 
values by the method of Neale and String- 
fellow^. If the possibility of the reaction 
mentioned ah^ve is considered as inter- 
fering with the determination of carboxylic 
acid values, the higher values of carboxylic 
acid groups in the case of highly reducing 
oxycelluloses can be accounted for. It is 
assumed that all the available reducing 
groups are affected in this manner, so that 
the actual amount of carboxylic acid groups 
estimated in any one oxycellulose sample 
will be higher by a quantity equal to half 
the total number of reducing groups present 
in that sample. This is a big assumption. 
However, it was thought worthwhile to see 
how far this idea could be made applicable 
to explain the higher values of the carboxylic 
acid groups obtained with reducing oxycellu- 
loses. It is assumed that the copper number 
values give more or less a correct measure 
of the total number of the reducing groups 
present in the oxycellulose samples. At 
ppasent there is no direct evidence to 
relate the copper number of oxycellulose 
samples to the number of reducing groups 
present. But if the copper equivalent of 10 
copper atoms found by Richardson^* for 
reducing mqjjo and disaccharides such as 


glucose and maltose is made applicable to 
cellulose, it follows that for every aldehyde 
group present in cellulose, 10 copper atoms 
will be reduced from the cupric to the cup- 
rous stage. This will, then, enable one to 
calculate the amount of carboxylic acid 
groups actually present and the amounts 
formed from the reducing groups. Such 
calculations were carried out with the 
various oxycelluloses described in Tables II 
to IV and are summarized in Table IX. The 
measured values of carboxylic acid groups 
have been corrected by that quantity which 
is calculated as having been formed from the 
aldehydic groups. The new ratio of corrected 
carboxyl content to methylene blue absorp- 
tion is also given in the same table. This 
corrected ratio is found to be much more 
constant and nearer to unity than the un- 
corrected one for all samples except for those 
which are produced with hypochlorite solu- 
tions having 7 and below. However, 
it is of interest to mention that these also 
show an approximate constant ratio of 
0*5 to 0*6. It is possible that, in the case of 
these oxycellulose samples, all the reducing 
groups are not aftected by alkali, so that the 
corrections applied on this basis are higher 
and thus the ratio becomes lower than that 
for the rest of the samples. 

From what has been said above, it is clear 
that both the methylene blue absorption 
method as well as the carboxylic acid 
determination by alkali titration method 
are dependent on several factors, and, there- 
fore; they can be considered as semi-quantita- 
tive. The method for the carboxylic acid 
determination, however, gives more reliable 
results with acidic oxycelluloses with low 
reducing power. 
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Letters to the Editor 


SYNERGISM OF PTERYGOSPERMIN 
WITH OTHER ANTI-BACTERIAL 
AGENTS 

Bacteria are known to become 
resistant to anti-bacterial agents, i.e. become 
drug resistant at a slow or fast rate, both in 
vitro and in vivo. This observed resistance 
has become a serious limiting factor in the 
therapeutic efficiency of anti-bacterial 
agents.” It has been suggested that devel- 
opment of drug resistance is due to the 
rapid multiplication of a very few highly 
resistant organisms present in the parent 
strain. Since development of resistance to 
one drug does not make them resistant to 
others, combined action of more than one 
anti-bacterial agent has been found to be 
highly effective in inhibiting the growth of 
micro-organisms resistant to one of the drugs. 
Thus, the synergistic action of penicillin 
with many other anti-bacterial agents, in 
vitro and in vivo, has been demonstrated^ 
The synergism of streptomycin with several 
other anti-bacterial agents including penicillin 
against several Gram-positive and Gram- 
negative microbes has been studied and 
recorded^ Synergism in chemotherapy is 
thus not only a method of suppressing the 
induced drug fastness developed by microbes, 
but also of bringing under effective control 
several of the already resistant ones. 

The purification and anti-bacterial pro- 
perties of pterygospermin, the anti-bacterial 
principle of the drum-stick root has already 
been recorded by us**' *. Since subsequent ex- 


periments showed it to be highly non-toxic^® 
also, the combined action of pterygospermin 
and penicillin, streptomycin or sulphapyri- 
dine against different microbes was studied. 
This is a preliminary communication in 
which we record a summary of the results 
of in vitro studies on the bacteriostatic action 
of pterygospermin in the presence and 
absence of small amounts of penicillin, 
streptomycin and sulphapyridine. 

Crystalline sodium penicillin G, a standard 
sample of streptomycin [Merck & Co,), 
crystalline sulphapyridine and pterygosper- 
min prepared by the method described by 
us** were used for these studies. The anti- 
bacterial activity of individual drugs and 
of mixtures of known composition were 
found out by the serial dilution method. 
Synergistic effects obtained for S. aureus 
and E. coli are presented in this com- 
munication. 

The results clearly indicate that in the 
presence of non-inhibitory concentrations 
of penicillin and streptomycin, the anti- 
bacterial properties of pterygospermin are 
increased considerably. The minimum inhi- 
bitory concentrations of penicillin and 
streptomycin are also much low^ered in 
presence of small quantities of pterygosper- 
min. In view of the non-toxic nature of 
pterygospermin, the above findings are likely 
to assume great practical importance. The 
ability of pterygospermin to inhibit the 
growth of penicillin and streptomycin-resis- 
tant bacteria, the inability of — SH com- 
pounds to inactivate it, all seem to indicate 
that the mode of action of pterygospermin 


Organism 


5. aureus 


E. coli 


TABLE I — SYNERGISM OF PTERYGOSPERMIN WITH STREPTOMYCIN 

GROWTH IN 


l*TERYGOSPERMIN ALONE STREPTOMYCIN ALONE 
IN PTERYGOSPERMIN IN STREPTOMYCIN 

UNITS PER C.C. UNITS PER C.C. 


1 0 


10 


0 75 2 0 


10 
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units ptT C.C. 
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TABLE n — SYNERGISM OP PTERYGOSPERMIN WITH PENICILLIN 

GROWTH IN 


Organism 

Pterygospbrmin alone, 

Penicillin alon£. 

Mixtures 


Control 


UNITS 


UNITS 



PER C.C. 


PER C.C. 


PER C.C. Penicillin 

Pterygospermin units 





units 

per C.C. 






per C.C. 





1-6 1-0 

0-76 

0 85 0 03 0-02 0 01 

0-75 0-5 

0-25 





f003 




5. 


-1- -1- 

-f + 4-4* S 0-02 


4* 

-f 4-4- 




Lo-Ol 

4- 'f -f -f 

4-4- 



6-0 4 0 

8 5 

5 0 4-0 8 U 

1-85 

0-75 





f5‘0 




E. eoli 


+ 4- 

... ++ ++ jt'g 


' 4 -* 

4-4- 

4-4-4- 




(.2-0 

+ ‘ 4 -‘ 

4-4- 



TABLE III — COMBINED ANTI<*BACTBRIAL ACTION 
OF PTERYGOSPERMIN & SULPHAPYRIDINE 
AGAINST S. A URE VS 


PtEKYGOSPEKMIN SuLPIIAPVRIDNK CiUOWTM 
UNITS DILUTION X 10 

PER C.€. 

, Nil Nil 4- f- 

Nil 0*2 4 - 

0-75 Nil 4 - 

0-76 0-2 H 

0-76 0 1 

0-76 0 02 f f 

0 875 ,0*2 |--f 

0 ' 875 0 ■ 1 "f" 4' 

0-875 0-02 + + 


is widely different from either that of peni- 
cillin or streptomycin. 

Synergic effects observed in mixtures of 
sulphapyridine^ and pterygospermin are of a 
very low degree and may not be of much 
practical utility. Bacteria resistant to ptery- 
gospermin appear to be not affected by 
sulphapyridine as well. It is not, however, 
possible to infer anything regarding the 
similarity or otherwise of the mode of action 
of the two compounds. Detailed investiga- 
tions on the synergic action of pterygosper- 
min with other anti-bacterial agents, against 
other microbes, and the efficiency of the 
synergic mixtures in vivo are in progress. 

Our thanks are due to Df. K, M. Pandalai,^ 
Dr. N. N. De and Prof. V. Subrahmanyan fo/ 
their interest and helpful suggestions, to 
Merck & Co,, Rahway, N.J. for the supply 
of streptomycin used, and to the Council 
of Scientific & Industrial Research for finan- 
cial assistance. 

R. Raghunandana Rao 

( Miss ) Mariam George 

Department of Biochemistry 
Indian Institute of Science> 

Bjangalore 
September 13^1948 
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A SYNTHESIS OF KELLIN 

Among the naturally occurring com- 
pounds having a fused chromone and furan 
ring systems, kellin has recently assumed 
great importance because of its use in the 
treatment not only of leucoderma but also 
of spasmodic conditions such as asthma 
and intestinal colic and of certain diseased 
conditions of the heart. Jts constitution 
was established by Spath a,nd Gruber^ but 
its synthesis has not so far been published. 
Based on our work of the past two years on 
nuclear oxidation in flavones and related 
compounds, it has been possible for us to 
effect this synthesis. The starting mate- 
rial is 5 : 7-dihydroxy-2-methyl chromone (I) 
whose preparation has been made in improved 
yields. It is next condensed with 1 mole 
of bromacetic ester in acetone solution in 
the presence of anhydrous potassium car- 
bonate, the product being (II). Nuclear 
oxidation of it with alkaline persulphate 
gives rise to the quinol (III) which is partially 
methylated to form (IV). Condensation 
with hexamine in glacial acetic acid solution 
yields the aldehyde (V) which is subsequent- 
ly subjected to complete methylation (VI), 
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and gentle hydrolysis with dilute alkali, 
yielding the aldehydo-acid (VII), Boiling 
with sodium acetate and acetic anhydride 
finally produces synthetic kellin (VIII) 
which is found to be identical with natural 
kellin from Ammi visnaga. 

Our thanks are due to Professors 
A. Schonberg and R. B. Fahmy of Cairo for 
the supply of samples of natural kellin. 

V. V. S, Murti 
T. R. Seshadri 

Department of Chemistry 
Andhra University, Waltair 
April 25, 1949 

REFERENCE 

1 . Spath & Gruber : Ber., 1938 . 71 , 106 . 

A SYNTHESIS OF MYRISTICIN & 
ELEMICIN 

In the study of nuclear oxidation in 
the flavone series, it has been shown that 
/>ara-oxidation takes place readily with 
alkaline persulphate and it could be used 


in a number of ways^ On the other hand, 
er//fo-oxidation does not proceed satis- 
factorily by this method. A two-stage 
process formulated below (I to III ) was, 
therefore, adopted and its suitability proved 
by the synthesis of myricetin* and 
robinetin® involving or//jo-oxidation in the 
side phenyl nucleus. One of the synthetic 
advantages of this method is in the 
preparation of methylene ethers (IV) and 
as a typical example the synthesis of 
kanugin® has been carried out. 

This work has now been extended to the 
components of essential oils which are 
classified as allyl benzene derivatives. 
Robinson^ has drawn attention to the bio- 
genetic similarity betw^een the nine carbon 
system present in these (V) and in the non- 
phloroglucinol part of the anthocyanins 
and anthoxanthins arising from component 
B of the biogenetic precursor (\T). The 
derivatives of allyl pyrogallol like myris- 
ticin (X) and elemicin (XI) may, therefore, 
be considered to arise from those of allyl 
catechol by nuclear oxidation. In support 
of this view, the two-stage or//to-oxidation 
process has now been carried out with 
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eugenol (VII), probably the most important 
member of the allyl-catechol type. By 
the action of hexamine it readily forms 
aldehydo-eugenol (VIII) which undergoes 
oxidation with hydrogen peroxide to hy- 
droxy-eugenol (IX). Methylenation of (IX) 
with methylene dibromide yields myristicin 
(X) and methylation with dimethyl and 


VI 

elemicin isomerized to «o-elemicin and 
oxidized to trimethyl gallic acid. 

K. V. Rao 
T. R. Seshadri 
T. R. Thiruvengadam 
Department of Chemistry 
Andhra University, Waltair 
April 4, 1949 
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sulphate yields elemicin (XI). The products REFERENCES 
have been characterized by a study of , the i. Seshadri : Proc. Ind. Acad. Sd.. 1948, 28A, 1 
physical properties (boiling point and refrac- 2. Rao & Seshadri ; ibid., 1948, 28A, 210. 
tive index ), by analysis and also by conver- Thiruvengadam ; ibid , 
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Chemical Examination of 
Tinospora cor difolia, Miers 
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r INOSPORA cor di folia Miers ( Hindi — 
Giloe, Gulanch ) is a well-known indi- 
genous drug commonly used as a 
febrifuge, an antiperiodic and as a 
general tonic. The fresh plant material is 
extremely bitter in taste. 

Fluckiger^ reported that the therapeutic 
properties of the drug as well as its bitterness 
are due to the presence of a glucoside and 
traces of berberine. Kirtikar^ also ascribes 
the medicinal properties to the presence of 
berberine. Pendse and Dutt* reported the 
presence of a waxy substance and an alka- 
loidal constituent different from berberine. 
They further stated that the bitter consti- 
tuent was a semi-solid product which could 
not be crystallized. Subba Jois^ isolated 
from the material three crystalline substances 
melting at 75"-77X.. 83'°-84X. and 18rc. 
respectively. Out of these, the substance 
melting at ISTC. was assigned the mole- 
cular formula Ci^H^gO^, while the product 
melting at 83°-84°C. was noted to be a 
monohydroxy alcohol of the fatty series. 
Bhide, Phalnikar and Paranjpe® isolated two 
bitter substances : (A) CjjgHaAo SHjO, m.p., 
226"-228X.; and (B) m,p.. 186°-188X., and a 
neutral fatty alcohol, CagHggO, m.p, 82^-83X. 

In view of the great importance attached 
to Giloe in the indigenous systems of medicine 
and the varied claims put forward by dif- 
ferent authors in regard to its active consti- 
tuents, a systematic chemical examination 
of the plant was undertaken. As a result 
of these investigations, the following crystal- 
line substances have been isolated and 
characterized: 


1. Giloin, CooHooOjoSiHnO ; glucoside; 
m.p.. 226"-228X. ; lajV - -f69-5^ (after 
drying to constant w'eight in vacuo over 
PgOg ) in 1 per cent alcoholic solution ; 
yield 0*2 per cent on the weight of fresh 
bark-free stem ; bitter in a dilution of 1 in 
10 . 000 . 

2. Giloinin, CnHjgOg ; non-glucosidic ; 

bitter ; m.p.. 210^-212X. ; = -1-40" 

in 1 per cent acetone solution ; yield, 0*001 
per cent on the weight of fresh bark-free 
stem ; bitter in a dilution of 1 in 1 .000. 

3. Gilo-sterol, (^28H480 ; m.p.. 192 -193T:. ; 
[a]V =:-f 92" in alcoholic solution. 

The method worked out for the isolation 
of the bitter crystalline constituents was 
based on the extraction of the bark-free, 
crushed stems with water in the hot or 
alcohol at the ordinary temperature, con- 
centration of the combined extracts under 
reduced pressure, and separation of the 
different fractions from the aqueous con- 
centrate with the help of miscible and non- 
miscible solvents and solvent mixtures, 
without the use of any chemical reagents. 
The gilo-sterol was isolated from the un- 
saponifiable fraction of fatty matter through 
crystallization from organic solvents. The 
mixture of giloin and giloinin which initially 
formed the crude crystallizate obtained on 
dissolving the ether-insoluble fraction in 
dilute alcohol and concentration of the 
solution on the water bath, yielded the 
individual crystalline substances after a 
long process of repeated fractional crystalliza- 
tion. There was considerable ' wastage 
involved in this process of separation but 
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it yielded pure products which showed no 
increase in their melting points on subsequent 
crystallization. 

Giloin is sparingly soluble in ether, petrol 
ether and benzene, soluble in water and 
ethyl acetate in the hot and fairly soluble 
in alcohol, methanol and acetone. It does 
not contain any methoxy group. It could 
not be catal 37 ticaUy reduced with platinum 
black and does not readily absorb bromine 
in the cold, which would indicate the absence 
of eth^denic linkages. Giloin is fairly stable 
to acid hydrolysis but is readily^ hydrol^^sed 
on warming with dilute alkali for a few 
minutes. Due to its susceptibility to alkaline 
hydrotysis, it could not be benzoylated by 
Schotten-Baumann’s method, nor methv^- 
lated with dimeth^d-sulphate and alkali. 
The sugar component of the glucoside was 
identified as glucose through its osazone. 
The aglucone could not be isolated, but 
from the products of acidic h^^drolysis, 
crystalline barium and silver salts of an 
organic acid have been obtained which are 
under investigation. Giloin appears to be 
an a-glucoside as it. is not hydrolysed by 
emulsion. It does not give tests for alde- 
hydes arid ketones but reduces Fehling 
solution due apparently to its initial hydro- 
lysis in alkaline medium. The melting, 
point of giloin would indicate that it is 
identical with the crystalline product (A) 
isolated by Bhide and co workers. In so 
far, however, iis Bhide et aVs product shows 
dextro rotation of 48"" and anal^^ses for 
with C, 57*6 ; H, 7*4 per cent 
as against giloin. C 23 H 32 O 10 , [a]V = +69-5® 
with C, 59*0 ; H, 6- 8 per cent, the latter 
appears to be definitely different from the 
former. This conclusion gets further support 
from the fact that in contrast to substance 

(A) , giloin has been established as a glucoside. 
Bhide et aVs substance (A) failed to reduce 
Fehling solution after attempted hydrolysis 
and it was considered b}^ them to be non- 
glucosidic in character. 

Giloinin does not contain any methoxy 
group and fails to give an acetyl derivative 
or a phen^d hydrazone. It is recovered 
upchanged on heating with dilute acids on 
the water bath, but on treatment with 
dilute alkali, it is degraded to water-soluble 
products from which no crystalline substance 
could be isolated. It does not give any 
colouratiqn with ferric chloride and does 
not reduce Fehling solution, 

GSoinin is quite distinct from substance 

(B) , reported by Bhide, Phsftnikar and 


Paranjpe, which melts 24"" lower. As no 
molecular formula has been assigned to their 
product, no suggestion about its possible 
relationship to giloinin can be made at this 
stage. 

Comparing the molecular formula of giloin, 
C 23 H 82 O 10 , with that of giloinin, Ci 7 Hi 806 , 
it was expected that giloinin might prove 
to be the aglucone of the glucoside. As 
already stated, however, it has not so far 
been possible to isolate giloinin or any other 
aglucone from the hydrolysate of giloin. 
Further work on the elucidation of this 
point is in progress. 

From the fatty portion, a number of lower 
melting crystalline substances corresponding 
to the waxy products reported by the 
previous authors were obtained, but these 
were not pursued further. Gilo-sterril, whicli 
has not so far been reported by any of the 
previous authors, was isolated from the 
unsaponifiable fraction of the fatty matter. 
It conforms to the formula C 28 H 48 O and 
showed lalV=;= -|-92"' in alcoholic solution. 
It gave all the colour reactions of sterols 
and formed a crystalline acet\d derivative 
and the digitonide. 

Experimental 

25 lb. of the fresh stem of Tinospora 
cordifolia, stripped of the green bark and 
then crushed, was extracted 4 times with 
water in the hot at 80''-100'^C., till the residue 
was no longer bitter to taste. The aqueous 
extracts were concentrated under reduced 
pressure to a thick syrupy liquid (5 kg.) 
which was treated with 5 gallons of rectified 
spirit. The alcoholic solution was filtered 
off from the insoluble matter and concen- 
trated to a small volume in vacuo. After a 
repetition of this process with the concentrate 
for eliminating most of the starchy matter, 
the semi-solid residue was successively ex- 
tracted with ether and benzene. The ether- 
benzene insoluble portion yielded, through 
its dilute alcoholic solution, a mixture of 
crude giloin and giloinin ( 23 gm.) which were 
separated through a process of purification 
and repeated fractional crystallization from 
alcohol as described later. The combined 
ether-benzene extracts gave a further small 
quantity of crystallizate consisting mainlj^ 
of giloinin, which was separated off. The 
filtrate was freed of the solvent and the 
residue consisting of the total fatty consti- 
tuents was saponified with alcoholic potash. 
The unsaponifiable inatter was separated 
from the acids in the usual manner, 
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on repeated crystallization through acetone, 
it finally ^fielded gilo-sterol, m.p., 192T. 

In a separate working, 25 lb. of the 
fresh> crushed material were repeatedly 
percolated with alcohol at the ordinary 
temperature. The extracts were concen- 
trated under reduced pressure and the 
concentrate digested with benzene. The 
benzene layer on removal of the solvent 
gave nearly 50 gm. of tlie fatty constituents. 
The benzene-insoluble residue was dissolved 
in alcohol and the solution was filtered, 
charcoaled, concentrated in vacuo and kept 
in the cold, when colourless needles melting 
at 215'-220d'. separated out. The mother 
liquors, on further concentration, gave a 
further crop of crystals, ca. 1 gin., consisting 
mainly of giloinin making u)) a total yield 
of 22'5 gm. of the crude crystallizate con- 
sisting of giloin and giloinin. The final 
mother liquors which were not appreciably 
bitter were rejected. 

Giloin — The crude crystal lizates consist- 
ing of a mixture of giloin and giloinin were 
dissolved in alcohol, and the solution treated 
witli ether and a small quantity of petrol 
ether which removed coloured impurities. 
The clarified solution was concentrated and 
the alcoholic concentrate diluted with water 
to turbidity, wlieii, on keeping in the cold, 
straw-coloured needles of giloin melting at 
220^’-222"t'. separated out, which were filter- 
ed, washed with dilute alcohol and dried on a 
porous plate. After repeated crystallizations 
from dilute alcohol, dilute acetone and moist 
cthyd acetate, giloin w^as . finally obtained 
in the form of colourless, silky needles 
melting at 226^-228"'C. There was no rise 
in the melting point on further crystallization 
from any of the solvents. On drying to 
constant weight at lOO^'C. in vacuo over 
phosphorus pentoxide, giloin crystallized 
from dilute alcohol, dilute acetone and moist 
ethyl acetate show^ed a loss of 17*9, 17*2 
and 17*7 per cent respectively ; C23H320io- 
5IH2O requires HgO, 17*4 per cent. Found 
after drying : C, 59*0, 59*3, 59*1, 59*4 per cent, 
mean, 59*2 pt^r cent ; H, 7*0, 7*0, 6*9, 6*9 per 
cent, mean 6*9 per cent; M.W. (cryoscopic in 
phenol), 496;. O-CH3 (after Zeisel), nil; 
C23H32O10 requires C, 59*0 ; H, 6*8 per cent ; 
M.W., 468. An air-dried sample in 1 per 
cent alcoholic solution showed [a]*D = +59 ’, 
while the dried product showed = 

+ 69*5^. 

Giloin is nearly insoluble in petrol ether, 
sparingly soluble in ether or benzene, fairly 
soluble in alcohol, acetone, methanol, moist 


ethyl acetate and water in the hot. Giloin 
does not show any colouration with ferric 
chloride. It reduces Fehling solution but 
fails to react witli phenyl hydrazine or semi- 
c irbazide. It could be recovered unchanged 
on evaporation of its solution in glacial 
acetic acid or liquor ammonia on the water 
bath. It dissolves in cold, concentrated 
sulphuric acid to a dark-red solution which, 
on dilution with cold water, gives a cream- 
coloured precipitate from wliicli some un- 
clianged giloin could be recovered. It dis- 
solves in dilute alkali or saturated baryta 
on slight warming, but does not separate 
out on cooling or acidification of the solution 
due apparently to hydrolysis. It is also 
liydrolysed when heated with 10 pier cent 
hydrochloric acid on the water bath or on 
heating with lupior ammonia in a sealed 
tube at 100 C. The products of hydrolysis 
in all these cases were water soluble and no 
crystalline product could be isolated from the 
reaction mixture. 

Hydrolysis of Giloin with Dilute Sulphuric 
Acid — Giloin ( 2 gm. ) was heated with 
200 c.c. of 7*5 per cent sulpliuric acid on a 
water bath for 3 hours. The resultant 
yellow-coloured solution wliich showed a 
greenish fluorescence was shaken out with 
ethyl acetate. The ethyl acetate extract 
was washed with water, dried over anhydrous 
sodium sulphate, filtered and freed of the 
solvent, when a reddish treacly residue 
which was insoluble in petrol ether and 
ether but soluble in other organic solvents 
was obtained. It was dissolved in ethyl 
acetate and purified through the addition 
of ether and a little petroleum ether. The 
resulting yellowish solution yielded a small 
quantity of a crystalline deposit ( 0*07 gm.) 
melting indefinitely betw*een 245 C. and 
252X. which is under investigation. 

The acidic layer was treated with barium 
carbonate till the solution was neutral, and 
the filtrate separated from barium sulphate 
was evap)orated to dryness on a water 
bath. The residue was repc'atedh* washed 
with methanol, when a crystalline, colourless 
product was left behind which gave 53*7 
per cent barium. An aqueous solution of 
the barium salt on treatment with silver 
nitrate yielded the corresponding silver salt 
in* the form of colourless shining needles, 
which after drying to constant weight 
in vacuo over phosphorus pentoxide at 
lOO'X. gave C, 14*3, 14*6 per cent ; H, 
T9, T7 per cent; Ag, 62*0, 64*6 per cent 
(as Agl). 
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The methanol solution was freed of the 
solvent and the residue was taken up in 
alcohol and purified through ether and a 
small quantity of petrol ether. The clear 
solution was concentrated and then refluxed 
with phenyl hydrazine and 50 per cent 
acetic acid on the water bath for one and a 
half hours. The osazone of the sugar com- 
ponent of the glucoside separated out in 
yellow needles which were filtered, washed 
with water and dried on the plate. After 
crystallization from alcohol, it melted at 
202X. and did not show any depression 
in melting point on admixture with pure 
glucosazone. 

Isolation & Clmracterizaiion of Giloinin — 
The combined ether-benzene extracts of the 
alcoholic extractive of the drug gave, on 
keeping, a small fraction of crude giloinin 
melting at 190°-200'^C. After repeated 
crystallizations from a mixture of alcohol 
and acetone, giloinin was obtained in the 
form of colourless, silky needles melting 
at 210°-211°C. Another alcohol-insoluble 
crystalline substance was also obtained 
during the process of purification of giloinin 
which melted at 286°C., but its quantity was 
too small for a detailed investigation. A 
further small quantity of giloinin could also 
be obtained in the course of the fractional 
crystallization of the crude crystallizate 
obtained, from the ether-benzene insoluble 
portion of the alcoholic extractive which 
mainly consisrted of giloin ; total yield, 0*001 
per cent on the weight of fresh, bark-free 
stem. 

Giloinin is sparingly soluble in petrol 
ether, ether and benzene, fairlyi^soluble in 
alcohol, and methanol in the hot, more 
readily in acetone and chlojFoform. From 
alcohol, it crystallizes in colourless, short, 
prismatic rods. In 1 per cent acetone 
solution, it showed [a jo* == +40*^. It does 
not contain any methoxyl group, and does 
not reduce Fehling solution. The air-dried 
substance does not suffer any appreciable 
loss in weight on drying in vacuo at 100°C. 
over phosphorus pentoxide. Found after 
drying : C, 66*8, 67*0 per cent ; H, 6*3, 6*15 
per cent ; M.W. ( cryoscopic in phenol ), 331 ; 
C17H18O5 requires : C, 67‘5 per cent ; H, 6*0 
per cent and M.W., 302. 

Giloinin dissolves in dilute alkali on slight 
warming and Is not precipitated out on acidi- 
&ca,iion. On treatment with acetic anhy- 
dride and fused sodium acetate, also after 
healing with 5 per cent sulphuric acid, the 
substance is recovered unchanged. It does 


not give any colouration with ferric chloride 
in alcoholic solution. 

Isolation & Characterization of Gilo-sterol — 
After the separation of giloinin from the 
ether-benzene soluble product, the fatty 
residue was .saponified with 10 per cent 
alcoholic potash on a water bath. The 
dark-red hydrolysate was diluted with water 
and extracted with ether. The ethereal 
extract was washed with water, dried over 
anhydrous sodium sulphate and freed of the 
solvent by warming on a water bath. The 
residue (15*8 gm. ) was kept in the cold in 
acetone solution, when clusters of colourless 
needles melting within a range of 151°-158X. 
separated out ; yield 5*5 gm. On repeated 
alternate crystallizations from petrol ether 
and acetone, the crystallizate finally yielded 
pure gilo-sterol melting at 190‘^-192°C. A 
number of lower melting fractions melting 
between 157°C. and 182°C, were also obtained 
in the course of the fractional crystallization, 
but their quantities were too small for 
detailed study. 

Gilo-sterol gives the Liebermann-Bur- 
chard reaction and forms a digitonide. It 
is fairly soluble in petrol ether, alcohol 
methanol and acetone in the hot, readily 
soluble in ether and chloroform. In alcoholic 
solution, it gave [ a J y = +92*8''. Found 
after drying to constant weight at 100°C. 
in vacuo over phosphorus pentoxide : C, 
83*7 per cent ; H, 1 1*9 per cent ; M.W. ( after 
Rast ), 399. C28H48O requires : C, 84*0 per 

cent, H, 12*0 per cent and M.W., 400. The 
acetyl derivative prepared in the usual man- 
ner melted at 234'’C. with previous shrinking 
at 220X. 
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A Method for the Production of 
Carotene Concentrate from Water 
Hyacinth {Eichhronia crassipesj Solms) 


S. NEOGI & K. RAJAGOPAL 

Department of Biochemistry, All-India Institute of 
Hygiene & Public Health, Calcutta 


S EVERAL workers have pointed out 
the possibility of production of caro- 
tene from water hyacinth ( Eichhronia 
crassipes, Solms ) which is regarded 
as a pest in Bengal. It grows luxuriantly 
in ponds and, according to official reports, 
it has been spreading over an area of 4,269 
sq. miles in the lower districts of Bengal. 
It has been calculated that about 107 
million tons of green water hyacinth can be 
easily had in Bengal. No process or method 
for the production of carotene from water 
hyacinth appears to have been recorded so 
far. A method developed for the produc- 
tion of carotene concentrate on a laboratory 
scale has been worked out, and described 
here. 

The method consists of the following 
stages: (1) dehydration of the leaves; 
(2) extraction of the total pigment by an 
organic solvent ; (3) purification of the ex- 
tract by chromatographic separation ; (4) 
concentration and recovery of the solvent ; 
and (5) storage. 

Experimental 

Water hyacinth leaves were collected at 
Singur, 25 miles away from Calcutta, and 
were immediately treated as follows : 

Dehydration — Lots of 1,200 gm. of fresh 
leaves were dehydrated by several proce- 
dures. In one set of experiments the 
untreated leaves were placed inside an 
electric air oven at 60‘'C. In another set, 
leaves were chopped and blanched ( im- 
mersion in boiling water in an aluminium 
vessel for 3 min. ) and dried in an air oven 
at 60®±SX. Fig, 1 represents graphically 
the course of dehydration in the samples 
treated. The carotene contents of samples 
treated by the 2 methods are recorded 
in Table I. The untreated leaves on 
dehydration show considerable discoloura- 
tion, while the blanched samples retain 
much of the greenness. 



TABLE I — CAROTENE CONTENT ( ON DRY BASIS ) 

( mg. per 100 gm.) 

Untreated Blanched Difference 


16-80 28- 1 401 

19- 40 25 ,S 45-0 

20- 9,3 34 2 41 7 

18-18 31-8 42-8 

21 21 302 41 4 


Blanching hastens dehydration and raises 
the yield of carotene by about 42 per cent. 

Extraction — Extraction was conducted 
in’ (1) a glass Soxhlet { 2 litres); (2) copper 
vSoxhlet ( 3 litres ); and (3) long-necked, round- 
bottomed flask ( 2 litres ), fitted with a reflux 
condenser for direct boiling on water bath. 
Petroleum ether (b.p., 40"’-60"’C. ) was used 
for Soxhlet extraction and high-boiling 
petroleum ether (b.p., SO'^-IOOX. ) was 
used for direct heating. The yields of 
carotene are shown in Table 11. 

It is seen that a maximum yield of 85*3 
per cent is attainable when extractions 
are made by direct heating over a water 
bath emplo>dng high-boiling petroleum ether. 

Purification of the Extracts — As phasic 
separation is unsatisfactory and expensive 
for adoption on a commercial scale, chro- 
matographic separation was adopted for 
the purification of the extract. , A mixed 
adsorbent consisting of soda ash and light 
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table U — 100 CM. OP DRIED LEAVES EXTRACTED 
FOR 6 MR. 

Petroukum 

Mois- Caro- Petroleum ether ether 


TURE 

TENE 


40^^ 

60X. 


80 diHl'C. 



1 


2 


3 




Yield 

Reco- 

very 

o/^ 

Yield 

Reco- 

very 

Yield 

Reco- 

very 

84-7 

iih 1 

21 4 

01 ‘0 

1 8 ■ 0 

53 0 

20-7 

84 0 

mi 

28-7 

17 04 

.15) U 

1.5 0 

55 0 

24 •« 

85 • 7 

88-:} 

St - 7 

18-30 

r,o 1 

17 1 

52 2 

28-4 

8(i0 

• 7 

3»-7 

23 (»2 

51)0 

18-7 

47 0 

34 4 

8«(5 

87 6 

S7-1 

22 33 

60-2 

1807 

51 1 

30 7 

82-7 

Average 

86-4 

34 7 

22 24 

.50 • 2 

17 0 

51 0 

20 0 

85 • 3 


magnesia ( Darlikgton Brand ) was found to 
be satisfactory for chromatographic separa- 
tion. Soda ash is clieap and selectiv^e in 
adsorption. Of the adsorbed materials, tlie 
carotenoid pigments, being the least adsorbed 
constituents of the mixture, passed through 
while the contaminants, , chlorophylls and 
allied chromogens remained bound to the 
adsorbent. There was little decomposition 
of the pigments during the chromatographic 
analysis. A battery of 3 or more large 
adsorption tubes, 2"xl0", was employed. 
Each tube was uniformly packed with an 
intimate mixture of soda ash and magnesia 
(6:1). The tubes were fitted into rubber 
stoppers fitted to suction flasks. Petroleum 
ether ( 40°-60''C. ) was forced through the 
tubes until the columns were covered with 
the solvent, ^fhe extract was then poured 
into the tubes and washed with fresh petro- 
leum ether. The process was continued 
until the carotenoid column ( least adsorbed ) 
was washed into the filtering flasks, the 
washing being deemed complete when the 
washings began to show the brownish colour 
of chlorophylls. The principal bands 
obtained during the chromatographic sepa- 
ration are shown diagrammatically in Fig. 2. 

The orange (2) and light-yellow (3) bands 
were taken together as total carotenes. 

The carotene concentrate prepared 
above contained a mixture of isomeric 
forms of carotenes. 

Analytical Methods — For the analysis 
of fresh leaves, the method of Moore^ was 
adopted with suitable modification. 4-5 
gm. of leaves were minced and refluxed with 
50 cx. of 95 per cent alcohol for 30 min. 
The extract was filtered into a separator, 
and the residue further refluxed with 25 c.c. 
alcohol, filtered, and the filtrate added to 
the' fornfier extract. A mixture containing 
90 pet cent methanol and pettoleum ether 



(b.p., 40'-60'T. ) was used for washing the 
residue. The residue was macerated in 
a mortar and re-extracied with further 
25 c.c. portions of petroleum ether contain- 
ing a little methanol. The extraction was 
continued till the residue was almost colour- 
less. 50 c.c. of water and 2-3 gm. of sodium 
chloride were then added to the separator 
containing the combined extracts, shaken, 
and the two phases were allowed to separate. 
Thu alcohol water layer was transferred to 
a second separator and re-extracted witli 
25-30 c.c. portions of petroleum ether. 
The partitioning was repeated 2 or 3 times. 
The petroleum ether solution was washed 
with water and dehydrated with anhydrous 
sodium sulphate. The solution was then 
chromatographed on a column of 2"xl0'', 
made of the mixed adsorbent described 
above. Idie carotene in the solution was 
estimated using the Evelyn photoelectric 
colorimeter with filter No. 420, with the 
aid of a reference curve showing the relation- 
ship between colorimeter readings and the 
concentration of carotene ^ in a standard 
solution of p-carotene in petroleum ether. 

The dried leaves were treated according to 
the method (E) described by Nelson^ for 
dried grass, with the modification that the 
adsorbent used was a mixture of soda ash 
and magnesia ( 6 : 1 ) . 2-2’ 5 gm. of weighed 
samples were d^xtmeted in a Kjeldahl 
flask with 50-60 ex, of ) 
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petroleum ether ( b.p., SO^'-IOO'T. ) for 
2-2*5 hr. and the solution decanted. The 
residue was further extracted for half an 
hour with 25 c.c. of petroleum ether and filter- 
ed. The combined extracts were purified 
by chromatographic separation and the 
carotene concentration estimated as above. 

Yield of Carole ne — 3 kg. of fresh, chopped 
leaves were blanched in boiling water for 
3 min. and dried in an electric air oven 
at 60"’C. Tlie dried leaves were pulverized 
and extracted in a series of 3 long- 
necked flasks with 1 litre of petroleum ether 
(b.p., 8(r-l()0 r. ) for 5 hr. The extract 
was decanted, and the residue treated with 
further 100 c.c. of the solvent for half an 
hour. The combined extract was concen- 
trated to a fourth of its volume and subjected 
to chromatographi(' se[mrator in a battery 
of 3 adsorption tiibi s ( 2" 10" ) using the 

mixed adsorbent. The carotenoid pigments 
were washed with petroleum ether ( b.p., 
60'’-70''C. ), collected in a suction flask, and 
the solvent recovered by distillation under 
reduced pressure. The residual |)etroleum 
ether was removed by a draught of carbon 
dioxide. The final product was kept in 
sealed bulbs wrapped in black ])aper. The 
lesults obtained are given in Table HI. 


TABLE III 

( 3 kfi. frt'sh Uuivt's t xtraettui ) 


.Moistiri. 

( AROTI.NF. 

Y 11. 1.0 

Kl I OVFRV 

'!o 

( ONTI NT 

( FRt SH n \SIA ) 



( FRKSII llXSI^i ) 

M(‘.. 



M<; 



87 1 


1 l.-M 

,S4 0 

84 ■ U 

l«,3-8 

1 :is • 7 

84 

8.') • 4 

1 :i(i :i 

1 ; U r. 

8« 1 

8«() 

ITii 7 

1 4« 7 

87 U 


Biological Assay' — A grouj) of 6 normal 
young rats ( 1 male and 5 females ) ' were 


maintained on a vitamin A-free diet for about 
6 weeks to reduce the body store of the 
vitamin. The animals were fed on a daily 
dose of 50 y of the test product dissolved 
in 0' 1 c.c. of olive oil for a period of 4 weeks. 
They were weighed at weekly intervals. 
The average weights of the test animals 
at the end of the successive weeks are 
shown in Fig. 3, along with those of 
rats fed on a normal diet during the same 
period. There is a graded gain in the 
weights of test animals after the intake of 
the product at th(i end of the vdepletion 
])eriod. 



WBBKS 

Fig. 3 
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Activation of Gangetic Silt 

B. K. MUKHKRJI HEMKNDRA N. DAS GVPTA 
Department of Applied Chemistry, Calcutta University 


I NVESTIGATIONS on the bleaching 
projierties of Fuller s earth reveal that 
this is due either to adsorption or absorp- 
tion phenomenon or to both. Other 
clays also possess bleaching proj>erties though 


not to the same extent as Fuller's earth. 
I'he bleaching proi)ert\' of such clays 
can be improved by activation, i.e. by 
submitting these to certain pre.-treatments. 
Even Fuller's earth has beeh found to 
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acquire better adsorptive properties on 
pre-treatment. 

Activated earth and clays find use in the 
refining of animal, vegetable and mineral 
oils. 

Deposits of Fuller's earth are found in 
Jodhpur, Jaisalmeer, Jubbulpore and other 
places in India. Kaolin deposits of Pathra- 
ghat and Mangalhat in Bhagalpur, of 
Singhbhum, Jubbulpore and Gwalior might 
have been activated and used, but their 
utilization for pottery and porcelain goods 
rules out their use for other purposes. 

The bleaching property of clays is due 
mainly to two factors : colloidal nature, 
and porosity ( capillary action ). According 
to Menard and Mallory' the mechanical 
and electrical properties of the earth are 
responsible for its bleaching action. 
Benedict* holds that the colloidal matter 
in the earth first undergoes atmospheric 
oxidation when its adsorptive properties 
develop. As to the mechanism of adsorp- 
tion, there is hardly any unanimity of views. 
Sloan* holds that removal of colouring 
matter is mechanical while Kobayashi and 
Yamamoto^ find that adsorption proceed 
quantitatively according to Freundlicn^s 
adsorption isotherm formula. Haseman* 
discredits any explanation based on ad- 
sorption. According to Jatkat®, the clari- 
fication by bleaching earth is solely due to 
the neutralization of electric charge on 
the colloidal® matter. The removal of 
large quantities of colouring matter cannot 
be explained by adsorption alone. Puri 
and coworkers^ observe that the colour 
and other suspended impurities are absorbed 
in the interstices of clay particles and as 
such creation of increased pore space of 
optimum size increases bleaching property 
of clays. The presence of humus fills 
up the pore spaces between clay particles 
and reduces adsorbing property. Hence 
according to Puri and his coworkers^ one 
of the criteria for bleaching clay is the^ 
presence of the lea.st amount of humus in 
it. If humus is present, its removal is 
essential for activation. The dissolution 
of aluminium and ferric oxides by acid 
treatment results in the release of more 
capillary, spaces and increased bleaching 
power. Pafekh and Vaidya* also support 
the view that colouring matter is removed 
by adsorption. 

Clays and earths for adsorptive purposes 
posses certain characteristics. Each and 
every clay cannot be* activated. The 
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suitability of a clay for activation does 
not depend on any single characteristic 
but on a combination of factors, some of 
which are : (a) high percentage of silica ; 
(b) a rectilinear dehydration curve ; (c) an 
optimum amount of acidity in the clay ; 
(d) base exchange capacity equal to 30 
m.e. ; (e) negligible quantity of humus ; 

(f) large proportion of conventional clay 
fraction and very low ultra-clay fraction ; 

(g) specific amount of sesquioxides remov- 
able by acid treatment under certain condi- 
tions ; and (h) montmorillonite type crystal 
structure under X-rays. 

It is, however, unanimously agreed that 
a soil cannot be activated unless its humus 
content is negligible and it possesses an 
optimum quantity of clay fraction and a 
specific base exchange capacity. 

The present work was undertaken to study 
the suitability of Gangetic silt for activa- 
tion. As will be evident from the analysis 
given below the proportion of silica and 
conventional clay fraction in Gangetic silt 
is high, and such clays have been known 
to be amenable to activation. 

The process of activation of clays as 
recommended by previous workers consists 
of the following stages : (a) acid treatment 
for part removal of aluminium oxide to 
obtain a porous structure ; (b) washing the 
acid-treated clay to a definite degree of 
acidity ; and (c) heating to an optimum 
temperature. 

In the present paper the following proce- 
dure. has been adopted to activate the clay : 

(i) Alkali treatment ( for removal of 
humus ) ; (ii) acid treatment ( with mineral 
acid ) ; (iii) washing the acid-treated clay ; 
and (iv) heating the treated clay to an 
optimum temperature to partially remove 
water of hydration to give a stable and 
porous structure to the clay material. 
( Heating to a very high temperature is 
not desirable since it may break down the 
chemical structure. ) 

Experimental 

Gangetic silt collected at Calcutta after 
the rainy season has the following com- 
position and characteristics : 


per cent 

Free silica . . 27*7 

Clay substance . . 56*7 

CaCOa . . 8-0 

Limonite . . 8*8 

AlA ^ .. 22-4 

FejOa .. 9^8 
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FegOa and AljOj passing into solution on 
acid treatment (0*5 N HCl for 3 hr. ), 16 
per cent. 

Humus " passing into solution on 
treatment with alkali ( 0.5N NaOH for 
3 hr. ), after acid treatment, 16 5 per cent. 

1 gm. of silt required 65 mg. of NaOH 
for removal of the humus. 

Dehydration Curve — The dehydration 
curve is determined by noting the loss of 
weight over a range of temperature between 
100''-600°C. when a weighed quantity of 
the clay was heated in an electric furnace 
( Fig. 1 ). 



T£HR 

Fig. 1 

Gangetic silt contains high silica, low 
humus and a high clay fraction. It also 
gives a rectilinear dehydration curve. These 
are favourable characteristics as will be 
evident from the following comparison with 
the analysis of clays activated by previous 
workers’. 


TABLE I 


Clav type 

Fe,0, 


Cl-AY 

Fe.O, 


-f 

O' 

SUBS- 

+ 


A1,0, 


TANCK 

AI,0. 


/o 


/O 

DISSOLVED 





BY ACID 





TREATMENT 

Indian bentonite 

3'5d 

0 

77 2 

/O 

3 56 

Rawalpindi clay 

Puri’ ( P.C. 2«1 ) 

8 62 

0 

40-1 


15 34 

0-28 

44-8 


Puri» ( P.C. 128 ) 

14-78 

0 

86-5 

14-78 

Pure ( P.C. 72 ) 

16-67 

0-44 

45-9 

15 75 

Gangetic silt 

32 2 

8 5 

66-7 

16 0 


Eight samples of treated Gangetic silt were 
prepared as follows : 

(1) Treated with 3N*NaOH for 4 hr. 
under reflux, filtered and washed free of 
alkali. 

(2) Treated with ZN-KMnO^ ( alkaline ) 
and washed free of alkali after filtration. 

(3) A portion of (1) was treated with 
HCl, filtered and washed free of acid. 

(4) A portion of (2) was treated with 
HCl, filtered and washed free of acid. 

(5) Treated with 4N*HC1 under reflux 
for 4 hr., filtered and washed free of acid. 

(6) Treated with 4 N-HN 03 as in (5), 

filtered and washed free of acid. 

(7) Treated with 4 N-H 2 S 04 as in (5), 

filtered and washed free of acid. 

(8) Untreated sample of silt. 

The samples prepared as above were 

divided into two sets. One set of samples 
was heated at 200X. for 2 hr. in a tube 
furnace and the other set of samples was 
heated at 400 ''C. for 2 hr. and these were 
allow'ed to cool in a desiccator. The sam- 
ples w’ere stored in well-stoppered bottles 
for subsequent tests. 

The following tests were carried out 

with the activated samples : (a) determina- 
tion of specific pore volume ; (b) acetic 
acid adsorption ; (c) caramel adsorption ; 
(d) methylene blue adsorption ; and (e) oil 
rt'fining characteristics. 

(a) Specific Pore Volume — Test pieces 
were made with each of the samples pre- 
pared above and also of the untreated clay. 
These were slowly heated at 200X. and 
400‘"C., cooled in a desiccator and weighed 
in air (\Vj). The pieces were then left 
overnight soaked in dry kerosene and again 
weighed after removing the kerosene film 
on the surface with a filter paper (Wg). 
Then the pieces were again weighed in 
kerosene (\\\). From these weights the 
specific pore volume is given by 

Sp. pore vol. ^ 

where 

W, — dry weight, 

\V, — weight when soaked in kerosene, 

\V» — weight in kerosene of the soaked 
sample. 

The specific pore volumes are given in 
Table II. 

It will be observed that except in the 
case of permanganate treatment, there is a 
marked increase in specific pore volume. 
But this is not the decisive factor, as the 
size of the pores is also a deterntninig factor 
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TABLE 

I I 

Sample 

Heated at 

Heated at 

No. 

200"C., 

4(KeC., 


Sp. pore vol. 

Sp. pore vol. 

1 

(>•49 

0-49 


0 41 

0-40 

8 

0 57 

•0 5.5 

4 

0-5:> 

(>■53 

5 

0-52 

0-51 

« 

0-61 

(J • 54 

7 


{>•51 

8 

0-39 

0 • 42 


in adsorption and the capillary size is not 
known here. It is also seen that heating 
at 400T. does not appreciably increase 
the pore space. 

(b) Adsorption of Acetic Acid — For ad- 
sorption of acetic acid, an N/10 solution 
of acetic acid was employed. About 0*5 
gm. of each sample and 25 c.c, of N/10 
acetic acid were taken in stopj^ered 
bottles and shaken for half an hour in a 
mechanical shaker and allowed to settle. 
10 c.c. of the supernatant were withdrawn 
and titrated with standard N/lO NaOH solu- 
tion. The results are given in Table III. 



TABLE 

1 1 1 

Sample 

Heated at 

Heated at 

No. 

200 C., 

4I>0C'., 


WT. adsorbed 

WT. ADSORBED 


PER GM. 

PER OM. 


OF SAMPLE 

OF SAMPLE 


(GM.) 

(GM.) 

1 

(>•(>.57' 

0 • 030 

2 

0 031 

0 (HO 

3 

(>•(>18 

0 OOlO 

4 

(>•(>20 

0(KI10 

.5 

0 01(5 

0()014 

t> 

^ 0 015) 

0 0015 

7 

OOlft 

(>•0013 

8 

0 on 

0 0041 


An examination (tf the data shows a 
gradual decrease in the amount of acid 
adsorbed from sample 1 to 8. It may be 
concluded that not only the porous struc- 
ture formed by the removal of humus 
plays a part in adsorption, but the oxides 
of iron and aluminium are also partly 
responsible for adsorption. In case of acid 
digestion, these oxides gfct - dissolved and 
hence the decrease in the adsorption capa- 
city of such samples (No. 3 and 7 ). 

Varying the condition of NaOH treatment, 
the following results were obtained : 


TABLE IV 


Sample 

Treated with 

Temp, of 

Wt. of ACE’ 

No. 

2N. NaOH for, 

ACTIVATION, 

TIC ACID 


HR. 

"C. 

ADSORBED 




(GM.) 

A 

2 

200 

00305 

B 

2 

300 

0 08«0 

C 

4 

200 

oom 

.D 

3 

. 2(K> 

0 0805 

E 

■■ « . 

300 

(>•0300 




It is thus observed that treatment with 
alkali for greater length of time increases 
adsorptive capacity. 

„ From Table III it will be seen that if 
the temperature of heat treatment is in- 
creased to 400-T., the amount of adsorption 
decreases. It is further observed that 
raising the temperature to 300°C. increases 
the absorptive quality. There is evidently a 
structural breakdown beyond 300°C. This 
is substantiated by the dehydration curve. 

(c) Adsorption of Caramel — 6 gm. of cane 
sugar were taken in a conical flask and 
heated in a sulphuric acid bath to 210°C. 
The caramelized sugar was dissolved in 
water and made up to 1 litre and rendered 
slightly acid with dilute hydrochloric acid ; 
50 c.c. portions of this solution were taken 
in separate stoppered bottles, each con- 
taining differently prepared samples of 
activated silt. The bottles were put in a 
shaker for half an hour. A Dubosq colori- 
mder was used to study the amount of 
decolourization. 


TABLE V 


1 gm of sample f '►(> c.c. of caramel solution 


Sample 

Heated at 

Heated at 

No. 

2 (>(rc., 

400 C., 


DE< OLOCRIZA 

DKt OLOURIZA 


TION 

TION 

1 

nil 

nil 

.» 

28 ■ 5 

nil 

3 

25-0 

2(50 

4 

10‘4 

7 • 7 

5 

1 7 • 8 

118 

0 

32 (5 

5-3 

7 

.30*2 

15)0 

8 

4 1 

nil 


Table V shows that acid-treated samples 
ate better decolourizing agents. 

(d) Adsorption of Methylene Bine — T0875 
gm. of methylene blue were dissolved in 
water and made up to 1 litre. 75 c.c. of 
this solution were taken, made alkaline 
with 5 c.c. of N/lO-NaOH (methylene blue 
is better adsorbed in alkaline medium ) 
and made up to 100 c.c. ; 50 c.c. portions 
of this solution were taken in bottles con- 
taining different samples. The contents 
were shaken for half an hour in a mechanical 
shaker and allowed to settle. The colour 
of the supernatant was matched with that 
of the remaining 50 c.c. of methylene blue 
solution. The results obtained are shown 
in Table VI. 

It will be seen that the acid-treated 
silt sampler are better adsorbents of eolour. 
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TABLE VI 


Sample 200‘'C. without alkali 2(M)°C. with alkali 


No. 

wt. of 

“ ^ ^ ' 

wt. of 

o/^ 


sample 

(gni.) 

deoolouri- 

7,ation 

sample 

(grw.) 

decolouri- 

zalion 

1 

0-53 

13 0 

0-.52 

160 

2 

0 r>4 

37 • 5 



2 

0 .54 

23-0 

0 52 

60 0 

4 

0-52 

20 ■ 0 



.5 

0-52 

23 0 

0-52 

00 0 


0 54 

23 0 



7 

0-53 

10 0 



8 

0 51 

13 0 




The removal by acid of iron and aluminium 
gives a better porous structure and higher 
specific pore volume irrespective of the 
size of pores, and is more res|K)nsible for 
decolourization. It is also observed that 
electro-positive dyes are more effectively 
adsorbed than electro-negative dyes, 

(e) Decoloilrization of Groundnut Oil 
The decolourization of groundnut oil with 
mixtures of activated clay No. 3 and 
“ clarit was studied. 50 \:.c. of oil were 

shaken with each sample for 25 min. at 
90X., cooled and the colour matched with 
the original oil sample ( Table MI ). 


TABLE VII 

\Vt, of S.VMIM.l ADSORITION (*K 



< OLOI'K 

O ' 5 elay 

25 1 

O' 4 dav 1 

01 rlaiit ) 

20 1 

0 3 flay 1 

.>- 

0-2 clarit ) 

- ' •* 

0-2 clav ) 

0-3 cl.irit 1 

2S • 5 

0- 1 (lav j 

0-4 clarit J 

2fS ' 0 

O' 5 clarit 

20 S 


It will be seen that there is a slight 
increase in the percentage adsorption in 
the initial stages which reaches a maxi- 
mum, and then there is a slight downward 
trend. 

Discussion 

The above results show' that the adsorp- 
tion property displayed by activated cla\' 
varies with the nature of the substance to be 
adsorbed. It is also seen that while acid- 


treated silt, which has been previously 
treated with alkali, is a good adsorbent of 
colour, the simple alkali-treated clay Ls a 
good adsorbent of acetic acid. Here the 
aluminium oxide and ferric oxide are 
effectively removed. These perhaps play an 
important role. It is, therefore, difficult 
to hold that in the case of acetic acid 
ad.sorj)tion the removal of alumina and iron 
oxide is necessary. Humus may choke 
up |K)re spaces and so hinder adsorption, 
but alumina and iron oxide, which form a 
lyophobic suspension and are easi1\' preci- 
pitated by an electrolyte, may ndi do so. 
But, for colour adsorption from caramel 
solution, which takes place better in an 
acid medium, there may be dissolution of 
some iron present in the clay and thus 
impart colour to tlie solution. Hence, the 
presence of iron oxide is undesirable. It 
is not clearly known wiiat part alumina 
jtlays in such cases. 

From these ('onsiderations it may be held 
that the ])rocess of activation must vary 
with the purpose for which the clay is to 
be used. Further, though by the removal 
of humus and sescjuioxides the pore space 
is increased, the size of these pores are not 
knowm. For viscous substances a fine 
capillary is inactive, while for a non-viscid 
substance the same pore S|)a('e may be 
active. Determination of the pore space 
does not lead to any definite conclusion. 
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A Note on Infra-red Radiation 
Treatment of Paddy 


D. K. CHOUDHURY_& B. K. MUKHERJEE 

Department of Applied Chemistry, University College of 
Science & Technolo^, Calcutta 


A bout 60 per cent of the rice con- 
sumed in India is par-boiled. The 
par-boiling process as practised in 
the country is not standardized. 
The drying of treated paddy, for instance, 
has not received sufficient attention, and 
sun-drying, which is widely followed, is 
time consuming, and does not lend itself to 
control. There is also the risk of infection 
by putrefying organisms and the develop- 
ment of objectionable odour in the finished 
rice. The moisture content of cured paddy 
also is an important criterion in husking 
without damage, and has to be controlled. 

By shortening the period, and improving 
the technique of drying cured paddy, the 
objectionable odour in par-boiled rice can 
be eliminated and the husking process 
improved. 

The present investigation relates to a 
comparative §tudy of the water soluble 
vitamins ( B Group ), odour, colour and swell- 
ing number of samples of par-boiled rice ob- 
tained from cured paddy dried by exposure 
to (1) sun, and (2) infra-red radiation. 

Experimental 

A variety of aman rice [Bhasamanik) 
was used for this investigation. The equip- 
ment used for infra-red exposure consisted 
of an oven, enclosed on the sides, with top 
opening for ventilation, and provided with 
2 units in series ( dull emitters ), one above 
and one below a wire rack on which the 
material to be dried is spread. The standard 
rating of each unit is 700 W and the wave- 
length emitted is 40,000A. The heating 
chamber is totally reflective. The oven 
can be worked either with both lamps on 
or with one. 

3,000 gm. of paddy were steeped in 6 
litres of water and then boiled in the steep. 
The details of treatment are given in Table I . 

Portions of the treated paddy were dried 
by sun-dfying and by infra-red radiation. 



TABLE 

I 


I'emp. of 

Duration of 

Temp. 

Duration 

STEEP, 

STEEP, 

DURING 

OF BOILING, 

"C. 

HR. 

PAR-BOILING, 

HR. 



'’C. 


35 

24 

80 

1-25 

35 

72 

80 

10 


TABLE II — RICE PROM PADDY DRIED 
IMMEDIATELY AFTER PAR-BOILING 



Steeped for 

24 HR. followed 
BV 1-25 HR. 

BOILING 

Steeped for 

72 HR. followed 

BV 1 HR. 
BOILING 

/V 







Sun- 

Infra-red 

Sun- 

Infra- red 


drying 

drying 

drying 

drying 

Thiamin content, 

1 >88 

1-85 

1-78 

17e 

{4gm./gm. 

Nicotinic acid content, 

31 • 89 

3180 

3M5 

309 

|Jtgin./gm. 

Swelling number 

270 

2«7 

268 

260 

Drying time, hr. 

12 

2-25 

12-5 

2 35 

Filial moisture content, 

11 

10 

10 

10 

per cent 

Colour 

reddiiih 

reddish 

cream 

cream 

Odour 

slight 

faint 

prominent 

faint 

.\verage temperature of 

45 

70 

44 

77 


grains during dry- 
ing,^ "C. * 


TABLE III — RICE FROM PADDY LEFT t^OR TWO 
DAYS AFTER PAR-BOILING BEFORE DRYING 

Steeped for Steeped for 
24 HR. FOLLOWED 72 HR. FOLLOWED 
BV 1-25 HR. BV 1 HR. 

BOILING BOILING 





r • — — 



Sun- 

Infra-red 

Sun- 

Infra-red 


dried 


dried 


Thiamin content, 

1-8 

1-78 

1-76 

1*73 

Hmg./gm. 
Niacin content, 

30 <4 

30 05 

29-8 

29*4 

fimg./gm. 
Swelling number 

263 

260 

201 

262 

Drying time, hr. 

11 

2 

11*50 

2*08 

Final moisture content, 11 

10 

11*25 

10*5 

per cent 

Colour 





reddish 

reddish 

reddish 

reddish 

Odour 

prominent 

slight 

objec- 

tionable 

prominent 


TABLE IV 


' 

ThllMin, t4gm./gm. 


0*78 


Niacin, 

Ugm./gra. 


21*7 


Swelling number 


870 


Colour 



cream 


Odour 



nil 
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The drying time required to bring down 
the moisture content to the air-dried level 
( 10 per cent ) was noted in each case. 

The dried samples were husked in a 
laboratory mill, and thiamin^, nicotinic 
acid^, and swelling number^ determined. 
The results are shown in Tables II and III. 

The characteristics of raw milled rice 
obtained from the same paddy are given 
in Table IV. 

It will be observed that infra-red radiation 
reduces the period of drying to a consider- 
able extent without lowering the vitamin 
value. The space required for drying is 
also much smaller tlian in sun drying. 


The adoption of radiant drying in par- 
boiling process may help to eliminate the 
boiling or wet-heating stage, if the steeping 
is carried out with water at a higher 
temperature. 

The authors are grateful to Mr. P. B. Sen 
for his kind encouragement and helpful 
guidance during the progress of the work. 
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A Simple Volumenometer 


E. J. V E R G H E S E 
Agricultural Research Institute, Coimbatore 


ETERMINATIOX of the volume of 
powders like rice flour, powdered 
coffee, cement, etc. by displacement 
methods are often vitiated by the 
solution effects of the displacing liquids. 
Difficulties of this type have been overcome 
by the use of volumenometers : Blyth and 
Blyth^ Francis and Oxnard^, Binnington 
et al.^, Reilly and Rae^ among others. 

With regard to rice, Kondo'^ and Kondo 
and Okamura® determined the volume of 
raw and cooked rice by water displacement. 
Srinivasan and Mudaliar" improvised an 
improved dilatometer for the same purpose. 
Verghesc®, during the course of an investi- 
gation on quality in rice, felt the necessity 
for measuring the volume of rice, raw and 
cooked, and of rice flour out of contact with 
water or other displacing liquids and the 
apparatus detailed in this paper was conse- 
quently devised. 

The Volumenometer — (A) The volumeno- 
meter bottle is a jam jar, 200-300 c.c. 
capacity, (B) a rubber washer and (C) the 
inner lid. A short length (6-9 inches) 
of a narrow metal tube is soldered air-tight 
over a suitable aperture cut in the centre 
of (C). The tube then passes through an 
opening cut on the collar-like outside lid 
of the jar so that when the jar is closed and 
the collar tightly scr^^wed on, the bottle is 


connected to outside air only through the 
metal tube (D). 

The metal tube (D) is connected by a 
bent capillary tube (F) to a 100 c.c. pipette 
bent as shown and fixed to a wooden board 
by clips. Prior to being fitted upon the 
board, two marks (Gj) and (Gg) are made 
on the straight end portions of the pipette 
and the volume of the tube in between 
these two marks established by determining 
the weight of water contained therein at 
room temperature. The lower end of the 
pipette is connected by rubber tubing to 
a y piece (H). The other two ends of the 
y piece are connected to a manometer. 
This is formed by a gla.ss tube (I) fixed on 
the board and a rubber tube (J) attached 
to a reservoir of mercury (K). Readings of 
the manometer are made on the scale (L) 
screwed on to the board. Two meter 
scales are placed end to end so that their 
zero points coincide. On one side of the 
scale are the straight end portions of the 
pipette tube and on the other the glass tube 
arm of the manometer. 

(M) is a small bottle containing a known 
volume of distilled water, a provision for 
creating aqueous tension of saturated water 
vapour when the apparatus is in use. 

Volume of the Volumenometer Bottle — This 
is determined as follows : 
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Fig. I — A simple volumenometer. 


Step I — To start with, the mercury 
reservoir is raised or lowered until the 
pipette tube is about half filled with 
mercury — approximately at position N- 
Nj-Ng, The reservoir is clamped in this 
position for a while. When the mercury 
level at is constant, the volumenometer 
bottle is attached and closed air-tight. 
A certain mass of air is thus enclosed at 
room temperature and atmospheric pressure. 

Step II '■ — The .Mi^^voir is then lowered 
until the mercuryp^el stknds at the mark 
Gj of the pipette. The enclosed air ^thus 
expands in volume and consequently there 
is a fall in pressure. The difference in pres- 
sure is noted. The reservoir is again raised to 
its initial position and once more brought 
down and a second reading of pressure made. 
The avetjage of the two readings is taken 
for calculatibn. Let the difference in pres- 
sure be Pj. Then, the room temperature re- 
maining constant, according to Boyle's Law, 


(V-f-V,) (B-~P,- W)-K (1) 

Where 

V = volume of the volumenometer bottle, i.e. vol- 
ume of air contained in the bottle plus the con- 
' necting tube up to the mark Gj of the pipette 
Vj~ volume of the pipette tube™ volume from 
mark G, to Gj 

barometric pressure at room temperature 
P = difference in pressure due to the rarefication 
W' — tension of saturated water vapour at room 
temperature 

Step III — The reservoir is then raised 
to the upper mark Gg. The enclosed air 
is compressed and hence the mercury level 
in the manometer tube rises. The increase 
in pressure is noted. The reservoir is again 
brought down, then raised to the mark 
Gg and another reading for increase in 
pressure taken. The average of the two 
readings is noted. Let this be Pg. Then 

V(B+I%™\V)-K (2) 

From equations (1) and (2). we get 

(V+V,) (B-P,.™W)- V(B-fP,-W) (3) 

or 

V Vi (B-P, V\0 

^ P. 

P]’ ^2 already known. B is read 
on a standard barometer fitted up in the 
same room and W is read from tables. 
V can then be calculated. A number of 
separate determinations are made and the 
average value taken as the volume of the 

bottle. The results of two sets of deter- 

minations are given in Tables I and IT. 


TABLE I ™ VOLUME OF VOLUMENOMETER 
BOTTLE NO. I 


100 

72-510 

• 0505 

9-40 

8-5 

230-5 

KM) 

72-475 

.‘)-05rt5 

7 10 

115 

220-2 

KM) 

72-400 

4 (M)07 

1 1 - 40 

11-4 

221-4 

100 

72 410 

;i 1)5«0 

7 - 50 

10 9 

221-2 

KM) 

72-500 

2 - 1)240 

4-90 

14 4 

229-9 

KM) 

72-450 

2 -8045 

2 • 25 

10-25 

231*4 

TOO 

72-500 

2 2045 

7 45 

1 1 05 

231 1 





Avkrage 

220 • 8 

TABLE 11 

VOLUME OF VOLUMENOMETER 


BOTTLE NO. 2 




W 


P. 

P,+P-i 

r.c. 

100 

72-595 

3-5760 

12-45 

15 K) 

205 3 

KK) 

72 730 

2 7410 

12-46 

15-04 

205 • 5 

100 

72-5.50 

2-6165 

12 25 

15-25 

205-2 

KM) 

72-085 

2 -9441 

12-98 

14-20 

205-9 

100 

72-385 

2-4761 

13-28 

15 -.55 

205-7 

100 

72-620 

3-0479 

12; 75 

15-02 

204 - 9 

KM) 

72-350 

.2 -0480 

12-85 

14 -.58 

205-8 

KM) 


2 1KM) 

12-90 

14-50 

205-6 

KM) 

72-460 

,1 0121 

13-(M) 

14 45 

205-6 

100 

72 480 

2-9782 

13-20 

13-98 

206 0 

100 

72-085 

2-0479 

11-48 

17-00 

205-6 

100 

72-890 

2-7290 

11 25 

17-47 

AVIvAAOR 

205-2 
. 205-6 
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TABLE 

I I I 


No. 

WTight 


X'Ol.lTMt 


GM. 

( 





Raw, 

Cooked*, 



c.c. 

c.c. 

1 

20 

13 

31 1 


20 

1.^0 

31 ■ 1 


20 

140 

32 •« 

4 

20 

l.'i 4 

31 (1 

r» 


14 a 

40 4 

r> 


1 4 • 0 

30 a 

7 

^ 20 

14 3 

30-8 

H 

20 

14 (1 

30 2 


20 

14 7 

31 1 

lu 

20 

14 0 

31 1 

11 

20 

1 4 • (’) 

33 2 

12 

20 

14 S 

3.^>0 

n 

20 

l."» (1 

34 • 3 

14 

20 

14 (I 

33(; 

1 

20 

14 1 

33 8 

\i\ 

20 

14 (i 

3:» 7 

17 

20 

1 4 (i 

30 • S 

IH 

20 

14 S 

37 3 

HI 

20 

14 0 

37 1 

2(1 

20 

14 S 

38 2 

21 

20 

1 3 0 

37 0 

22 

20 

13-7 

38 0 

22 

20 

14-3 

30 2 

24 

20 

141 

30 1 

2.^> 

20 

14 1 

40-2 

2(> 

20 

1 4 3 

44 4 

27 

20 

14 3 

412 

2S 

20 

14 3 

.'»4 

211 

20 

142 

.■)3 0 

3(1 

20 

14 0 

.a4 0 

31 

20 

147 

.T 1 • 8 

32 

2 ( 1 

1 4 .*> 

r»7 • 7 

33 


14 0 

07 7 

34 

20 

1 4 (i 

03 1 

3.". 


14 0 

0(1 0 

36 

2(1 

14 0 

.'lO 1 

37 

20 

14 4 

.“►3 2 

3S 

20 

1 .3 ■ S 

07 4 

3tl 

20 

13 *) 

00 1 

40 

20 

14 1 

00 7 

41 

20 

14 7 

000 

42 

20 

13 0 

04 • 0 


• After reading' tlw voluine in tlio vohmieiioiiictcr, the riec 
is c»X)kcd for different intervals of time and the vohiiue of 
cooked rice determined. The results are giva*n in column 4. 


Volume of Sample ~~T\\q sample of rice 
or any other material, tlie \'oIume of which 
is to be (letennined, is carefully introduced 
into the volumenometer bottle at step I 
before it is clamped and closed air-tiglit. 
Stej>s II and III are repeated just as before. 
In other words tlie volume of the volumeno- 
meter bottle is once more determined. The 
difference in the two determinations will 
give the volume of the sample. 


Letters 


CHEMICAL EXAMINATION OF THE 
LATEX FROM EUPHORBIA 
TIRUCALLI 


Karimullah and Dutta^ reported the 
isolation of a crystalline ketone from the 
dried latex of Euphorbia: tirucaUi. Karim- 


The accuracy of the apparatus was tested 
by estimating the volume of known weights 
of glass beads, lead shots, etc. Results 
obtained were concordant. 

During the last six years, several 
hundreds of samples of rice were examined 
for the gain in volume on cooking by the 
method detailed above. Results of the 
volume measurements of forty-two 20 grn. 
alupiot portions of a uniformly grained sample 
of hand-pounded rice GEB 24 are given 
in column (3) of Table III. A .statistical 
analysis of the data gave a low' Standard 
deviation, 0-41 , and a low coefficf mt of 
variation 2*84, te.stilying to the reliability 
and accuracy of the method. 
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to the Editor 


ullah and Gopalachari‘^ subsequently named 
this ketone euphoron, (" 3 ^ 144 ^ 0 , and showed 
that it forms the main crystalline consti- 
tuent of the dried latex. 

Working on a sample of the fresh latex 
of Euphorbia tirucalli recently received 
from South India in a sealed tin, a new 
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crystalline substance has been isolated in 
a yield of 5 per cent ( on the weight of dry 
matter ) in place of the ketone isolated 
earlier ( loc. cit. ). This substance is an al- 
cohol, m.p. , 1 1 8®- 1 1 9®C. , l a] V’ ® = + 36* 5 which 
analyses for the formula C30H50O ( found : 
C, 84 0 ; H, 1 1*94 ; calculated for C30H50O ; C, 
84*41 ; H, 11*74 ) and has been provisionally 


of the two bhrneols from camphor by 
reduction with sodium and alcohol. 

Results of further studies in the consti- 
tution of euphoron and the various products 
derived from it are being communicated 
in a separate paper^. The relationship 
between these products and euphoron may 
be represented as follows : 



named tso-euphorol. It is isomeric with 
euphorol, C30H50O, m.p., 108®.109X., 

= -f24, obtained from euphoron by reduc- 
tion with sodium and moist ether®. Its 
acetyl derivative as well as the product 
of its catalytic reduction are identical 
with euphorol acetate, CgjHjjOa, m.p,, 107®- 
108®C., and dthydro euphorol, CjoHaaO, m.p., 
122°-123®C, respectively. Euphorol acetate, 
on hydrolysis with N/10 alcoholic potash, 
yields a crystalline product from which 
both euphorol and iso-euphorol have been 
obtained by fractional crystallization. 
Further, it has been noted that when 
euphoron dissolved in the minimum quantity 
of moist ether is reduced with a large excess 
of sodium, the resultant product gives, 
after a series of fractional crystallizations, 
euphorol as the major fraction of the total 
crystallizate, and a small quantity { 2 p^ 
cent) of a substaWjpe which melts at 118®- 
119®C., shows no depression in m.p. when 
mixed with Vso-euphorol and gives euphorol 
ace^te on treatment with acetic anhydride. 
It would thus appear that zso-euphorol is 
also produced along with euphorol in the 
reduction of euphoron with sodium and 
moist ether and that these two alcohols are 
stereo-isomerides derived from the same 
ket^pne euphorom The formation of these 
isorneric alcohols in the reduction of eu- 
phordh is somewhat similar to the formation 
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OCCURRENCE & UTILIZATION OF 
VANADIUM-BEARING IRON ORE 
IN BIHAR 

Over a stretch of 30 mil'es from Bariar- 
pur railway station ( Sahibganj Loop, E.I.R. ) 
running more or less along the Monghyr- 
Jamooee Road, up to the Jamooee railway 
station ( E.I.R. Main Line ) and close to 
the eastern slopes of the hills lie partially 
smelted vankdium4)earing iron ore deposits. 
They are concentrated at Mainma Tal neai^ 
the Abhaipur railway station. Large dumps 
are seen at Khotadih and Bhaduridih and 
Kharagpur Lake in the low-lying fields. 
At Ghorakhpur, Pankul, Lakhon Sukhmaria/ 
Kusmaha, Jogti, Kadarkol and Kauba, they 
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occur in hilly regions. The first is easily 
accessible from Shampur, and the others 
from Bharhat, 5 miles east of the Jamooee 
railway station. The ore bodies appear 
to be associated with schists at the out-crop 
near the village Nauagarhi, 5 miles west 
of Monghyr, and lie in dumps near the 
mine^ worked long ago. These can be work- 
ed side by side with the dumps. However, 
the dumps are large enough to give all the 
mineral required for several years to come. 

Partially smelted ore bodies have been 
also observed about 70 miles from this 
zone at Ranijharna close to the village 
Lohsingha in the Banka sub-division of 
Bhagalpur district. The present investi- 
gations are confined to Benaili Zamindari 
only, but similar ores may occur in the 
areas of other zamindaris, particularly, the 
Lachmipore Zamindari. 

Analysis of a representative sample of 
the ore from Benaili Zamindari gave the 


following results : 

SiO, 

26 60 per 

A1,0, 

12 67 

FcjOj 

56 67 

TiO, 

0-71 

MnO, 

1-95 

vp.. 

O-l-C-5 

Undetermined 

1-45-0 95 


On the basis of this analysis, the following 
conclusions appear justified: (1) the vana- 
dium content of the ore is not high enough 
to hold out prospects for the extraction of 
vanadium oxide ; (2) direct manufacture 
of suitable alloys from the ore by suitable 
treatment is a feasible alternative. The 
titanium content of the ore is low and is 
unlikely to interfere witli the smooth work- 
ing of the blast furnace ; it can be removed 
easily along with the slag. The vanadium 
content is high enough to produce the desired 
alloys ( vanadium steels contain VgOg 
varying from OTl to 018); (3) the silica 
( 26*6 per cent ) can be removed completely 
during the smelting operation. The 
elimination of silica raises the vanadium 
content by 26*6 per cent. 

A careful survey of the whole area has 
to be made and further samples have to be 
analysed in order to establish the suitability 
of the ore for the direct manufacture of 
vanadium steels. Jamalpur is a convenient 
site for erecting the smelting furnaces. 
The nearest dump is 6 miles away from it 
and cheap power is available for running 
electric furnaces. 

Bhagalpur A. N. Chowla 

April if), 1949 


IONOSPHERIC ABNORMALITIES 
DURING SOLAR DISTURBANCES 

Ix COURSE OF OUR ROUTINE OBSERVATIONS 
on ionosphere carried out at Calcutta, 
certain abnormal characteristics of the E 
and the F regions have been observed since 
the middle of January 1949. These appear 
to be related to tlie pronounced increase 
in sun-spot activit\’ noticed since the same 
time. The purpose of the present note 
is to record the salient features of these 
ionospheric abnormalities. 

The days in which the al normal 
disturbances occurred were more frequent 
in February than in January. The disturbed 
days in January were: 17, 18, 20, 21, 26 
and 27. In February almost all the days 
throughout the month excepting those in 
the first week were found to be disturbed. 
On January 26 and on February 16, the 
disturbances were very pronounced and 
W'ere accompanied by radio fade-outs. The 
other days were only moderately disturbed. 

During the days of moderate disturbance, 
the ionospheric characteristics showed ab- 
normal variations, but reflections could be 
obtained throughout the hours of obser- 
vations. The general nature of variations 
during such days was as follows : the 
ionization of region E increased abnormally, 
specially in the afternoon and in the early 
part of the night. The ionization of region 
Fj during daytime did not deviate appre- 
ciably from the normal trend, but the 
values of ( vertical semi-thickness of 
the layer assuming parabolic distribution 
of ionization ) and h^nax ( height of maxi- 
mum ionization ) were found to be higher 
than normal. At night, however, the ioni- 
zation of this region attained abnormally 
high values while the values of Vm and 
hmax came down nearly to normal. 

During days of pronounced disturbance, 
January 26 and February 16. the abnormal- 
ities were very great, so much so that 
during certain periods reflections from all 
ionospheric layers ceased altogether. In 
other words, fade-outs occurred. The nature 
of variations on these days for the different 
ionospheric regions is discussed below. 

On January 26, the ionization of region 
E suddenly began to increase from 10.45 hr. 
and very high frequencies were reflected 
from this region. Reflections from region 
Fj could not be observed from 11.00 hr. 
On the low frequency side, reflections could 
not be obtained on frequencies on which 



132 


journal of scientific. & INDUSTRIAL RESEARCH { Vol. VIUB, No. 7 



Fig. 1 — Variation of the critical penetra- 
tion FREQUENCY OF REGIONS K AND F, ( BOTTOM 
CURVE ) AND or THE THICKNESS AND HEIGHT OF 
MAXIMUM IONIZATION OF REGION F, ( TOP CURVE ) 
ON NORMAL DAYS IN JANUARY 1949 (CONTINUOUS 
LINE CURVE ) AND ON THE DAY OF FADE-OUT ( BRO- 
KEN LINE CURVE ). On THE DAY OF FADE-OUT 

( 26th January), reflections from rfxuon 
STOPPED AT 1 1 .00 hr, AND REAPPEARED AT 1 1 .30 HR. 
Reflections from region E stopped at 11.12 hr. 
AND REAFPEAR|D AT 12.12 HR. 

E region reflections are normally obtained. 
Evidently this was due to the formation 
of a strongly absorbing lower (D) region. 
About 12 minutes later all reflections 
ceased. This complete fade-out lasted for 
about 24 minutes, and reflections began 
to reappear first from region Eg at 11.30 hr, 
and then from region E at 12.12 hr, 
(Fig. 1). 

On February 16, the ionization of region 
E suddenly began to increase abnormally 
from about mid-day, and at 13 06 hr. reflee^^ 
tions from region F^ could not be obtained. 
At .13,30 hr. reflections frbm both the 
regions ceased altogether. This fade-out 
lasted for one hour and a half. Echoes 
were agait^ obtaij|^j|i first from region F* 
at 15.0} hr. anl^lim from region E at 
17.00 hr. ( Fig. ^ 

On both tl|e days, just before the fade- 
out of Fj region reflections, th^ ionization 
of this rie^n b^n to decree while 

both increased enc^rmpusly till 
re%cticms from this rfeg^ ceased altogether 



Fig. 2 — The curves depict similar variation 
AS for Fig. 1. Continuous curve for normal 
days, February 1949. Broken line curves 
FOR February 16, 1949, on which fade-out 

OCCURRED. 

(Figs. 1 and 2). The frequencies which 
were normally returned from this .region 
were then found to be reflected from E 
region heights. 

About 7 to 8 hr. after the fade-out, 
the ionization of region F^ began to increase 
steadily and on both the days attained a 
maximum value round about midnight. 
This value was found to be almost 200 per 
cent of the normal value. About 2 to 3 hr. 
after the fade-out, the intensity of the 
reflections began to increase steadily suggest- 
ing the gradual disappearance of the strongly 
absorbing D region. During the nights 
following the disturbed days, region E ioni- 
zation was found to be abnormal ( Figs. 1 
and 2 ). . 

Investigations described above form part 
of the programme of the Radio Research 
Committee of the Council of ScienMfic & 
Industrial Research, Government of India, 
and have been carried out in the Ionosphere 
Laboratory of Prof. S. K. Mitra. . 

S. S. BaraL 
~ ^ R. K. Mitka 

Ionosphere Laboratory 

University College of; Science , CdlcuUn 

May n, 1949 ^ ^ 
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The Analytical Uses of 
Dithiocarbamido- hydrazine 

J. GUPTA & B. CHAKRABARTTY « 

National Chemical Laboratories, University Buildings, Delhi & 
University College of Science, Calcutta 


A NUMBER of sixlphur-containing or- 
ganic compounds are now known 
to give deeply coloured complexes 
with bismuth. Mention may be 
made of thiourea*, dimercaptothiodiazole*, 
diethyl dithio-carbamate*, and dithizone*, 
based on which methods have been developed 
by different workers to estimate bismuth 
colorimetrically when the coloured com- 
plexes are soluble either in water or in sol- 
vents like chloroform or carbon tetrachloride, 
or by peptization in aqueous solutions if the 
complex is insoluble. 

The colour which solutions containing 
bismuth develop with thiourea, a reagent 
which commends itself as one of the simplest 
and easily available among organic sulphur 
compound, is largely dependent on the con- 
centration of the reagent and other factors, 
and was for a long time regarded as unsuitable 
for colorimetry, until Mahr* found the limited 
range of working conditions in which the 
reaction could be useful. 

The present work relates to some analy- 
tical applications of the compound dithio- 
carbamido-hydrazine, a simple derivative of 
thiourea on which no work appears to have 
been done, though some complex derivatives 
of thiourea have been examined. Some 
characteristic reactions of the compound 
with metallic cations are now noted and the 
possibility of utilizing them for quantitative 
estimation of metals and of their separation 
from analogous cations from which separa- 
tion by the classical methods is known to be 
difficult, is examined. 

A summary of the characteristic reactions 
observed with some of Uie commoner metals 
is given in TaliAe I. - 


TABLE I 


Metallic 

ION IN 
SOLUTION 


Reactions with the reagent 

In acid In neutral In ammoniacal 

solution solution solution 


Ag + 

Bi + + + 
Cd+ + 

Co+ + 

Cu+ + 
Hg,+ + 
Hg+ + 

Ni+ + 

Pb+ + 

Zn+ + 


White heavy White ppt. 

bulky ppt.» 
darkens on strong 
heating. Insol. in 
acetic acid. 

Quantitative 


Brown, heavy, 
bulky ppt. 
Quantitative 


Deep yellow 
colouration. 


No ppt. 

No ppt. 

No ppt. 

Fine-grained, 
white ppt., dis- 
solves in acetic 
acid. Quanti- 
tative 

No ppt. 

No ppt. 

Brownt volumi- 
nous, heavy, 
ppt., dissolves 
in acetic acid. 
Quantitative 

White, granular, 
heavy ppt. 

Black, fine- 
grained ppt., 
insol. in acetic 
acid. Quanti- 
tative 

Black ppt. 

Black, granular, 
heavy ppt., in- 
sol. in acetic 
acid. Quantita- 
tive 

Black ppt. 


White, granular, 
heavy ppt., in- 
sol. in acetic 
acid. Quantita- 
tive 

White ppt. 


No ppt. 

No ppt. 

Chocolate brown, 
voluminous, 
heavy ppt., dis- 
solves in acetic 
acid. Quantita- 
tive 

No ppt. 

Yellow, granular, 
heavy ppt., dis- 
solves in acetic 
acid. Quanti- 
tative^ 


No ppt. 

No ppt. 

White, granular 
ppt.,. dissolves 
in acetic add. 


Quantitative 
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The similarity of the reagent with thiourea 
and the thiocyanates is evident from the 
observations recorded in Table L The 
black compound of copper obtained from 
acetic acid solution is strongly paramagnetic 
and is presumably the cupric derivative. 
The white compound obtained from strongly 
acidic solutions is, on the other hand, dia- 
magnetic, and is thus a cuprous compound. 
Both precipitations are quantitative, but the 
white granular cuprous compound settles and 
filters easily and is thus more useful from the 
analytical point of view. Estimation by 
direct weighing of the precipitates was not 
possible, because neither of them bears a 
constant composition. They were decom- 
posed by nitric acid and the copper titrated 
iodometrically. The cadmium complex, 
soluble in acids but insoluble in ammonia, 
also settles and filters easily, showing no 
signs of oxidation, but had to be decomposed 
and weighed as CdS 04 , A complete separa- 
tion of copper from cadmium was effected by 
a single precipitation of the cuprous deriva- 
tive from strongly acid solutions, and preci- 
pitating the cadmium complex from the 
filtrate by rendering it ammoniacal in 
presence of a sufficient quantity of the 
reagent. 

Bismuth gives an yellow colour with the 
reagent stable below an acid concentration' 
of 0-03N, turning turbid on long keep- 
ing. The depths of colour with varying 
concentrations of bismuth were examined and 
found to be proportional, and independent 
of the amount of reagent present in excess. 
The range from 40 mg. to 0-4 mg. Bi per 
25 c.c. has been followed by three sets of 
standards. 

Experimental 

The reagent was prepargdl^y the method 
of Freund and Wischewia|isky® in the form 
of white needPlBhaped crystals froin hydra- 
zine sulphate and ammonium sul- 

phocyanide ( i* gil!). .The crystals were re- 
crystallized from hot w^fer ( m.p., 208°- 
210°C., yield 5-6 gin.). ^Iphur was deter- 
mined by peroxide fusion ( found : S, 
43-23 per cent ; C 2 H 0 N 4 SJ requires : S, 42-66 
per cent ). 

Cupric DithiocSkbamido'hydrazine — This 
was prepared in the form of a fine, black 
powder from a solution of copper sulphate 
( 1 mol. I and dlthiocarbamido-hydrazine 
{ 1 mol. ), the tatter being added to a solution 
pf ebpper sulphate containing 2 c.c. of glacial 
acetic acid per WO c.c, of solution. Precipi- 


tation was carried out from warm solution 
with constant stirring using a slight excess 
of a 2 per cent solution of the reagent. The 
product was thoroughly washed with warm 
water containing a few drops of dilute acetic 
acid ; dried in air and finally in a vacuum 
desiccator. Copper was estimated iodometri- 
cally after decomposition by concentrat- 
ed nitric acid. Sulphur was estimated 
by peroxide fusion method ( found : Cu, 

27- 30; S, 28-55; Cu : S: : 1-00: 2-07; 
C 2 H 4 N 4 S 2 CU.H 2 O requires : Cu, 27-70 ; S, 

28- 00 per cent). 

The substance was paramagnetic. The 
gram-molecular susceptibility, found with 
a magnetic balance of the Giioy type, was 
found to be 1-41 Bohr's magneton, without 
diamagnetic correction for the constituents 
( /= 8-8 cm., te>=0-2708g, Az£^=S-97 mg., 
^mAx ==10-4x10® gauss). 

Cuprous Dithiocarhamido’hydrazine — This 
was obtained as a white precipitate by add- 
ing a 2 per cent solution of the reagent to a 
warm solution of copper sulphate in 2N 
hydrochloric acid containing 1 gm. of sodium 
sulphite for every gram of copper. The pre- 
cipitate was filtered through a Buchner 
funnel and washed with warm water contain- 
ing a few drops of dilute hydrochloric acid. 
The free acid was finally removed by washing 
with absolute alcohol. 

The product dried in a vacuum desiccator 
contains an appreciable quantity of free 
sulphur which could be isolated by extrac- 
tion with carbon disulphide. 

The substance was examined in a Curie 
balance and found to be diamagnetic. 

Cadmium Dithiocarbamido^ydrazine — 
Cadmium is precipitated quantitatively as a 
white fine-grained powder from ammoniacal 
solutions by the reagent. The reagent was 
first added to an acidic solution of the cad- 
mium salt which was subsequently made 
ammoniacal by dropwise addition of . strong 
ammonia with constant stirring. The product 
after washing with water and drying in a 
vacuum desiccator to constant weight was 
analysed. Cadmium was estimated as sul- 
phate by decomposition with concentrated 
nitric and sulphuric acids, and sulphur was 
estimated by peroxide fusion ( found : Cd, 
40-85 per cent, S, 25-4 per cent ; Cd : S : : 
1-0: 2*17). The compound was found un- 
suitable, fqr estimation of cadmium by direct 
weighing. 

Estimation of Copper — The black cupric 
compound was precipitated from a warm 
solution acidified witL 2 c.c. glacial acetic 
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acid per 100 c.c. of the liquid with a freshly 
prepared 2 per cent solution of the reagent. 
The precipitate, after settling for sometime 
on the water-bath was filtered and washed 
with warm water containing a few drops of 
dilute acetic acid. It was then decomposed 
with concentrated nitric acid and estimated 
iodometrically. The results are given in 
Table II. 


Copper 

TABLE II 

Copper 

Error 

TAKEN 

FOUND 


GM. 

GM. 


0 1401 

0 1403 

+ 0 0002 

0 0033 

0 0980 

-0 0003 

O' 0200 

O' 0202 

+0 0002 

0 0700 

O' 0696 

-0 0004 


The white cuprous compound is a heavy 
granular precipitate and more suitable for 
analytical work. It was obtained by preci- 
pitating a hot solution of copper containing 
one-fifth of its volume of concentrated hydro- 
chloric acid and 1 gm. of sodium sulphite. 
The liquid filters rapidly and the precipitate, 
after thorough washing with hot acidulated 
water, was decomposed with concentrated 
nitric acid and the copper estimated iodo- 
metrically. On long standing, the precipi- 
tate has a tendency to turn grey. The 
results are given in Table III. 


Copper 

TABLE III 

Copper 

Error 

taken 

FOUND 


GM. 

GM. 


01120 

0 1116 

-0 0004 

O' 0467 

O' 0466 

-O' 0001 

O' 1401 

O' 1402 

+0-0001 

0-2102 

0-2096 

-O' 0006 

O' 0560 

0-0562 

+ 0 0002 


Separation of Copper from Iron — Copper 
was precipitated from 2N hydrochloric acid 
solution as previously described. The fil- 
trate was oxidized with bromine water and 
iron precipitated as hydroxide with ammonia 
and ignited to oxide. The results are given 
in Table IV. 


TABLE IV 


Copper 

taken 

GM. 

Iron 

taken 

GM. 

Copper 

FOUND 

GM. 

Error 

Ikon 

FOUND 

Error 

O' 1455 

0-0030 

01452 

-0-0004 

O' 0031 

+0-0001 

0-2182 

O' 0279 

0-2176 

-0-0006 

O' 0280 

+0 0001 

0-2010 

O' 0557 

0-2905 

-0-0005 

0-05.54 

-O' 0003 

0-1455 

0-1446 

O' 1457 

+0 0002 

0-1486 

-0-0004 

• 0-0873 

0-8001 

O' 0875 

+0 0002 

0-3900 

-0-0001 

O' 0582 

0-5574 

O' 058b 

-0-0002 




Separation of Copper from Zinc — Copper 
was separated as the dtiprous complex as 


before, and the zinc was estimated in the 
filtrate after treatment with bromine water 
as zinc ammonium phosphate. The results 
are given in Table V. 




TABLE V 



Copper 

Zinc 

Copper 

Error 

Zinc 

Error 

TAKEN 

TAKEN 

FOUND 


FOUND 


GM. 

GM. 

GM. 


OM. 


0 0291 

0-3129 

0-0289 

-0-0002 

0-3132 

+ 0-0003 

0-2843 

0-0447 

0-2840 

-0-0003 

0-0447 

nil 

0-2843 

0-0223 

0-2846 

+ 0-0003 

0-0222 

-0-0001 

0-0582 

0-2682 

O' 0584 

+ 0-0002 

0-2673 

-0-0004 

0-2010 

O' 0536 

0-2909 

-0-0001 

0-0334 

-O' 0002 

0-1445 

O' 1341 

O' 1452 

-0-0003 

0-1388 

-0-0003 

0-0582 

0-5360 

O' 0581 

-O'OOOl 




Estimation of Cadmium — A slight excess 
of a 2 per cent solution of the reagent was 
added to an acidified solution of the cadmium 
salt followed by dropwise addition of 5N 
ammonia with constant stirring. The heavy 
white precipitate was washed with hot water 
containing a few drops of ammonia. It was 
dried in the oven and decomposed to cad- 
mium sulphate with concentrated nitric 
and sulphuric acids, and weighed as CdS 04 . 
The results are given in Table VI. 

TABLE VI 

Cadmium taken CdSOi obtd. Cadmium found Error 
OM. gm. om, 

0 0804 0 1483 0 0800 -0 0004 

0 0832 0 1540 0 0830 -0 0002 

OHIO 02065 0 1114 +0 0004 

0- 0.555 0 1024 0- 05.52 -0 0003 

0 1665 O' 3090 0 1666 +0 0001 

Separation of Copper from Cadmium — The 
cuprous compound was precipitated from 
2N hydrochloric acid solution and estimated 
iodometricaljy as before. The filtrate, after 
further addition of the reagent, was rendered 
ammoniacal to precipitate the cadmium 
compound which was finally decomposed and 
weighed as CdS 04 . The results are given 
in Table VII. 




TABLE VII 



Copper 

Cadmium 

Copper 

Error 

Cadmium 

Error 

TAKEN 

TAKEN 

FOUND 


FOUND 


GM. 

GM. 

GM. 


GM. 


0-0970 

0-1110 

0-0968 

-0-0002 

0-1107 

-0-(X)03 

0-0200 

0-1110 

0 0201 

+ 0-0001 

0-1106 

-0-0004 

0-0291 

0-1665 

0-0292 

+ 0-(X)01 

0-1666 

+ 0-0001 

0-2910 

0-0277 

0-2909 

-0-0001 

0-0275 

-0-0002 

0-1460 

0-0277 

0-1455 

-0-0005 

0-0274 

-0 0003 

0-2910 

0-0555 

0-2913 

+ 0 0003 

0-0551 

-0-0004 


Colorimetric Estimation of Bismuth — Pure 
bismuth solutions only have been examined 
in the present investigation. Thi^ee standard 
solutions were prepared to cover the whole 
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ran^e of working concentrations from purest 
basic bismuth nitrate freshly recrystallized 
from hot dilute nitric acid. Known volumes 
of standard solutions were evaporated in a 
crucible which was ignited at a low tempe- 
rature and bismuth content determined as 
oxide. Freshly prepared aqueous solutions of 
the recrystallized reagent ( 0*5 per cent ) were 
used, and the colour examined without delay 
in a Helige Duboscq colorimeter. In one set 
of experiments the colour was measured 
in a Lumetron photoelectric colorimeter 


TABLS XI — LUMETRON MEASUREMENTS 


Ctmcentration of standard bismuth solution, 0;674 
rtagsnt used, 10 c.c. of 0'6% solution; total volume 
same in all eases. 



C.C. BISMUTH 
SOLUTION 

% Trans- 
mission 
( Lumetron 
READINGS ) 

O.D.XlO* 

1*0 

100 

0 

1*6 

87 

6 

2*0 

74 

18 

2*5 

64 

10 

8*0 

54*5 

26 

8*5 

46*5 

88 

4*0 

41 

80 

4*5 

86 

44 


TABLE VIII 

Concentration range of bismuth, 40 S6-6-726 me.l2b c.c.; 
concentration of reagent; used, 0*6% ; concentration of standard, 
16*81 mg.lZ& C.C. ; fixed reading <?/ *' unknowns**, 20 0 mm. 


Rbadinos or 

Concentra- 

Actual con- 

standard 

tion OF 

centration 

{ mean op 8 ) 

“ unknowns ” 
BY Beer’s law 

IN mg,/25 c.c. 

IN MG./25 c.c. 

50*50 

42*45 

40*35 

41*74 

85*10 

88*62 

87*50 

81*52 

80*26 

28*08 

27*81 

26*90 

28*72 

24*15 

23*54 

24*40 

20*51 

20*17 

20 06 

16*86 

16*81 

15-68 

13*18 

13*45 

13*40 

11*84 

11*76 

11 25 

9*46 

10*08 

9*10 

7*05 

8*40 

6*80 

6*88 

6*72 


TABLE IX 

Concentration range of bismuth, d ’725-1 345 mg. /25 c.c. ; 
concentration of reagent used, 0*1% ; concentration of standard, 
8*862 mg.(25 c.c. ; fixed reading of unknowns **, 20 0 mm. 


Readings Of 

Concentra- 

Actual con- 

standard 

TION OF 

CENTRATION 

( MEAN OF 8 ) 

UNKNOWNS ” 

BY Beer’s law 
IN MG./26 c.c. 

IN MO./26 c.c. 

41*78 

7*02 

6*72 

87*48 

6*28 

6^06 

88*00 

6*54 

6*88 

28*68 

4*82 

" 4*70 

24*40 

4*10 

4*03 

20*11 

8*87 

3*36 

15*70 

2*63 

2*69 

18*59 

2*28 

2*36 

0*00 

1*51 

1*68 

7*01 

1*17 

1*34 


t ABLE X 

Concentration range of bismuth, 1*845-0 *4085 mt,f7& c.c. ; 
eoncefartUion of reagent used, 0 05% ; coneentroHbn of standard, 
0*6725 mg4^ C.C. ; fixed reading of ** unknowns**, 20*0 mm. 


Readings of 

STANDARD 
( aiSAN O’ 


41*70 
87 20 
88*01 
28*70 
24*41 

16*80 

11*80 


Concentra- 
tion 6f 

* UNICNOWNS ” 

BY Beer’s law 
IN lfG./26 C.C. 

1*40 

1*25 

1*11 

0*06 

0*82 

0*07 

0*60 

0*52 

0*88 


Actual con- 
centration 

IN nq*/05 cx« 


1*84 

1*21 

1*07 

0*64 

0*80 

0*67 

0*60 

0*68 

0*40 



Fig. 1 



EF Tising the blue filter. The results are 
given in Tables VIII, IX, X and XI. 

The results of Tables VIII, IX and X are 
plotted graphically in Fig. 1, and of TaWe XI 
in Fig. 2. llie variation, it will be s^ien, is 
littear.' 
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Summary 

Dithiocarbamido-hydrazine, NHjCSNH. 
NHCSNH,, a simple derivative of thiourea, 
has been found to precipitate copper and 
cadmium quantitatively in acid and ammo- 
niacal solutions respectively, and to give an 
orange-yellow soluble complex with bismuth. 
Methods have been developed for the quanti- 
tative estimations of copper and cadmium, 
the separation of copper from cadmium, iron 
and zinc and for the colorimetric determi- 
nation of bismuth. 
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Base Exchange, Adsorption, Permeability 
& Related Properties of Soils 

M. R. NAYAR & K. P. SHUKLA 
Lucknow University, Lucknow 


Q uantitative relationship exists 
between base exchange capacity 
( B.E.C. ) and the different properties 
of soils, such as adsorption, exchange 
reaction, swelling and permeability. The 
other soil constants affecting these properties 
are the clay content and the nature of the 
exchangeable cation. 

The following is a summary of the main 
results obtained by us and is published 
in the hope that they may be of interest 
to workers on similar lines elsewhere. The 
investigation was originally started at the 
instance of the Irrigation Research Section 
of the U.P. Government, but now dis- 
continued. The details of experiments and 
results have been published in the Govern- 
ment Technical Memoranda, which, however, 
are not easily available to the public. The 
original problem was to find a suitable 
lining material for canal beds to prevent 
losses of water by seepage. The method 
ultimately recommended involved the treat- 
ment of a layer of soils one inch thick with 
sodium carbonate. A cheaper alternative 
was found in the sub^itution of sodium 
carbonate by a layer of the naturally ocur- 


ring alkaline soil or usar, which, in experi- 
mental canals, yielded satisfactory results. 
Our problem was thus the counterpart of 
the problem of the reclamation of alkaline 
soils referred to by Ramdas recently^. 
Both the problems involve the close study 
of the properties and behaviour of different 
kinds of soils from practical and theoretical 
points of view, on which Ramdas and 
collaborators have already contributed a 
large number of papers.* 

Adsorption S' Base Exchange — If a pure 
calcium soil is treated with a solution of 
sodium carbonate, the following equili- 
brium reaction takes place : 

Ca(Z)-f-Na 8 C 03 Naa(Z) + CaC 03 

This equation does not express all the 
significant facts connected with the re- 
action. There is firstly the adsorption of 
sodium carbonate, and secondly there is 

♦ The main observations of Ramdas, especially 
those relating to soils treated with sodium carbon- 
ate and calcium chloride are in conformity with 
our own. The present paper deals only with some 
of the mathematical relationships which we have 
investigated. 
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the base exchange. The two are related 
but not equivalent. As a rule the sodium 
carbonate adsorbed is greater than the 
equivalent of Ca exchanged. Hence the 
two aspects may be treated separately ; the 
first may be termed general adsorption, 
while the second leading to the base exchange 
as exchange adsorption. 

A series of adsorption experiments with 
different strengths of sodium carbonate 
revealed the fact that the adsorption of 
sodium carbonate by soils is governed by 
the well-known Freundlich's adsorption iso- 
therm : 

y = 

where y is the quantity of sodium carbonate 
adsorbed, C the equilibrium concentration, a 
and n, constants. 

A closer study of these two arbitrary 
constants has shown that a'' is a function 
of the most important soil constant, the base 
exchange capacity ( ). The follow- 
ing table illustrates the idea. 


TABLE I 


Soil 

Clay 

Silt 

B.E.C. 

a 

n 

a/B« 

No. 

% 

% 

(B) 




1 

62-48 

89*20 

18*40 

0*0497 

1*110 

28 0xl0“» 

2 

27 <44 

60 25 

14*80 

0*0721 

0*912 

32*6x10“* 

3 

16*63 

28*08 

10*00 

0*0362 

0*810 

35*2x10“* 

4 

600 

18*60 

7*90 

0*0186 

0*816 

29*0x10“* 

6 

27*60 

58*90 

20*52 

0*1360 

0*924 

82*0x10“* 

6 

26*60 

58*00 

11*60 

0*0404 

0*823 

30*0x10“* 

7 

24*63 

44*24 

16*60 

0*0854 

0*924 

81*0x10“* 

8 

21*86 

17*86 

9*88 

0*0308 

0*812 

31*0x10“* 

Q 

26*82 

21*24 

7*11 

0 0160 

0*8?4 

31*7X10“* 


From the last column of the table it is 
evident that a varies as the square of 
B the base exchange capacity, which is 
illustrated graphically in Fig. 1, where the 
relation between "a'' and B '' and that 
between a and B* have been plotted. 
We can now express the Freundlich equation 
in the form : 

y= 31xl0:» B* Ci/« 

in which we have ^iStitutfed the arbitrary 
constant ‘* a'* by a term involving B.E.C. 
The value of ** n " varies within narrow 
limits, i.e. between 0-8 and M, Further 
work is necessary to correlate n '' with other 
characteristic couptants of the soil. 

Exchange Reaction — li is a peculiarity in 
surface ri^ctions that adsorption and ex- 
change do not follow the same laws though 
the two go hand in hand. The adsorption 
curve is a ;^ra6oto, while the exchange curve 
is di, hyperbola. Many attempts have been 
made to give quantitative expressipn to the 


exchange reaction, and a number of equa- 
tions proposed by various workers, of which 
two are ; 

^ Langmuir ) 

(Vageler) 

where x = base exchanged, C = equilibrium 
concentration, I = initial concn., h, b, K, S 
constants. 


RELAH0N BETWEEN a *. B 



Both of these equations contain two arbi- 
trary constants. An attempt to replace one 
of them by the B.E.C. showed the necessity 
of addition of another constant, but the new 
equation represented experimental obser- 
vations more accurately than any other. One 
typical result is given in Table II. 


TABLE II 

ImjlKh Ca EXCHANGED Ca EXCHANGED CALCULATED 


CONCN. 

Na,CO, 

(m.e.) 

10 

OBSEEVED 


ACCORDING 

TO 

V*"*“*I 

0*80 

Langmuir 

(0*80) 

Vageler 

(0*80) 

0*949 

'1 

Nayer & 
Shukla 
(0*80) 

12 

0*88 

0*867 

0*888 

14 

0*96 

0*953 

1*091 

0*965 

16 

1*05 

0*992 

1*239 

1*053 

18 

1*12 

1*000 

1*879 

1*125 

20 

1*21 

1*158 

1*506 

1*218 

25 

1*40 

(1*400) 

(1*400) 

(1*400) 


A comparison of the figures in the 2nd and 
last columns shows that agreement between 
observed and calculated vdues is most satis- 
factory. The merit of the new equation 
expressed as 

4 + 1 
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{ where x = Ca exchanged, I = initial concn., 
B == B.E.C., and p, q, constants ) is that it 
takes into account the most important pro- 
perty of the soil, viz. its B.E.C. Further, 
Langmuir’s and Vageler’s equations were 
found to be not applicable at very low or very 
high concentrations, while the proposed equa- 
tion is applicable within wide limits. Thus 
it is seen that in adsorption and exchange 
reactions the B.E.C. plays an important role, 
and the course of each reaction can be 
mathematically predicted. 

An Equation for the Percolatibn of Water in 
Ca-Na Soils — It is well known that sodium 
soils are generally impermeable to water. 
When a Ca soil is treated with a sodium salt, 
exchange takes place between Ca and Na 
ions, and differing amounts of sodium salt 
added lead to the formation of different 
grades of Na-Ca soils. The permeability of 
such soils containing two such ions can be 
expressed by the equation ( Harris ) : 

Y = a. e-^s 

where Y = the rate of percolation of water, 
S represents the percentage saturation of the 
soil complex with respect to Na ion, that is, 
c, Exch. Na * 

^ ~ B.E.C. ^ 

and a and b, constants. This equation has 
been tested in a number of cases and has been 
found satisfactory. Our object was to find 
the relation, if any, existing between the 
arbitrary constants, a and b, and the charac- 
teristic properties of soils. The following 
table gives a summary of the results obtained : 


soil and pure sand ( as an inert constituent ) 
with the following result : 





TABLE III 



Soil 

Clav 

B.E.C. 

Cons- 

Cons- 

a log C 

b/B 

No. CONTENT 

(B) 

TANT 

TANT 


(C) 

(.^) 

(b) 



12 

27*44 

14*80 

0 136 

0*0283 

0 1967 

l*0xlO~* 

2 

67*60 

20*50 

0*136 

0 0400 

0*1967 

20xl0» 

10 

26*60 

16*60 

0*154 

0*0320 

0*2290 

l*exlO“* 

3 

62*43 

13*40 

0*083 

0*0250 

0*1430 

1-8X10-* 

13 

21*86 

9*88 

0*178 

0*0180 

0*2380 

1 • 8 X 10“» 

15 

26 32 

7*11 

0*138 

0*01,30 

0*1990 

1 8X10~» 


The significance of the values in the last 
two columns will be easily understood. The 
constant ** b ” is directly related to the 
B.E.C., while the constant “ a ” is a function 
ot the clay content. The small variations of 
values in column 6 might be due to the 
presence of secondary particles. To clear 
this point, experiments were carried out with 
artificial mixtures of the cblloidal part of the 


Soil 

No. 

1 

2 

3 

4 
6 




TABLE IV 



Clav 

CONTENT 

(C) 

B.E.C. 

(B) 

(a) 

(b) 

a log C 

b/B 

100 

31-8 

0*129 

0*057 

0*2580 

1*8X10“* 

60 

15*9 

0*148 

0*028 

0*2600 

18X10-* 

SO 

9*64 

0 177 

0*018 

0*2632 

1*9x10"* 

25 

7*95 

0*188 

0*016 

0*2492 

1*8x10-* 

20 

6*36 

0*195 

0*012 

0 2542 

lOxlO'^ 


a log C ’ is thus seen to be d^aitely a 
constant and the variation of the values in 
column 6 of tl^ie previous table must be attri- 
buted to the presence of secondary particles 
( size : 0 02-0 002 mm.). 

If we now substitute the new values for a 
and b in Harris’s equation, we obtain the 
expression ; 


Y = 


And since 


log C 
„_(Na) 

b_-— . 


0~k, BS 


X 100 


the final equation is 

V _ •'i 


,e-k ( Na ) 


log C 

where k^ has the value round about 0 25 and 
k is almost exactly equal to 0T8, so that an 
approximate equation for percolation of 
water through Na-Ca soils is 
0-25 
log C 

where C is the clay content, and ( Na ) is the 
exchangeable sodium present in the soil com- 
plex. Thus the arbitrary constants in 
Harris’s equation have been replaced by soil 
constants and numerical constants by an 
application of ideas underlying B.E.C. 

Similar equations have been obtained in 
the case of soils treated with monovalent and 
divalent cations, which, however, need not 
be discussed here. 

The Influence of the Size of the Exchangeable 
Cation — The soil permeability, as mea- 
sured by the rate of percolation of water, 
seems also to depend on the radius of the 
exchangeable cation. Experiments carried 
out with soils saturated with different cations 
show that under comparable conditions the 
rate of percolation is expressed by the equa- 
tion : 

Y = p.e’*^ 

where R is the radius of the cation, p and q 
being constants. When log Y is plotted 
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against R, a straight line is obtained for the 
same series of ions ; that is, the monovalent 
ions Li, Na, NH^, K, Rb all lie in one straight 
line, while the divalent alkaline earth ions 
Mg, Ca, Sr, Ba lie in another®. This means 
that the rate of percolation of water through 
soil colloids saturated with cations is an ex- 
ponential function of the ionic radius of the 
exchange cation. 
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Studies in the Constitution 
of Euphoron — Part I 

R. GOPALACHARI & S. SIDDIQUI 
Chemical Laboratories, C.S.I.R., Delhi 


I N an earlier communication^ dealing with 
the characterization of the polycyclic 
ketone, euphoron, isolated from the dried 
latex of Euphorbia tirucalli, Karimullah 
and Gopalachari stated that the exact mole- 
cular formula for the ketone could not be 
definitely fixed at that stage of the investi- 
gations, as the molecular weight ( 390 : Rast ) 
and the C, H values of the ketone agreed with 
the formula C„H«0, while the iodine value 
of the ketone‘®'and the nitrogen value of its 
oxime along with their C, H values were 
found to agree more closely with a or Cgg 
formulation. The present communication 
deals with the results of further studies in the 
constitution of euphoron. From the evidence 
now available it is possible to definitely fix 
on a CjQ formulation for the ketone, ^30^480. 
The molecular weight of the ketone ( 422 ), 
determined on the basis of the saponifica- 
tion equivalent of the acetyl ester of the 
alcohol ( euphorol ) derived from it, is in 
good accord with this formula and excludes 
the alternatives suggested earlier. 

The absorption spectrum of euphoron 
( Fig. 1 ) shows two bands, one in the region 

of 22001 = 10 y and the other in 

the region of 28901 ( * 0-785') . 

N 1 % * w 

There are, ho^yever, hone in the region of 
2400-2509a which Would indicate the absence 
of any coh|ugation between either of its two 
eth^ieriiq linkages and the carbonyl double 
bond*^ ^ 



Fig. 1 — Ultra-violet absorption spectrum 
OF euphoron. 


As reported by the earlier authors, cata- 
lytic reduction of euphoton with platinum 
oxide gave dihydro-euphoron, CgoHgoO. 
Further reduction of dihydro ketone with 
sodium and moist ether has yielded dihydro- 
euphorol, Cj^H^jiO. The molecular weight of 
this alcohol, as derived from the saponifica- 
tion equivalent of its acetate, is in good 
accord with the formula assigned to it. 
Oxidation , of euphoron with chromic acid 
in glacial acetic acid medium yielded a 
ketonic acid which analyses for G 19 H 40 Q 3 
and has been jM^ovisionally nanaed ettphoronic 
acid^ ' ' ^ - 
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As noted by the earlier authors, the use of 
amyl alcohol and sodium in the reduction of 
euphoron to the corresponding alcohol eu- 
phorol was attended with considerable resini- 
fication, which lowered the yield of euphorol 
and necessitated a tedious repetition of frac- 
tional crystallizations for arriving at a pure 
product. With the use of moist ether in 
place of amyl alcohol for reduction, it has 
now been possible to obtain pure euphorol 
after a couple of crystallizations in a nearly 
theoretical yield. Euphorol, CaoHsoO, has 
two double bonds like the ^ corresponding 
ketone and is similarly reduced to a dihydro 
derivative, CaoH^O ( dihydro-euphorol ), on 
catalytic reduction with platinum oxide. 
Further work on the constitution of these 
products is in progress. 

Experimental 

Oxidation of Euphoron to Euphoronic Acid — 
A solution of chromic acid ( 2*5 gm.) in 125 c.c. 
of glacial acetic acid was added drop by drop 
in the course of 4 hours into a solution of the 
ketone ( 5 gm.) in 400 c.c. of glacial acetic 
acid kept over a boiling water bath. After 
heating for a further period of 2 hours the 
solution was concentrated in vacuo and then 
poured into water. The precipitate formed 
was extracted with ether and the ethereal 
solution was shaken out with 10 per cent 
solution of sodium carbonate. The alkaline 
aqueous layer was neutralized with dil. 
hydrochloric acid and the precipitate of the 
crude acid thus obtained was washed, dried 
and crystallized from methyl alcohol, when 
euphoronic acid was obtained in the form of 
colourless needles in a poor yield ( OT gm.), 
m.p. 189°-190°, It is soluble in ether, and 
chloroform in the cold and in methyl and 
ethyl alcohols in the hot. On crystallization 
from alcohol, the neutral portion of the oxi- 
dation products gave the unreacted ketone 
( 2 gm.) and a viscous liquid ( 2*5 gm.) from 
its mother liquor. Found : C, 78-6 per cent ; 
H, 10*6 per cent ; neutralization equiva'e it, 
446. Required for C2»H4gO : C, 78*7 per 
cent ; H, 10-4 per cent ; neutralization equi- 
valent, 442. Required ifor CJ9H48O : C, 78-4 
per cent ; H, 10*8 per cent ; neutralization 
equivalent, 444. 

Oxime of Euphoronic Acid — 1 gm. of 
hydroxyl amine hydrochloride was dissolved 
,m 2 c.c. of water and added to 100 c.c. of N/10 
alcoholic potash. The solution was filtered 
from the potassium chloride formed and the 
filtrate refluxed with O-l gm. of euphoronic 
acid on a water bath, it was then diluted 


with water and the precipitate formed was 
filtered, washed free of alkali, and dried on a 
porous plate. On crystallization from alcohol, 
the oxime was obtained in the form of fine, 
rectangular plates soluble in ether, chloro- 
form, and alcohol, m.p. 214°-215®. 

Euphorol — A solution of euphoron (5 gm.) 
in 250 c.c. of ether was taken in a round- 
bottom flask fitted with a reflux condenser, 
and 100 c.c. of distilled water was added to it. 
When the ethereal layer had separated from 
the lower aqueous layer, 7*5 gm. of sodium 
were added in small bits in the course of 
4 hours. After the completion 6f the re- 
action, the ethereal layer was washed free of 
alkali, dried over anhydrous sodium sulphate, 
and filtered. On removal of the solvent 
from the filtrate and crystallization of the 
nearly colourless crystalline residue from 
alcohol, pure euphorol, m.p., 108®-109°C., 
was obtained ; [ a ] =+24 ; found : C, 

84*8 per cent; H, 11*9 per cent; M.W., 
424 ; required for C30H50O : C, 84*4 per cent : 
H, 11-7 per cent ; M.W., 426. 

Euphorol Acetate — A solution of euphorol 
in 10 c.c. of dry pyridine was warmed on a 
water bath and treated with 5 c.c. of acetic 
anhydride. After half an hour the solution 
was cooled and diluted with water. The 
precipitate formed was extracted with ether 
and the ethereal solution successively shaken 
out with dil. hydrochloric acid, dU. alkali, 
and water. After drying over anhydrous 
sodium sulphate, the solution was filtered 
and freed from the solvent. On crystal- 
lization from alcohol, the nearly colourless 
crystalline residue gave the acetate in the 
form of colourless needles, readily soluble in 
ether and chloroform in the cold and in alcohol 
and acetone in the hot ; m.p. 107°-108° 

[ a ] _ -j-28*5. Found : C, 82*4 per cent 

H, 11-3 per cent ; saponification equivalent 
466, 467, 464. Required for C32H52O2 : 
C, 82T per cent ; H, HT per cent ; saponi- 
fication equivalent, 468. 

Dihydro-euphorol from Euphorol — A solu- 
tion of 1 gm. of euphorol was shaken with 
0*1 gm. of platinum oxide ( Roger-Adaras ) 
in a long-necked flask connected to a 
graduated hydrogen reservoir. The absorp- 
tion was complete in 24 hours after which the 
catalyst was filtered off. On concentrating 
the filtrate, dihydro-euphorol crystallized 
out in the form of colourless needles, readily 
soluble in ether and chloroform in the cold 
and in methyl and ethyl alcohols in the hot ; 
m.p. 122^-123°, =+360. 
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Dihydro euphorol from Dihydro-euphoron — 
Dihydro-euphoron ( 5 gm.) dissolved in 
250 c.c. of ether was reduced with sodium 
( 7*5 gm.) following the method used for the 
reduction of euphoron to euphorol. The 
reduced product was crystallized from alcohol 
when it gave dihydro-euphorol in the form 
of colourless needles melting at 122°-123°. 
When mixed with the dihydro-euphorol 
obtained from euphorol by catalytic reduc- 
tion, it showed no depression in m.p. Found : 
C, 84*1 per cent; H, 12*3 per cent; M.W., 
431; volume of ^ H absorbed, 4*96 lit./lOO 

f m. Required for C30H52O : C, 84*1 per cent ; 
I, 12*2 per cent; M.W., 428; volume of 
H required for; one double bond, 5*25 
lit./lOO gm. 

Dihydro-euphorol Acetate — Dihydro-eu- 
phorol, on treatment with acetic anhydride 
and dry pyridine, as in the preparation of 
euphorol acetate, gave the acetate in the 
form of colourless needles which were readily 


soluble in ether, and chloroform in the cold 
and alcohol in the hot, m.p. 125®-126®, 
[ « ] D ° ~ +29. On saponification with,N/2 
alcoholic potash, it gave dihydro-euphorol, 
m.p. 122°-123''. Found: C, 81*5 per cent; 

H, 11*5 per cent ; saponification equivalent, 

474. Required for : C, 81*7 per 

cent ; H, 11*5 per cent ; s^iponification equi- 
valent, 470. 
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Some Experiments in Kier Boiling 

T. S. GORE & G. M. NABAR 

Department of Chemical Technology, University of Bombay 


T he bleaching of woven cotton goods 
ordinarily consists of the following 
three operations, viz^ (a) desizing or 
the removal of the greater part of 
starch added in sizing ; (b) kier boiling, result- 
ing in the removal of waxy, fatty and other 
materials such as proteins, pectins, etc. ; and 
(c) bleaching proper or the destruction of 
natural colouring matter in the cotton. The 
skill of the bleacher hes^ia the efficient re-^,- 
moval of the impurities prSent in the cotton, 
with the consequent whiteness, with the 
least damag:e to the fibres from the point of 
view of their textile quality. Efficient kier 
boiling in alkaline liquors is the foundation 
of successful bleaching. During the kier 
boiling process, the waxes, oils and fats are 
in part saponified and in part emulsified, 
mechaniediy held dirt is loosened and sizing 
materials ' are solubilized. These actions 
should proceed as nearly as possible to com- 
ptetiom A penhanent white with a bril^ 


liance of tone is ultimately required for the 
cloth. On the other hand, cloth required for 
dyeing and printing should be, as far as 
possible, free from fatty and resinous matter 
so that it is highly and uniformly absorbent. 

The present investigation was undertaken 
with a view to study the efficiency of a few 
specially designed kier-boiling treatments in 
removing the waxy and fatty matter from 
cotton cloth and yarn so as to render them 
suitable for the dyeing and printing pro- 
cesses. 

Materials 

Cloth — Commercial samples of twill and 
longcloth made locally from American cotton 
were used. In one set of experiments, yam 
made froni s^hort staple Indian cotton was 
used. The twill in the grey condition con- 
tained 2*8 per cent and the longcloth 1*8 per 
cent of total fatty matter respectively, The 
yarn contained 0*6 per cent total fatty matter. 
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The various chemicals used in the boiling 
and bleaching experiments were commercial 
products used in the textile trade. 

Colecion B — This product is marketed 
by the Collective Chemical Company Ltd., 
Eagle Road, Bristol, England, as a powerful 
assistant in laundry washing. It is consi- 
dered to possess excellent degreasing pro- 
perties. We are greatly indebted to Dr. K. 
Venkataraman, Director, Department of 
Chemical Technology, for making this pro- 
duct available to us for these investigations. 

The details of the kier-boiliitg experiments 
are given below. 

Experimental Methods 

The boiling was carried out in an experi- 
mental kier of 3 lb. capacity with a material 
liquor ratio 1 : 6. The arrangement of the 
kier and the external heater for liquor is 
shown in Fig. 1 . The cloth was desized as des- 
cribed under each treatment and kier boiled 
for 6 hr. under 25 lb. steam pressure. The 
boiled sample was thoroughly washed and 
bleached with bleach liquor containing 
T5 gm. of available chlorine per litre, and 
adjusted approximately to a pii of- 10*5. At 
the end of bleaching, the sample was washed 
and soured using a half per cent hydrochloric 
acid solution, washed again free of acid, dried 
and conditioned. 



Fig. 1 — Diagrammatic Representation of the 
Experimental Kier and heater. The arrows 
indicate the direction of liquor flow. 

Determination of Total Fatty Matter 

^ The total fat content in the bleached and 
unbleached samples was determined by ex- 
tracting a known weight in a Soxhlet appa- 
ratus for 8 hr. using a 1:1 mixture of dry 
benzene and absolute alcohol The extract 


was dried to constant weight at 105®-110°C. 
and the residual fatty matter expressed on 
the weight of dry material after correcting 
for hygroscopic moisture. 

The Kier-boiUng Treatment 

(1) The grey twill was desized using an 
enzyme preparation, washed thoroughly and 
kier boiled using the following 3 recipes : 

All chemicals are expressed as percentages 
on weight of cloth. 

(a) 3 per cent caustic soda, 1 per cent soda 
ash and 0*2 per cent Lissapol C ; 

(b) as in (a) except that Lissapt^l C was 
replaced by 0*2 per cent Turkey Red 
oil ; 

(c) the desized sample was first boiled 
using 2 per cent lime and 0*2 per cent 
Lissapol C, washed and again boiled 
using 3 per cent caustic soda, 1 per cent 
soda ash and 0*2 per cent Lissapol C. 

(2) The twill was desized by grey chemic- 
king with a bleaching powder solution con- 
taining 2 gm. of available chlorine for 2 hr. 
and washed free from chlorine. It was then 
kier boiled as given below : 

(d) 3 per cent caustic soda ; 

(e) kier-boiled sample from (d) was again 
boiled in the open with 0*33 per cent 
Colecton B and 3 per cent soda ash for 
2 hr. 

(3) (f) The grey twill was desized as in B 
and boiled in the open using 0*33 per 
cent soda ash for 3 hr. 

(4) Grey yarn was kier boiled using 

(g) 3 per cent caustic soda and 0*25 per 
cent sodium silicate ; 

(h) 3 per cent caustic soda and 0*2 per cent 
Lissapol C ; 

(i) 3 per cent soda ash and 0*33 per cent 
Colecton B in the open for 3 hr. 

(5) The grey longcloth was desized as in 
(2) and kier boiled as given below : 

(j) 0*4 per cent Colecton B and 3 per 
cent soda ash, and 

(k) 3 per cent caustic soda and 0*2 per cent 
Lissapol C. 

Experimental Results 

The results are summarized in Table I. 

The saponifiable waxes are normally con- 
verted into soaps by the action of alkalis in 
the kier but the unsaponifiable fatty matter 
needs special methods for its removal. Of 
the 4 detergents employed, it is seen that in 
the case of open soda boil with Colecton B, 
the saponification of the saponif|able waxes 
is not complete, but the quantity of total 
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TABLE 

I 



CliOTK VAMtmtY 

Bsfori boiling 

Sample No. 

Residual 

Detergent USED 





FAT % 



TotAl fatty 

Uosaponifiabl^ 


AFTER 



matter % 

fatty matter % 


BOILING 


Grey twin 

2'8 

0‘8 

a 

081 

Lissapol C 




b 

001 

Turkey Red oil 




c 

0<58 

Two boils with Lissapol C 




d 

0-60 

nil 




e 

040 

Colecton B 




f 

0*41 

do 

Grey ygm 

0*6 


K 

0-36 

Sodium silicate 




h 

0 26 

Lissapol C 




i 

015 

Colecton B 

Gtey longclotll 

10 

00 

j 

0-41 

do 




k 

0‘61 

Lissapol C 


residual fatty matter in the cloth and the 
yam has fallen to a very small value. Schole- 
field and Ward^-have shown that under the 
experimental conditions employed by them 
using Lissapol A, the wax content of cloth 
fell to a very small value. In the present 
investigation, it. is seen that the wax content 
of the cloth even after 2 alkaline boils to 
which Lissapol C was added, the residual wax 
content in the boiled cloth is quite appre- 
ciable. In view of the observations recorded 
by Ward and Scholefield , this appears to be 
surprising. 

Turkey Red oil and sodium silicate appear 
to be the least effective of all in the emitisi- 
fication of unsaponifiable fatty matter in the 


cloth since experiments carried out in absence 
of any assistant in the kier show much better 
scouring efficiency (d). Comparing these 
results with those obtained with Colecton 
B, it is seen that its emulsifying ability is 
quite satisfactory. Even by a weaker alka- 
line treatment of shorter duration, carried 
out at temperatures lower than those em- 
ployed in normal kier-boiling processes, the 
wax content in both the cloth samples and 
yarn has fallen to a much smaller value. 
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Preliminary Investigations 
on Brick Clays in India 

N. K. PATWARDHAN 
Building Research Unit, C.SJ.R,, Roorkee 


A SURVEY of claims used for brick- 
making in varioul parts of India has 
been undertaken by the Building Re- 
search Unit with a view to ascertain 
the analytical factors that go to form a good 
brick. A large number of clay samples were 
received through the courtesy of provincial 
governments and states for examination and 
anal 5 rsed. Tl^e present paper interprets a 
few of t|ie results obtained. 

Tlie biick clays were lightly pounded to 
brekk the clo^, air dried and sieved throi^h 
a standard sieve No; 40. Samples passing 


through a 2 mm. ( No. 10 ) sieve were used for 
mechanical analysis by the Bouyouco*s 
hydrometer method, using sodium silicate 
as deflocculating agent. 

The liquid and plastic limits and the 
plasticity index were determined according 
to A,S,TM% D-423 and 424-39 methods^-* 
respectively. The linear and volumetric 
shrinkages were determined by the methods 
prescribed by the US, Bureau of PubUc 
Roads, and the by the Beckman glass elec- 
trode meter in 1 h S soil-^water extracts. 

The results are presenfed in Table L 
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TABLE I — PROPERTIES OF BRICK CLAYS IN INDIA 


Ser. 

No. 

Localiyy 

Colour 

Work- 

ability 

User's 

OPINION 

Mechanical 

COMPOSITION 

0/ 

/o 

'Sand Silt Clay' 

Liquid 

LIMIT 

Plasticity Shrinkage 

INDEX % 

t — ^ — V 

Liner Volu- 
metric 

PH 

1. 

Jullundur (Punjab) 

Pale yellow 

Medium 

Good 

83 

48 

10 

28 

7 

4 

35 

7-5 

2. 

Mangalore 

(Madras, W.C.) 

do 

High 

Medium 

17 

10 

64 

58 

28 

13 

66 

70 

a. 

Dhanbad (Bihar) 

Reddish yellow Medium 

Bad 

45 

28 

27 

36 

12 

0 

30 

61 

4. 

Madras 

do 

do 

Medium 

34 

82 

84 

30 

20 

13 

68 

7-6 

6 . 

Ootacamund (Madras) 

Black 

High 

Bad 

24 

26 

50 

67 

23 

16 

05 

81 

6 . 

Pipariya (C.P.) 

Yellow brown 

Low 

do 

61 

22 

16 

25 

0 

5 

23 

7-7 

7. 

Muzaffarpur (Bihar) 

Grey 

High 

Medium 

8 

43 

54 

48 

21 

7 

42 

7-8 

8 . 

Chinsura (Bengal) 

Ash 

do 

do 

15 

44 

41 

47 

23 

10 

59 

7*8 

d. 

Poona (Bombay) 

Red brown " 

Low 

Bad 

48 

30 

22 

33 

2 

4 

' 25 

80 

10. 

Sholapur (Bombay) 

Brown 

do 

do 

40 

30 

30 

87 

13 

11 

60 

8*2 

11. 

Roorkee (U.P.) 

Light yellow 

Medium 

Good 

45 

25 

30 

32 

14 

6 

30 

8-2 

12. 

Delhi 

Yellow 

do 

do 

26 

52 

22 

34 

18 

6 

20 

8-2 

13. 

Panchmarhi (C.P.) 

Red 

Low 

Bad 

37 

28 

35 

35 

14 

11 

47 

80 

14. 

Coimbatore (Madras) 

Brown 

do 

do 

45 

33 

22 

62 

28 

15 

88 

80 

15. 

Vellore (Madras) 

Yellow 

High 

do 

14 

46 

40 

60 

26 

16 

78 

7*8 

16. 

Chittoor (Madras) 

Golden yellow 

Medium 


26 

35 

30 

43 

17 

0 

40 

80 

17. 

Bhandara (C.P.) 

Brown black 

do 

Bad 

50 

28 

27 

36 

15 

7 

32 

7-6 

18. 

Salem (Madras) 

do 

High 

do 

14 

84 

52 

56 

20 

11 

87 

79 

10. 

Ferozepur (Punjab) 

Grey 

Medium 

Good 

10 

30 

51 

85 

13 

6 

29 

8-2 


Discussion 

The bricks used in India are usually hand- 
made, and for this purpose the brick clay 
should be soft and easy to work. 

It can be seen from Table I that the clays 
of the Indo-Gangetic alluvium and those 
from the west and east coasts of peninsular 
India generally give good bricks. 

The results of mechanical analysis provide 
an indication of the plasticity of the clays. 
The sample from Pipariya has a high sand 
percentage and low plasticity. Muzaffarpur 
clay has only 3 per cent sand but still gives 
a poor brick. The calcarious nature of the 
clay gives the brick a creamy appearance. 
Samples 9 and 17 show high sand contents 
and bricks prepared from them are of poor 
quality. 

The liquid limit of a clay indicates its 
capillary capacity and influences the plasti- 
city index which in turn determines the 
cohesive property. With increasing plasti- 
city the cohesive characteristics increase, 
while the permeabilities decrease*. The 
liquid limit is influenced by the clay fraction. 
In the case of Coimbatore and Vellore 
samples, the high values for liquid limit 
suggest that either active clay minerals 
or unusually fine particles are present in the 
clay fractiqp ; a combination of the two 
factors* may also contribute to the high 
value. The value of liquid limit for suitable 
brick clays lies between 35 and 45. 

The index of plasticity is greatly influenced 
by the percentage of saim present in the clay ; 


the higher the sand fraction the lower is the 
index of plasticity. This will be clear from 
the figures for Poona and Pipariya clays. 
Materials whose plasticity index lies between 
10 and 25 are suitable for brick-making, 
although for making bricks by hand a value 
above 25 is considered desirable. The plasti- 
city index for Jullundur clay is 7, and yet the 
bricks made from it are good. This low value 
is due to the high silt and low clay content. 
It has been observed that materials contain- 
ing equal percentages of clay and silt are 
easily workable, and are suitable for brick- 
making. 

Volumetric shrinkage is influenced by the 
silt content of materials. This observation 
has been corroborated by the work done on 
soil stabilization, as applied to low-cost hous- 
ing, carried out in the Building Research 
U nit^. 

Linear shrinkage is related to the liquid 
limit of the plastic mass. The higher the 
liquid limit the higher the linear shrinkage. 
The range of percentage linear shrinkage con- 
sidered satisfactory for brick-making is to 
5 to 8. Volumetric shrinkage is also related 
to the liquid limit. The shrinkage is consi- 
dered high when the value exceeds 60 per 
cent, medium when it is between 30 and 60, 
and low when the value is below 30 per cent. 
Materials which show high values are unsuit- 
able for brick-making — as bricks made from 
them develop cracks under service conditions. 
Clays with medium shrinkage values are 
favoured for brick-making. ’ 
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The properties of good brick clays are 
summarized in Table II. 


TABLR II 

Placb' Mbcrnica^l Liquid Plasticity Volumetric 



ANALYSIS, 

% ’ 

LIMIT 

INDEX 

8HR1NKAOE 


Sand 





7o 


Silt 

Clay 




luUundur 

3S 

48 

19 

28 

7 

35 

Ferocepur 

10 

80 

61 

35 

13 

29 

Roorkee 

45 

25 

30 

82 

14 

80 

MuEaffarpur 

8 

48 

54 

48 

21 

42 

Chinsura 

15 

44 

41 

47 

23 

59 

Delhi 

2ft 

52 

24 

84 

18 

29 

Mangalore 

17 

19 

64 

58 

28 

Oft 

Madras 

84 

82 

84 

89 

20 

59 


The author’s thanks are due to Dr. Gurdas 
Ram, Oflicer-in-Charge, Building Research 


Letters 


SOLUBILITY AND HEAT OF SOLU- 
TION OF RIBOFLAVIN (VITAMIN B^) 
IN WATER 

Sengupta and Gupta^ have determined 
the solubility of riboflavin at different 
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Unit, Roorkee, for his interest in the vrotk 
and for many helpful suggestions, 
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to the Editor 


temperatures; plotted the solubility-tempera- 
ture curve and extrapolated the solubility 
curve down to OX. 

Such direct extrapolation is, however, ren- 
dered unreliable by the high curvature of the 
solubility curve. A better procedure in such 
cases is to employ the following equation : 

dlnN. L. , 1 Lg , , 

"dT“”RT*°^ logioN,— - 2^1^ 

where Ns= molar fraction of solute in the 
. saturated solution ; 

Lg^ differential heat of solution at 
saturation ( assumed to be constant 
over the range of temperature ) ; 
R==gas constant ; and 
T=absolute temperature. 

Fig. 1 gives the straight line graph obtained 
by plotting logjoN* versus 4 which, on 
extrapolation, gives for solubility of riboflavin 
at OX. the value of 2-9 mg. per 100 c.c. as 
against 8 mg. per 100 c.c. as shown by the 
graph of Sengupta and Gupta. From the slope 
of the curve in Fig. 1, the differential heat of 
solution of riboflavin at saturation comes to 
be 9,200 cal. per mole. 

A. Kalyanasundaram 

Indian Institute of Sugar Technology / 

Kanpur 

June, 2rm9 

REFERENCE 

1. Sengupta, S. B. & Gd>TA, H* N, : /. S^Proc InsL 
Ehemistst India, 1949; L 




Journal of 

Scientific & Industrial Research 


Vol. VIIIB 


SEPTEMBER 1949 


No. 9 


EDITORIAL BOARD 


8. S. BHATNAGAR, O.U.E., T.R.S., 

D.Sc., F.Inst.P., F.R.I.C., Director, Scientific 
& Industrial Research (cx officio Chairman) 


H. J. BHABA, Pli.D., F.R.S., Tata Insti- 
tute of Fundamental Research, Bombay 


J. C. GHOSH, D.Sc., F.N.I.. Director- 
General, Industry & Supply, New Delhi 


JIVARAJ N. MEHTA, M.D., M.R.C.P., 
F.C.P.S., Adviser to the Government of 
Bombay on Baroda Affairs, Bombay 


S. KRISHNA, C.I.i:.. Vh.V., D.Sr„ 
I'.R.I.C., P'.N.I., 1‘orest Research Institute, 
Dehra Dun 


K. S. KRISHNAN, D.Sc., F.R.S., 
tional Physical Laboratory, Delhi 


MATA PRASAD, D.Sc., F.R.I.C., F.N.L, 
Royal Institute of Science, Bombay 


C. V. RAMAN, F.R.S., N.L., Raman 
Research Institute, Ban^falore 


M. N. SAHA, D.Sc,, h.R.S., I. uiversity 
Culleye of Science, Calcutta 


D.N* WADIA, F.G.S., l-.R.G.S., F.R.A.S.B.. 
Geological Atlviser to the Department of 
Scientific Research, New Delhi 


B. N. SASTRI, M.Sc., F.K.I.C., A.I.I.Sc., 
Editor & cx officio Secretary 


A. KRISHNAMURTHI, M.Sc., Assistant 
Editor 


S. B, DESHAPHABHU, Liaison Utliccr, 
(Production ) 


CONTENTS 

Energy Spectrum of Tantalum^®* ... ... 147 

Swami Jnanananda 

Chemical Examination of the Drying Oil from 
' the Seeds of Trichosanthes angtiina, Linn. ... 150 

(Miss) Padmini Soni <& J. S. Aggarwal 

Hypochlorite Oxidation of Cellulose in Presence 

of Mixtures of Certain Vat Dyes — Part 11 154 

G. M. Nabar & J. A. Kathod 

Influence of Organic Matter on the Bactericidal 

Efficiency of Indian Essential Oils ... 157 

S. M. Bose, C. N. Bhima Kao & V. Subrahmanyan 

" Relationship Between the Chemical Constitu- 
tion of the Constituents of Certain Essential 
Oils & Their Bactericidal Properties ... 160 

S. M. Bose. C. X. Bhima Rao & V. Subrahmanyan 

Preliminary Investigations on the Physico- 

chemical Properties of Some Indian Bricks 162 

L. C. Jain, A. F. Chhapgar & Gurdas Ram 

A New Method for the Analysis of Adulterated 

Graphite ... ... ... ... 168 

K. K. Majumdar 

Letters to the Editor 

A Lichen (Purmdin fincloruin) on a Java 

Monument ... ... ... 170 

T. R. Seshadri ^ S. Sankara Subramanian 

Some Occurrences of Kyanite in the Ajmer- 

Merwara District, Rajputana ... 171 

H. L. Chhibber 


The Council of Scientific & Industrial Research assumes no responsibility for the statements and 
opinions advanced by contributors. 

The Editorial Board in its work of examining papers received for publication is assisted, in a 
honorary cappicity, by a large number of distinguished scientists working in various parts of India, 

Editorial communications and books and periodicals for review should be addressed to the Editor, 
Journal of Scientific & Industrial Research, 'P* Block, Raisina Road, New Delhi. 

Communications regarding subscripiions and advertisements should be addressed to the Secretary, 
Council of Scientific 6* Industrial Research, ‘P' Block, Raisina Road, New Delhi. ^ 

ANIillAL Rs. 9 ( InlMicI ) ; 18 sK. ( foreign ). SINGLE COPY : Re. 1 ( inlsfid ) $ 2 oh. ( toroign ). 



XXll 



THE GUILD-WATTS ” SPECTROMETER 


THIS PRECISION SPECTROMETER IS DESIGNED FOR RESEARCH WORK 
IN REFRACTOMETRY AND THE HIGHEST CLASS OF GONIOMETRIC 
WORK> IT IS UNSURPASSED FOR OPTICAL AND MECHANICAL PER- 
FECTION AND A REFRACTIVE INDEX MEASUREMENT OF ONE UNIT 
IN THE SIXTH DECIMAL PLACE CAN BE OBTAINED. 

WATTS range of four spectrometers fulfil all 
requirements of research, industry and education 

HILGER & WATTS LTD. 

( WATTS DIVISION ) 

★ 

Sole Agents 

ASSOCIATED INSTRUMENT MANUFACTURERS 

(INDIA) IIMITED 

B 5 G L I V E BUI L D^IN G S 
P.O. BOX 2136 

BOMBAY • CALCUTTA • NEW DELHI 




Energy Spectrum of Tantalum^“* 


SWAMI JNANANANDA 

The National Physical Laboratory, India, New D^hi 


T antalum has a single stable isotope 
of atomic weight^®^ and its abundance 
is 100 per cent^. A radioactive iso- 
tope of mass 182 is produced by ir- 
radiating this stable isotope with neutrons^-^ 
or deuterons*’*. 

73Ta (n,Y) 73Ta 

, 3 Ta‘“ (d,p) „Ta‘" 

The half life of this radioactive isotope is 
97 days®. It emits beta and gamma rays, 
and decays thus : 

73Ta‘®‘ ^ ,4W“* + ( 3“+ + Y 

The beta rays of tantalum^®® were investi- 
gated by Rail and Wilkinson®, using mag- 
netic spectrograph, and gamma rays by 
Cork’, using magnetic semi-circular focusing 
spectrograph with photographic registration. 

The samples used for the present investi- 
gation of beta rays and internal conversion 
lines of tantalum^®* were obtained by neutron 
irradiation of tantalum oxide in the Oak 
Ridge Pile. The finely powdered radio- 
active tantalum oxide was allowed to fall 
out of water suspension on to a piece of 
scotch tape. The spread of the radioactive 
material, which is uniform, is circular in shape 
with a diameter of less than 1 mm. The 
sample was mounted on the source-holder 
of a magnetic lens focusing beta ray spectro- 
graph, provided with an electrical counter 
detection and electrically operated mecha- 
nical counter. The magnetic lens spectro- 
graph used in this experiment was the one 
mentioned in a preliminary note published 
previously*; The theory, design and cons- 
truction of this instrument, however, will be 
published shortly. 


The counting rate of the detecting device 
was corrected for the decay of the source, the 
absorption and scattering of the particles by 
the window of the electrical counter, back- 
ground of the counter and the magnitude of 
the counting rate. The corrected counting 
rate was plotted against the energy in elec- 
tron volts and the plot is the energy spectrum 
of tantalum^®*, shown in Fig. 1. The 

/ N \i , , . . 

I wc; ) values were plotted against 

\ P*F( z, E ) / 

energy in MC* units, and the plot given in 
Fig. 2 represents the Fermi analysis of the 
tantalum^®^ 

Fig. 1 shows internal conversion line spec- 
trum, superimposed on a continuous back- 
ground of tantalum^®*. This beta spectrum 
is complicated by the presence of a number 
of distinct peaks, each one representing an 
internal conversion line. The energy values 
and the relative intensities of these lines are 
given in Table I. The present energy values 
agree with those of the corresponding lines, 
photographically recorded by Cork’ who 
attempted to identify and interpret them 
as those arising from the transition of tanta- 
lum^®* nuclei from excited to ground levels. 

The Fermi diagram for the tantalum^®* 
given in Fig. 2 shows that the spectrum is of 
an allowed type as indicated by the position 
of Ta'i®* in the Sargent diagram, and that the 
continuous beta spectrum, besides being 
complicated by the presence of internal 
conversion lines, is a composite, consisting 
of three components, the maximum energy 
of the hard component being 525*3 Kev. 
which agrees with the value 521 Kev. obtained 
from the end point of the natural spectrogram 


* This research was c<^ducted at H. M. Randall Laboratory of Physics, University of Michigan, 
Ann Arbor, Michigan ( U.S. A. 




Fig. 1 


shown in the Fig. 1. The present energy and Wilkinson*. The maximum energies of 
value of the hard component is in good agree** the first and the second soft components, as 
ment^with the value 530 Kev. obtained by mfluenced by the hard component, are 457^9 
RaM Md Wilkinscm^ and also with the value Kev. and 378*1 Kev. respectively. The actual 
of 0*525 Mev.^obtained by Beach, Feacock energy values of these soft components 
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Fig. 2 

must, however, be appreciably lower than components, and, therefore, is likely to trans- 
the values obtained by Fermi analysis of mute into tungsten^®* ground and at least 
the measured wiergy values. two excited levels, the difference in energy 

Tahtaium^®*, as e^dent from Fig, 2, between the ground and higljer and lower 
decays with at least^^^l^^ different beta excited levels being of the order of about 
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TA BLB 1 


C^K*8 iDeKTtriCATJOK PBBSSKT SNERCY VALUES & 

& 1IEASU«EI> BBEEQY mEBAttVE INTENSITIES OF 

VALUES OP INTEMNAL tNTEENAL CONVERSION LINES 


rONVBRStON LINES OF Ts*** 


OF Ta‘« 


— 

Identifica- 

> r~ 

Energy 

Energy 

Up in Gauss. 

Rel. 

tion 

in Kev. 

in Kev. 

cm. 

intensity 

M« 

81« 

80-83 

090-4 

52-2 

L. 

87-* 

85-11 

1024-4 

44 5 

or Kj, 

80-2 



... 

Sfi-e 

90-84 

1094-0 

28 0 

M,‘ 

*8-8 




Lf 

100-3 




Kg 

107-2 

108-24 

1130-7 

8-8 

K» 

llfi-6 

122-48 

1240-0 

2-1 

k; 

120-8 

127-48 

1277-0 

1-7 

L,« 

181-0 

... 


... 

k” 

188-7 1 
148-8 i 

187-09 

1888-2 

2-2 

f.” 

Mg or L,g 

Lb 

150-9 

108-7 

178-0 

182-4 

150-18 

1481-4 

18 

K.g 

190-0 

180-95 

1585-8 

2-1 

L,. 

200-2 

207-29 

1084-0 

1-7 

L|| or Kig 

212-4 

281-27 

1700-8 

2-3 

b 

^11 

245-4 i 
271-0 f 

205-08 

1050-0 

1-0 


70 and ISO Kev. respectively. The internal 
converstoh lines dtie to inw energy gahimara)^ 
whose themes are of the order of or below 
70* and 150 Kev. photographically recorded 
and interpreted as those arising .prom Ta'®* 
by Cork’ nday actually have been arising 
from the transition of tungslw^ nuclei 
from excited levels to ground ffetS. 

■ '111'. ' ■ 
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Chemical Examination of the 
Drying Oil from the Seeds of 
Trichosanthes . anguina, Linn. 

( Mr^s ) PADMINI SONI & J. S. AGGARWAL 

Chemical Laboratories, Council of Scientific & Industrial 
Research, Delhi 


RICHOSANTHES anguina, Linn. 
( English : snake gourd ; Hindi : 
Chachinda ) to the natural 

order Cucurhu^^, it is an annual 
climber cultivated throughout India. 

No work has been reported on the seed oil 
of this plant. The seed fat of Trichosanthes 
cucumeroides^*^ contains in its component 
acids, about 29 per cent of trichosamc acid 
while the related Trichosanthes kadam^ hzs 
been found to be free from conjugated 
polyethanoid unsaturation. Since such ano- 
malies are uncommon in related seed 
fats, it was considered desirable to under- 
take « the cbemical examination of the oil 
fr^mx the seeds of Trichosanthes anguina, 
Linn., whkh^ belongs to the same genus. 


The results obtained* are recorded in this 
paper. 

The seeds of Trichosanthes anguina, Linn, 
contain about 32 per cent oil. The oil, 
when exposed to air, partially polymerizes 
to a gil in 2 days, appli d on a 

glass plate with cobalt linoleate as additive, 
it dries to a non-tacky, soft film in about 
an hour. But the oil does not set to a 
jelly-like mass when heated at 293 °C. for 
Browne herft test*. This heat-treated oil 
remains liquid even for a month at ordinary 
temperature. Such a behaviour has pre- 
viously been observed by Bradley® when 
tung oil was rapidly heated to 3 !0®C. 

The diene value ot the oil as determined 
by the method of Ellis and Jones* is 26-4. 
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Wijs method for the determination of the 
iodine value is unreliable when conjugated 
double bonds are present^*®, and the total 
iodine value of the oil ( 168-4 ) has been 
obtained by the Woburn iodine method B. 
The diene value calculated by subtracting 
the partial iodine value ( Wijs 2 min.) from 
the total iodine value is much higher ( 43-1 ) 
than that obtained by the direct method of 
EHis and Jones. Similar discrepancies have 
been reported by Cottrell*, and have been 
observed in these laborator^s in the case of 
kanda oil^*. 

The oil polymerized to plastic mass 
when heated with acetic anhydride, the 
saponification value of which is identical 
to that of the original oil. 

The separation of the total fatty acids 
into saturated and unsaturated constituents 
by the usual lead salt-alcohol method has 
not been found possible ( experimental ). 
Such a behaviour has already been observed 
in these laboratories in the case of katfda 
oil acids which also contain a major amount 
of conjugated acid. The diene acid is 
separated from the total acids by the frac- 
tional crystallization of their magnesium 
salts as adopted by Toyama and Tsuchiya^^ 
for the fatty acids of balsam pear seed oil. 
It has been characterized as trichosanic acid. 
When a petroleum ether solution of the total 
fatty acids containing a minute quantity of 
iodine is irradiated by ultra-violet light, 
P-elaeostearic acid separates out. But con- 
trary to the findings of Kaufmann and 
Baltes^* the diene acid could not be com- 
pletely removed by this treatment. This 
has also been observed by Mckinney and 
Jamieson^* in the case of the acids of the 
American tung oil. 

For establishing the presence of oleic and 
linoleic acids, the residual fatty acids have 
been oxidized with dilute alkaline potassium 
permanganate by the method of Sullivan 
and Bailey'*, when dihydroxy stearic acid 
( m.p. 130°-131X.) and tetra-hydroxy stearic 
acid (m.p. 153°-155°C.) are obtained. To 
further prove the presence of linoleic acid, 
a sample of the residual acids has been 
brominated by the method of Kaufmann 
and Baltes'*. The petroleum ether insoluble 
linoleic acid tetra-bromide (m.p. lir-112X.) 
has been distinguished from ' the tetra- 
bromide of elaeostearic acid by the fact 
that the material has practically no Wijs 
iodine value ( 2*7 ) even on irradiation. 

The proportions of Irichosanic, linoleic, 
oleic and saturated acids in the seed oil of 


Trichosanthes anguina, Linn, have been 
calculated from the Rosenmund-Kuhnhenn 
iodine value, and the diene and thiocyanogen 
values of the mixed acids, by the equations 
derived by Kaufmann and Baltes'* for 
Chinese wood oil. These results are found 
to be identical to those calculated by the 
equations of Mckinney and Jamieson'* for 
American tung oil. The values for the 
saturated acids in both cases are similar to 
that obtained by the Bertram oxidation 
method'®. i 

The saturated acids obtained by the 
Bertram oxidation method give the neu- 
tralization value as 201*7, indicating that 
palmitic and stearic acids are present to 
the extent of 22*7 and 77*3 per cent res- 
pectively. 

The unsaponifiable fraction of the oil 
consists of sitosterol, a resinous material 
and a small amount of reddish-brown 
colouring matter. 

Experimental 

Powdered seeds were extracted 4 times 
with petroleum ether ( 40°'60X.). After re- 
moving the solvent, about 32*14 per cent 
of a dark, reddish-brown oil having the 
following characteristics were obtained : 


Specific gravity at 40°C. 

0-9244 

Viscosity at 40°C. 

58*65 centistokes 

Refractive index at 27°C. 

1*4963 

Acid value 

0*343 

Saponification value 

186*0 

Unsaponifiable matter, % 

1*42 

Acetyl value 

Nil 

Hehner value 

95*31 

Soluble fatty acids, % 

Saturated acids { modified 

Nil 

Bertram method ), % 

12*5 

Thiocyanogen value 

62*5 

Hexabromide value 

Nil 

Iodine value ( Wijs ) 

146*4 

Iodine value (Woburn method B) 168*4 

Partial iodine value (Wijs 2 min.) 
Diene value ( difference of total 
iodine value and partial 

125*3 

iodine value ) 

Diene value ( maleic anhydride, 

43*1 

Ellis and Jones method ) 

26*4 

Browne heat test 

Oil does not set to 
a gel even after 
heating for 1 hr. 


Isolation & Separation of Free Acids into 
Solid & Liquid Acids — 50 gm. of oil were 
heated on a steam bath for half an hour 
with alcoholic potash in an atmosphere of 
nitrogen. The alcohol was distilled off and 
the soap dissolved in water. The unsaponi- 
fiable matter was removed with ether and 
the soap solution decomposed with dilute 
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salphuric acid in an inert atmo 9 {^ere. The 
fatty acids were removed by extraction with 
ether and eventually dried under vacuum 
at lOOX. They had the following character- 
istics ; 

NeutraUeation valnie 201*87 

Diene value ( ERis and Jones method ) 36*7 

Thiocayanogen value 74*05 

Iodine value Wobum method B ) I7l*0 

Iodine value Rosenmund-Kuhnhenn ) 124*75 

Iodine value Wijs ) 156*0 

30 gm. of the above adds were subjected 
to Twitchell's lead salt-alcohol process as 
modified by HUditch^*. During recrystal- 
lization of the insoluble lead salt from 
alcohol, a portion of the acids polymerized 
and remained insoluble in the hot solvent. 
The amounts of soluble, insoluble and poly- 
merized lead salts, fatty acids and some of 
their characteristics are given below: 


Fatty acids 

Amount 

Iodine 

Diene 

gm. 

value 

value 


(Wijs) 

(Ellis &• 
Jones ) 


Soluble lead salt 

15*0 

144*5 

20*2 

Insoluble lead salt 

8*0 

184*5 

40*3 

Polymerized 

6*5 

120*7 



Identification of Trichosanic & Other 
Unsaturated Acids — The mixed fatty acids 
( 20 gm-) were dissolved in 120 c.c. of 
alcohol, neutralized with alcoholic potash 
( 5 gm. of potassium hydroxide in 100 c.c. cf 
alcohol ) and 60 c.c. of magnesium acetate 
solution ( 10 gm, in 100 c.c, of alcohol ) were 
added. After heating for a short time, the 
solution was ccoled and kept at 10°C. for 18 
hr. The insoluble magnesium soaps (A) were 
filtered, washed with a little alcohol and de- 
composed with hydrochlcric acid. The solid 
fatty acids liberated wer^ removed by ether. 
On distilling off the solvent, 14 per cent of 
yellowish-brown acid sil l^ng a meltifig point 
between S7%S8®C., i^me "value 58*2, and 
neutralization value 202-1 were obtained. 

The fatty acids recovered from the filtrate 
of the magnesium soaps (A) had a neutral- 
iza.tion value 202*3 and an iodine "value 
179^8 ( Woburn method B ), They were 
again dissolved in 90 per cent alcohol, treated 
with a solution of magnesium acetate in 
90 per cent alcohol, and the precipitate was 
filtered pi!. The fatty. acids recovered from 
thu filtrate and recr^allizcd from 80 per 
xekt alcohol 3deldcd trichd^nic acid in 
small lamiinae. It bad the Mlowiug cor s- 
tants : m.|v 34®-3SX. ; neutralization value 
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199'7 ; iodine value 261*2 ( Woburn method 
B);d«®, 0-9016; n*?, 1*5106. 

When a solution of the acids in petroleum 
etW containing a trace of iodine was ir- 
radiated by a mercury vapour lamp for 3 
hr. and cooled, a large amount of crj^talline 
solid separated. It was filtered and crystal- 
lized from alcohol when p-elaeostearic acid 
(m.p. 70®-7rC.) was obtained. The petro- 
leum ether filtrate was concentrated to a 
small volume and cooled in the refrigerator 
overnight, which resulted in a further re- 
covery of this acid. This treatment was re- 
peated several times. The residual acids 
remaining after the removal of the solvent 
from the final filtrate gave a diene value 
( Ellis and Jones ) 8*4. Therefore, it is evi- 
dent that the mixture still contained 
appreciable quantities of diene acid. 

To 7 gm. of the residual acids, sodium 
hydroxide ( 8 gm.) in 800 c.c. of distilled 
watiSlp was added, and the solution were 
heated for 1 hr. on the steam bath. After 
cooling, . 3*5 litres of ice-cold water were 
added, then 650 c.c. of 1 per cent potassium 
permanganate were poured into the soap 
solution in a thin stream with constant 
shaking at 10®C. The solution was kept for 
8 min. and then decolourized with sulphur 
dioxide. Concentrated hydrochloric acid 
( 160 c.c.) was added and the liquid allowed 
to stand for 42 hr. at room temperature. 
The white precipitate which settled down 
was filtered and washed with a small amount 
of petroleum ether. The precipitate Wks 
then shaken with dry ethyl ether and after- 
wards refluxed with ethyl acetate. The 
combined residue left over after evapora- 
ting ethyl ether, and ethyl acetate was 
crystallized twice from alcohol, when white 
crystals of dihydroxy stearic acid, melting 
at 130°-131X., were obtained, proving the 
presence of oleic acid. 

The undissolved precipitate of the hydroxy 
acids left over after extraction with ethyl 
acetate was cr 3 retallized from large quan- 
tities of boiling water containing a small 
amount (1 c.c.) of hydrochloric acid. White 
needles of tetra hydroXystearic acid (ni-P- 
153®-155°C.) were obtained. 

To confitm the presence of linoleic acid, 
the residual acids were dissolved m ethef 
snlphu^, cooled ( — l&X.) and an ethereal 
solution of bi^ added in excess 

with constant shakuig. After 2 hours* stan^f* 
ing in an ice^salt hath, the excess of bfomine 
was removed with cMlute sodium thiosulphate. 
The solution was evaporated at a low tern- 
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perature under vacuum. To the dark-brown 
residue, petroleum ether in excess was 
added, and the mixture refluxed to a clear 
solution. After keeping overnight in a 
refrigerator, colourless needles ( m.p. 111®- 
112°C.) were obtained. The melting point 
was not lowered when mixed with an authen- 
tic specimen of linoleic tetrabromide. To 
further distinguish it from the tetrabromide 
of elaeostearic acid, which has the same 
melting point, the iodine value of this 
substance was determine4( Wij's method) 
after irradiation with a mercury vapour 
lamp and was found to be 2*7 ( negligible ). 
This showed that the brominated product 
was tetra bromostearic acid obtained from 
linoleic acid. 

The composition of trichosanic, linoleic, 
oleic and saturated acids in the seed oil of 
Trickosanthes anguina, Linn, were calculated 
according to the methods of Kaufmann and 
Baltes'* and Mckinney and Jamieson^*. The 
following results were obtained : 


Kaufmann & Baltes 
method 

% 


Mckinney & 
Jamieson 
method 
% 


Trichosanic acid 

40-19 

Linoleic acid 

15-41 

Oleic acid 

25-92 

Saturated acids 

12-35 


55-59 

25-98 

12-32 


The saturated acids, as obtained by Bertram 
oxidation method, were 12*5 per cent. They 
had a neutralization value 201*7, corres- 
ponding to the mean molecular weight 
278*1. From these values the composition 
of the acids can be computed as : palmitic 
acid 22*7 i>er cent ; stearic acid 77*3 per 
cent. Various fractions of the acids ob- 
tained by crystallization from dilute alcohol 
gave melting points varying between 60°C. 
and 66®C. 


The composition of the oil, therefore, is 
the following : 


% 

Trichosanic acid 40*19 

Linoleic acid 15*41 

Oleic acid 25-95 

Palmitic acid 2*80 

Stearic acid 9*54 

Glycerine 4*69 

Unsaponihable matter consisting of 1*42 


sitosterol, a resinous material and a 
reddish-brown colouring matter 
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Hypochlorite Oxidation Pf 
Cellulose in Presence of Mixtures 
of Certain Vat Dyes — Part II 

G. M. NABAR & J. A. RATHOD 

Department of Chemical Technology, University of Bombay 


I N part I of this communication^, the 
oxidation of cotton cellulose dyed with 
a mixture' pf Ciba Blue 2B ( oxidizable 
dye) and Cibanone Orange R (un- 
oxidizable dye ) by dilute solutions of 
sodium hjrpochlorite at a fixed of 9‘1, 
using dyeings prepared from varying concen- 
trations of the dyes, has been studied. The 
results of these experiments indicated that 
the powerful accelerating, action of reduced 
Cibanone Orange R was almost completely 
masked when reduced Ciba Blue 2B was 
also present on the fibre during h 3 TX)chldrite 
treatment. In the absence of Ciba Blue 
2B, leuco Cibanone Orange R behaved as a 
powerful accelerator of the oxidation of 
c^ulose. It was further shown that leuco 
Ciba Blue 2B did not accelerate the oxidation 
of cellulose. On the other hand, it itself was 
attacked by the hypochlorite in preference 
to the cellulose substrate. 

The present investigation gives an account 
of the experiments carried out, with the 
systems described in Part I, over a wide 
range of hydrogen ion concentration of the 
hypochlorite solutions. Mixed dyeings 
from the two dyes were prepared as described 
previously and these were treated with 
buffered hypochlorite solutions ( both in the 
reduced and unreduced state ). The oxygen 
loss from the solutions was calculated and 
the oxidized dyeings ™rp examined for their 
cuprammonium fluidity. The results shpw 
that with a decrease m of the hypo- 
chlorite solution, the influence of Ciba Blue 
2B on the accelerating action of Cibanone 
Orange R becomes less and less pronounced. 

Experimental 

The details r^arding the dyejkif of cotton, 
the reduction of dy^ cotton rmd the h 5 rpo- 
chl(»‘ite treatment of the leuco dyemgs nave 
been ^givoi in the earlier paper^. The hypo- 
clflmrite scfluticnis were Imfferad to suitable 
h)i»dBogen mn C(mc«itmti(^ i^iag the fol^ 
.'lowing buHsrs:': v ■; ■ 


Mixtures of M/5 sodium acetate and M/5 
acetic acid for pH values from 4 to 5 ; 
mixtures of M/15 potassium dihydrogen 
phosphate and M/15 disodium hydrogen 
phosphate for values from 5*2 to 8 ; 
mixtures of M/20 borax and WS hydro- 
chloric acid for pH values from 8 to 
9-15 ; and 

mixtures of M/5 sodium bicarbonate and 
€2M/5 sodium carbonate for pH values 
from 9 to lO’S. 

The strength of the hypochlorite solutions 
was kept as nearly as possible to 3 gm. av. 
Cl/1. The hypochlorite treated dyeings 
were examined for their cuprammonium 
fluidities. These were determined by the 
method recommended by the B.C.I.R.A.* 
In Table I are summarized the results 
obtained when 2 per cent leuco Cibanone 
Orange R dyeings were treated with hypo- 
chlorite solutions. Cibaabne Orange R is 
very resistant to the aftkm of sodium hypo- 
chlorite and ahnost all oxygen lost from the 
solutiim lihbuld be used up in modifying the 
cell^oee substrate. 


TABLE I — TREATMENT OP R EDUCU tP CIBANONE 
ORANGE R DTEINO (3^ WITH DILUTE 
SODIUM HYPOCSHLORITE SOLUTIONS 
AT 30°a POR 10 MIN. 


OP 

OXVCEH LOST PER 

Cuprammonium 

HYPOCHLORITE 

100 CM. OF OVEINO 

FLUIDITY OF THE 

SOLUTION 

TREATED, MILLIMOLES 

TREATED’ DYEINO, 
0*6% SOLUTION 

409 

4*5 

28*8 

698 

6*8 

S3*l 

617 

til 

87*1 

7*14 

7*97 

56*5 


42*2 

8*64 

6-2 

88*0 

902 

4*8 

84-9 


In Table 11 are summarized results ob^ 
tained when leuco Ciba Blue 2B dyeings were 
treatea"ldth hypochlorite solutions. It is 
seen that in sj^te of higher oxygm con* 
sumption than in the case of hmco Cibanone 
(kai^ R, the cufamimuHiium fluidRies of 
the treaded ifyerags are very ihu^ lower. 
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The dyeings appear to be weaker in depth, 
a considerable amount of the dyestuff being 
oxidized by the hypochlorite solution. 

In Table III the results obtained with 
the reduced niixed dyeings are summarized. 
It is seen that the oxygen loss is very much 
higher than when Cibanone Orange R dyeings 
were oxidized. 


TABLB II — TREATMENT OF REDUCED GIBA BLUE 
aB ( 2% ) DYBINO WITH DILUTE SODIUM 
HYPOCHLORITE SOLUTIONS AT aO°C. 

FOR to MOlf 


pH. OF Oxygen lost per Cuprammokium 

HYPOCHLORITE 100 GM. OF DYEING FLUIDITY OF THE 
SOLUTION TREATED, MILLIMOLES TREATED DYEING, 

0 • 5% SOLUTION 


4-61 

11*4 

6’42 

la-o 

6-75 

15-9 

6-31 

17*2 

7’83 

14-2 

8-01 

12-4 

O’OO 

10’3 


24-5 

27-6 

310 

34-5 

21*6 

181 

110 


TABLB III — TREATMENT OF DYEING PREPARED 
FROM A MIXTURE OF GIBA BLUE 2B ( 2% ) A 
CIBANONE ORANGE R ( 3% ) WITH DILUTE 
SODIUM HYPOCHLORITE SOLUTIONS 
AT 30“a FOR to MIN. 



pH OF HYPOCHLORITE SOLUTION 


pH OF Oxygen lost per Cuprammonium 

KYrO<^HLORITE 100 GM. OF DYEING FLUIDITY OF THE 
SOLUTION TREATED, MILLIMOLES TREATED DYEING, 

O’ 5% SOLUTION 


Fig. 1 — Relation between oxygen con- 
sumption AND pH of hypochlorite SOLUTION. 


4 ’51 

ll’O 

31 ’5 

4-76 

12’8 

830 
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Discussion 

Examination of the results, set out in 
Tables I-III and shown graphically in Figs. 
1 and 2, does not substantiate the conclusions 
arrived at in part I, viz. that the presence 
of Ciba Blue 2B completely destroys the 
accelerating action of Cibanone Orange R. 
Reference to Fig. 1 shows that the mixed 
dyeings show approximately the same oxygen 
consumption as those prepared from Ciba 
Blue 2B alone. The dyeings prepared from 
Cibanone Orange R alone, however, consume 
much less oxygen than either of the above 
two dyeings treated under identical condi- 
tions. If the curves relating the cupram- 
monium fluidity of the three dyeings to 
of h 3 rpochlorite solutions ( Fig. 2 ) are exa- 
mine, it fe seen that in spite of higher 
oxygen consumption by both the Ciba Blue 
2B dyeings and the mixed dyeings, the 
chemical modification of the cellulose subs- 
trate is corisi<fef#>ly loper, the curve for 
the mi^ midway between 



Fig. 2 — Relat.on between cuprammonium 

FLUIDITY OF THE TREATED DYEING AND /»H OF 
HYPOCHLORITE SOLUTION. 


the curves for the two dyes, but more or less 
running parallel to the Ciba Blfie 2B curve. 
This indicates that the Ciba Blue 2B is 
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oxidized by hypochlorite more readily than 
the celliilose on which it is dyed. 

Another very important point which is 
clearly brought out is the difference in the 
for maximum oxygen consumption and 
maximum cuprammonium fluidity of the 
oxidized dyeings. Leuco Cibanone Orange 
R dyeings show a maximum oxygen co.isump- 
tion and maximum cuprammonium fluidity 
at about 7‘3. Ciba Blue 2B dyeings 
show the maximum point at about 6-3. 
In the case of the mixed dyeings, the pM 
for maximum consumption is the same as 
that for Ciba Blue 2B and does not appear 
to be influenced by the presence of Cibanone 
Orange R. Nabar and Turner® have shown 
that when cellulose impregnated with ferrous 
hydroxide is treated with sodium hypo- 
chlorite solutions, maximum oxygen con- 
sumption and maximum cuprammonium 
fluicuty sure shown to be at about pYi 6*3. 
It has been suggested* that the intensity of 
accelerated oxidation might be conditioned 
by the reduction potentials of the substance 
pr^nt on the cellulose substrate during 
oxidation. That this is so is clearly shown 
hf the results of Mhatre and Nabar® and 
Jfoshi and Nabar* who have shown that the 
intensity of oxidation is dependent on the 
reduction potentials of ferrous hydroxide, 
and Cibanone Orange R respectively, If 
this is so, the Ciba Blue 2B must, in some 
way, influence the reduction potentials of 
Cibanone Orknge R. This aspect of the 
work is under investigation and will be dis- 
cussed elsewhere. 

From the foregoing it is clear that the 
presence of Ciba Blue 2B inflliences the 
accelerating action of Cibanone Orange R 
to a considerable extent though its 
activity is not completely masked as was 


believed to be from the results described 
in part I. 

Summary 

1. The oxidation of cellulose, d}^ with 
Ciba Blue 2B; Cibancme Orange R and their 
mixture in the reduced state, by dilute 
solutions of sodium hypochlorite solutions 
adjusted to different values, is studied. 

2. It is found that reduced Ciba Blue 2B 
and the reduced mixed dyeings show maxi- 
mum oxygen consumption and maximum 
cuprammonium fluidity of the treated dyeings 
at a of approximately 6*3. The re- 
duced Cibanone Orange R ^eings show the 
maximum point at about pH 7*3. 

3. In presence of reduced Ciba Blue 2B, 
the reduced Cibanone Orange R loses its 
identity as seen from the shift iii the pH 
for maximum oxygen consumption by the 
mixed dyeings. 

4^vThe influence of Ciba Blue 2B on the 
accelerating action of Cibanone Orange R 
on the oxidation of cellulose becomes less 
and less pronounced with decreasing 
of the hypochlorite solution. 

5. The results indicate that Ciba Blue 2B 
exerts some influence on the reduction 
potentials of Cibanone Orange R. 
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Influence of Organic Matter on the Bactericidal 
Efficiency of Indian Essential Oils 

S. M. BOSE, C. N. BHIMA RAO & V. SUBRAHMANYAN 
Department of Biochemistry, Indian Institute of Science, Bangalore 


T he germicidal property of essential 
oils has been known for a long time. 
Smith^ investigated the germicidal 
power of eucalyptus oils. Dyche- 
Teague* and Bryant^ found that many of 
the commercial perfumes possessed anti- 
septic properties. Penfold and Grant^ and 
Rideal et al^ systematically studied the 
disinfecting properties of Australian essential 
oils and their constituents. De and Subrah- 
manyan®, De’, and Subrahmanyan® deter- 
mined the germicidal values of a number of 
Indian essential oils and their constituents. 
Romaine®, Reddish^® and others have stu- 
died the disinfecting properties of pine-oil 
emulsions. 

Most of these workers assessed the bacteri- 
cidal potency against only one test organism, 
B-typhosus, by the Rideal-Walker test in 
a medium of distilled water. The Rideal- 
Walker test may not, however, always 
yield results of direct practical significance. 
In practice, most often, a disinfectant has 
to exert its effect in the presence of organic 
matter in some form or other, A test for 
practical efficiency of a disinfectant must, 
therefore, include a suitable form of organic 
matter in the test medium. 

The fact that the germicidal value of 
emulsified disinfectants is seriously reduced 
in the presence of faeces has been pointed 
out by Kenwood and Hewlett^^, Winter 
Blyth'* used both dissolved and suspended 
organic substances and found a surprising 
reduction in the activity of coal-tar dis- 
infectants when milk was added to the test 
mixture. Chick and Martin^® developed a 
test by which the disinfectant is tested in 
the presence of 3 per cent heat-sterilized 
faeces. Garrod^® devised a modification of 
the Chick-Martin test using a 5 per cent 
suspension of yeast instead of faeces as a 
standard form of organic matter4 Jensen 
and Jensen^® determined the phenol coeffi- 
cients of some disinfectants, after the 
additim of ^fierent;^uantit^ of various 
oilganife the cover-:slip method* 


They showed that the phenol coefficient 
varied with the nature and alliount of the 
organic substance added to the' disinfectant. 
Chick and Martin'® indicated that adsorption 
of emulsion particles by some organic subs- 
tances greatly reduced the germicidal value 
of the emulsified disinfectant. 

In the present investigation, a number of 
Indian essential oils have been tested for 
their germicidal efficiency in presence of 
organic matter. For comparison, parallel 
determinations of phenol coefficients by the 
Rideal-Walker test have also been carried 
out. The germicidal efficiency of the oils 
has also been measured against different 
organisms by the Rideal-Walker test. 

Experimental 

In the Chick-Martin test'®, organic matter 
and disinfectant dilutions are first mixed, 
and the culture of the test organism added 
to this mixture after an unspecified interval 
of time. This is not, however, met with in 
practical disinfection. In order to bring 
the test in line with practical conditions, 
Garrod'® preferred the procedure of the 
previous admixture of culture and organic 
matter. Accordingly, Garrod’s modification'® 
of the Chick-Martin test has been adopted in 
our studies. The test is somewhat similar 
to that of the Rideal-Walker test, the dif- 
ference being that yeast is present and that 
the dilutions of disinfectant and phenol are 
allowed to act on the test-organism for a fixed 
time of 30 min. instead of varying the 
periods. In regard to other details, the 
procedure is the same as that of the Rideal- 
Walker method. 

Dried powdered yeast ( 5 per cent ) is 
suspended in distilled water. The sus- 
pension is autoclaved and subsequently 
neutralized with sodium hydroxide solution 
( N/I ). For the test, the mixture of culture 
and yeast suspension is made by adding 
1 part of a 24-hr. culture of B. typhosus to 24 
parts of yeast suspension. 2*y c.c. of this 
mixture are added to 2*5 c.c. of dilutions 
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(^f the tjisinlectant and of phenol and kept 
at a temperatare to 18®*20X. in a thermo- 
stat; After 30 min*, cultures are made and 
incubated at 37®G. for 48 hr. The phenol 
coefficient is calculated by dividing the mean 
of the highest concentration of phenol per- 
mitting growth and the lowest concentration 
producing sterility, with the corresponding 
mean of the disinfectant. 

For conducting the Rideal-Walker test, 
every detail, as recommended by Whitby^’, 
was rigidly followed, 0*2 c.c. of a 24-hr. 
culture of B\ typhosus was exposed to 5 c.c. 
samples of the different dilutions of the 
disinfectant and of the phenol for varying 
periods at a temperature of 18®-20®C. The 
mixed bacilli and disinfectant were then 
inoculated into broth tubes at half minute 
intervals. The inoculated tubes were incu- 
bated at 37X. for 48 hr. and examined 
for the growth. The Rideal-Walker co^ 
efficient was calculated by dividing the 
figure indicating the degree of dilution of 
the disinfectant which shows life up to 5 min. 
but no life thereafter, by that figure indi- 
cating the degree of the corresponding 
dilution of phenol. 

Each of the oils, before testing, was freshly 
steam-distilled, dried over anhydrous sodium 
sulphate and emulsified under identical 
conditions by using 1 per cent oil, 1 per 
cent potassium oleate as the emulsifying 
agent, and per cent potassium carbonate 
as the emulsion-stabilizer, as suggested by 
De and Subrahmanyan*. The soap and the 
carbonate were first soaked in water, the oil 
added and the mixture triturated in a mortar 
till the oil was properly incorporated and a 
creamy paste resulted. On dilution to the 
required volume, the paste formed a milky 
emulsion which was finally homogenized 
twice in a small mechanical homogenizes 
All the emulsions thus prepared were stable 
and could be diluted with water in all pro- 
portions without any Sej^aration of the oil. 
Potassium oleate used was prepared by 
refluxing a mixture of alcoholic solution of 
oleic acid and alcoholic potash in slight 
excess for about 3 hr. and evaporating olE 
the alcohol and finally drying the soap in a 
desiccator. 

The results obtained are given in Table h 

The results show that of all the bib tested, 
lemon-grass oil haS the highest R-W co<^- 
cbnt as ifeU M the highest phenol coefficient 
As detemined by the although 

fhe ^tter hal| t^t of the 

former. A4^ntion^ w dsrect^ 


TABLl BFfaCT W T»S FRSSaNCjB OF 

ORGANIC MATTER UPON tMB OBRMlCabAL 
EFFICIENCY OF ESSENTIAL OILS 


Oil 

R-W. 

Phenol 


COEFFICIENT 

COEFFICIENT 
BY GaRROD*8 



TEST 

Lemon'grass oil 

17-6 

9-2 

Cimiaiiion-bark oil 

U’O 

70 

Palmarosa oil 

ISO 

6-4 

Ginger*grass oil 

CitroiMlla oil 

11-6 

100 

5-5 

4*4 

Cardamom oil 

7-6 

S-5 

Cubeb oil 

60 

2*8 

Fennel oil 

60 

2-2 

Clove oil 

60 

20 

Pine oil 

5-5 

25 

Patchouli oil 

85 

10 

Eucalyptus oil 

30 

1-2 

Sandalwood oil 

20 

<1 

Turpentine oil 

<1 

nil 


to the study of the germicidal action of lemon- 
grass oil under various conditions. As in 
the majority of cases of practical disinfection, 
different kinds of organic matter are present 
either singly or in combinations, it seemed 
of great practical importance to study the 
influence of various forms of organic matter 
in suspension or in a solution, as the case 
may be, upon the bactericidal efficiency of 
lemon-grass oil emulsion. Organic materials 
such as faeces, milk, gelatin, starch, etc., 
were used. Garrod's'* modification of the 
Chick-Martin test was followed using one 
of these organic materials instead of yeast. 
For comparison, similar tests on phenol 
solution were also carried out. The phenol 
coefficient was determined after contact with 
both phenol solution and phenol solution 
with addition • of organic material. The 
results obtained are given in Table II. 

Of the several oils tested, those which 
gave fairly high R-W coefficients against 
B. typhosus were selected and their bacteri- 
cidal efficiencies were assessed against several 
Gram-positive and Gram-negative organbms, 
as also an acid-fast organism. Among the 
Gram-negative, most of the organisms under 
Coli, Typhoid, Salmonella and Dysentery 
groups, and among the Gram-positive, Pneu- 
mococcus and a few organisms under Strep- 
tococcus and Staphylococcus groups were 
employed as test organisms. Ail the organ- 
isms grew readily on the R-W broth 
with the exception of only Streptococcus 
haemolyticus^ and Pneumococcus, For the 
growth of these two organbms, serum broth 
was used. For testing against Vibrio ckol^^ 
the of the R-W broth was adjusted at 
8*0 instead of the usual of 7*6. Myco- 
bacterium pkiei grew in the R-W broth 
after 72 hr. of incubation at 37X* >Tlie 
resets obtained are labUbted 
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TABLE U— GERMICIDAL POWER OP LEMON-ORASS 
OIL RW, COEPPm 17*0 ) IN PRESENCE OP VARIOUS 
ORGANIC SUBSTANCES 


Organic Substance Concen* Phenol coefficient 
TRATION ( GaRROD ) CALCULATED 
% WITH 

-*■ 


Faeces 

3 

Phenol 

6-4 

Phenol -f 
organic 
substance 

6-9 

Faeces 

6 

3-2 

41 

Urine 

8 

10-6 

10-6 

Urine 

6 

8-3 

8-5 

Faces 

+ 


1 6.1 

6 6 

Urine 




Sewage water 

3 

9-6 

Sewage water 

6 

7-6 

7-9 

Serum 

3 

6-3 

6-8 

Serum 

0 

80 

8-8 

Saliva 

3 

15-2 

15-2 

Saliva 

6 

13-3 

13-3 

Milk 

3 

6-6 

5-9 

Milk 

6 

a-6 

4-3 

Egg albumin 

8 

91 

9-8 

Gelatin 

3 

90 

9-2 

Starch 

3 

11*3 

11-6 

Gelatin 

+ 

*1 

K 7-8 

81 

Starch 




Peptone 

3 

12S 

12*6 


Note : The various organic materials used for the tests were 
obtained under sterile conditions. The albumin was with* 
drawn from fresh eggs ( hen’s ) under aseptic conditions and 
mixed with three parts of sterile physiological salt solution. 
Urine was filtered through a Chamberland filter. Pasteurized 
milk was used. The faeces sample obtained from a human 
subject was dried at lOO^’C.. powdered and passed through a 
fine sieve: The suspension of the fine particles in distilled water 
was autoclaved ana subsequently neutralized with alkali. 


TABLE III — GERMICIDAL EPPICIENCY OP ESSEN- 
TIAL OILS AGAINST DIPPBRENT ORGANISMS 


Organism 


R*W 

COEFFICIENT 

JL . 


r 

Lemon - 

Cinna- 

Palma- 

Ginger- 

Citro- 


grass 

mofi- 

rosa 

grass 

Aella 


oil 

bark oil 

oil 

oU 

oil 

Oram-aegatlve 

B. typhosus 

17-6 

140 

18-0 

11-5 

10 

B, typhosus A 

18*5 

14'5 

140 

120 

10 

B, typhosus B 

18-5 

14-5 

140 

120 

10 

B, typhosus C 

18-6 

14-5 

140 

120 

10 

B. enteritidis 

17-6 

14 5 

13-5 

110 

9 

B: shigae 

160 

ISO 

13.0 

90 

0 

B. fUxneri 

160 

120 

130 

90 

9 

B. coli 

185 

120 

140 

110 

10 

B. aerogsnes 

18-5 

120 

140 

110 

10 

Proteus vulgaris 

160 

140 

12 0 

70 

8 

Vibrio cholera* 

12>5 

8’0 

8-6 

50 

5 

B, pyocyaneus 

140 

90 

100 

80 

7 

Gnun-poaitlve 

Staphylococcus 

6-5 

CO 

4*0 

20 

2 

aureus 

Staphylococcus atbus 

6-5 

40 

40 

30 

3 

Streptococcus 

5-5 

20 

80 

2-0 

2 

pyogenes 

Streptococcus 

40 


20 

10 

1 

haemolyticus 

Pueumococeus 

IL-O 

10 

I’O 

<10 

<1 

AcM-ftuit 

Myt^obafiterium 

< 1:0 

<10 

<1-0 

<10 

<l 

phm 


extent in presence of yeast suspension. 
The phenol coefficients obtained in a medium 
of distilled water by the R-W test are in 
most cases more than double the values 
obtained by the Garrod's test. The latter 
values, however, give a more correct indica- 
tion of the disinfecting power of the oils 
from the point of practical disinfection. 
Of all the oils tested, lemon-grass oil has the 
highest bactericidal action as demonstrated 
in the medium of distilled water as well 
as in the presence of organic The 

other uils which also possess high germicidal 
action are cinnamon-bark oil, palmarosa 
oil, ginger-grass oil and citronella oil. 

From Table II it is evident that the dis- 
infecting power of phenol is affected but 
slightly by the addition of various organic 
substances, whereas that of the emulsified 
disinfectant is reduced to a considerable 
extefit. The interference varies with the 
nature and condition of the organic matter 
added. The suspended matter appears to 
reduce the efficiency of the disinfectant to a 
more pronounced extent than the dissolved 
one. In presence of 3 per cent faeces, 
serum or milk, the disinfecting power of 
lemon-grass oil is reduced to about one- 
third of its original R-W coefficient. 

The results given in Table III show that 
in comparison with the 5 oils tested, lemon- 
grass oil gives the highest R-W coefficient 
as determined against different organisms. 
In general, the essential oils are found to be 
highly active against Gram-negative organ- 
isms. The activity against Gram-posi- 
tive organisms, however, is very low and 
practically no bactericidal action is shown 
when tested against the acid-fast organism. 

It has thus been demonstrated that of all 
the essential oils examined, Indian lemon*; 
grass oil possesses the highest bactericidal 
action against different pathogenic organisms 
in a medium of distilled water as well as 
against B. typhosus in the presence of dif- 
ferent kinds of organic matter. Hence^ 
further systematic work was taken up with 
a view to attempting to standardize all the 
conditions necessary for the preparation of a 
suitable disinfectant out of lemon-grass oil 
and the results will be reported in subse- 
quent communications. 


Dlscutaioii 

^ It k obvious from Table I that the dis- 
infecting power of thi^ emulsions p 
out of essential o8s is reduced to a large 


Summary 

1. Several Indian essential oils were 
emulsified and tested for their bactericidal 
efficiency both by the Rideal- Walker method 
in a medium of distilled water, and by 
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Garrod's modified method of the Chick- 
Martin test in presence of a 5 per cent yeast 
suspension. The germicidal action of each 
oil was found to be considerably reduced in 
the presence of yeast suspension. 

2. Lemon-grass oil, having been found 
to be most active, was subjected to further 
systematic tests in the presence of different 
kinds of organic matter. Notable reduction 
in germicidal activity was observed in the 
presence of faeces, serum and milk. 

3. The bactericidal efficiency of the oils 
which gave high R-W coefficients against 
B-typhosus was further measured against 
different organisms and was found to be 
generally high against Gram-negative bac- 
teria but low against Gram-positive organ- 
isms. The activity against the acid-fast 
organism was practically nil. 
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Relationship Between the Chemical 
Constitution of the Constituents of Certain 
Essential Oils & Their Bactericidal Properties 

S. M. BOSE, C. N. BHIMA RAO & V. SUBRAHMANYAN 
Department of Biochemistry, Indian Institute of Science, Bangalore 


T he relationship between the chemical 
constitution of terpenes and their 
germicidal action has received very 
little attention. De^ attempted to 
correlate the disinfecting properties with the 
chemical constitution of different terpene 
alcohols, aldehydes, ketones, phenols, oxides, 
esters, hydrocarbons and sesquiterpenes, and 
indicated that the compounds containing 
•—OH, — CHO, —CO— and — O— groups 
were generally active. No quantitative study 
on the comparative influence of these groups 
on the germicidal power has, however, been 
carried out so far. 

The high bactericidal properties of several 
Indian essential oils, viz. lemon-grass, cin- 
namon-bark, palmarosa, ginger-grass and 
citronella oils have been reported in a 


previous communication*. In the present 
study, the chief constituents from these 
essential oils have been isolated and examined 
for their germicidal activity. Further, in 
order to demonstrate the influence of the 
chemical structure of these constituents on 
their bactericidal power, compounds have 
been prepared from them and tested for 
germicidal action. The extent to which the 
presence of the —OH and —CHO groups in 
the terpene alcohols and aldehydes enhance 
germicidal efficiency with special reference to 
the degree of unsaturation as well as the posi- 
tion of the double bond has been clearly shown . 

Experimental 

Citral was isolated* from lemon-grass off 
by mechanically shaking the oil with a 
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solution of a mixture of sodium sulphite 
and sodium bicarbonate and finally liberating 
citral from the solution of the addition 
compound formed by alkali and ether. 

Cinnamic aldehyde was isolated^ in a 
similar way from cinnamon-bark oil using a 
saturated solution of sodium bisulphite. 

Citronellal was isolated from Ceylon citro- 
nella oil by the method suggested by 
I^oulez® using a solution of a mixture of 
sodium bisulphite and sulphite. 

Geraniol was isolated* from palmarosa 
oil by forming the compound of geraniol 
with freshly fused powdered calcium chloride 
and finally decomposing it with water. 

Geranic acid was prepared’ from citral by 
forming first citral-oxime with hydroxyl- 
amine hydrochloride, then converting the 
oxime into the nitrile of geranic acid with 
acetic anhydride and finally by hydrolysing 
the nitrile with alcoholic potash. 

Citronellic acid was prepared* in a similar 
way from citronellal. 

Citronellol was prepared by reducing 
citronellal by sodium and anhydrous ethyl 
alcohol by the usual method of reduction. 

Hydro-cinnamic aldehyde was prepared 
by oxidizing hydro-cinnamyl alcohol ( phenyl 
propyl alcohol ) with a mixture of potassium 
dichromate and sulphuric acid by the stan- 
dard method of oxidation. 

The methyl ethers of geraniol, citronellol, 
cinnamyl alcohol and hydro-cinnamyl alcohol 
were prepared* by forming first the chloride 
of the corresponding alcohol using thionyl 
chloride and anhydrous pyridine and subse- 
quently by converting the chloride formed 
with methyl alcohol and sodium. 

Each of the compounds was vacuum- 
distilled at 10 mm. pressure. The refractive 


index was determined by the Abbe ref racto- 
meter at The other compounds were 

secured from the 

As mentioned in the previous communica- 
tion*, the various compounds were emulsified 
under identical conditions by using 1 per 
cent of substance to be tested, 1 per cent 
potassium oleate as the emulsifying agent 
and 0*5 per cent potassium carbonate as the 
emulsion-stabilizer, and examined for the 
Rideal-Walker coefficient using B, typhosus 
as the test organism. In a few cases where 
the substance was solid, it was fir st dissolved 
in the least possible amount of alcohol and 
then emulsified. The results are given in 
Table I. 

Discussion 

The comparative figures for the bacteri- 
cidal properties of terpene aldehydes and 
their corresponding alcohols, viz. citral and 
geraniol, citronellal and citronellol, cinnamic 
aldehyde and cinnamyl alcohol, hydro- 
cinnamic aldehyde and hydro-cinnamyl al- 
cohol, show that in general the --CHO group 
is more powerful than the —OH group. 

The extent of influence of the presence 
of the aldehydic group in citral, cinnamic 
aldehyde, citronellal and hydro-cinnamic 
aldehyde on their bactericidal efficiency is 
demonstrated from the most pronounced 
reduction in the R-W coefficients of the 
corresponding acids, viz. geranic, cinnamic, 
citronellic and hydro-cinnamic acids, the 
last 2 acids being devoid of any germicidal 
activity. 

The importance of the hydroxyl group 
for maintaining the germicidal potency of the 
terpene alcohols is obvious from a comparison 
of the R-W coefficients of the alcohols, viz. 


TABLE I — RELATIONSHIP BETWEEN CHEMICAL CONSTITUTION & R-W COEFFICIENT 


Compound 


CHtMICAL FORMULA 


Citral 
Citronellal 
Cinnamic aldehyde 
Hydro-cinnamic aldehyde 
Geraniol 
Citronellol 
Cinnamyl alcohol 
Hydro-cinnamyl alcohol 
Geranic acid 
Citronellic acid 
Cinnamic acid 
Hydro-cinnamic acid 
Methyl geraniol ether 
Methyl citronellol ether 
Methyl cinnamyl ether 
Methyl hydro-cinnamyl 
ether 


H,),C : CH.CH,.CH,.C(CH,) : CH.CHO 
H,)X : CH.CH,.CHj.CH(CH,).CH,.CHO 
H..CH : CH.CHO 
H,.CH,.CH,.CHO 

H,),C : CH.CH,.CH,.C(CH,) : CH.CH.OH 

H,),C ; CH.CH..CH,.CH(CH,).CH,.CH,OH 

H..CH : CH.CHjOH 

H,.CH,.CH,.CH,OH 

H,),C ; CH.CH,.CH,.C(CH,) ; CH.COOH 

H,),C :CH.CH,.CH,.CH(CH,).CH,.COOH 

H,.CH :CH.COOH 

Hs.CH,.CH,.COOH 

H,)X : CH.CH,.CH,.C(CH,) : CH.CH,.O.CH, 
H,),C : CH.CH..CHtCH(CH,).CH,.CH,.O.CH, 
H,.CH : CH.CH,.O.CH, 
H*.CH,.CH,.CH,.O.CH* 


Constants 

K-W 

A. 

— 

COLFUCIENl 

B. p. at 

Kef. index 


10 mm., X. 

at 20 C. 


1(»7 100 

1-4873 

20 0 

8« - 88 

1 4572 

1 2 - 5 

118-120 

1 -0189 

19-5 

102 105 

1 5228 

8-0 

111 114 

1 •47«8 

15-5 

08-100 

1-4558 

8-0 



11-0 



5-0 

149-152 

l-48W» 

2-5 

141-143 

1-4542 

<1 



2 5 



<1 

87- 88 

1 - 4088 

4-5 

79- 82 

1 4541 

1-0 

1(M)-103 

1 5734 

3 0 

88 - 92 

1-5318 

1 -0 
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geraniol, citronellol, cinnamyl and hydro- 
cinnamyl alcohols, with those of the corres- 
ponding methyl ethers » The R-W co- 
efficient of the methyl ether is remarkably 
reduced as compared with that of the cor- 
responding alcohol. 

Again, in spite of the presence of the 
—CHO group, the bactericidal efficiency of 
citronellal is much lower than that of citral ; 
also, the efficiency of hydro-cinnamic alde- 
hyde is significantly lower than that of cinna- 
mic aldehyde. Similarly, the bactericidal 
efficiencies of citronellol and hydro-cinnamyl 
alcohol are appreciably lower than those of 
geraniol and cinnamyl alcohol respectively, 
although the hydroxyl group is present in 
each of the 4 compounds. Th^se results 
show that unsaturation in general and, 
especially, the presence of the a-^ double 
bond enhances the germicidal activity of 
terpene aldehydes and alcohols. 

The slight activity of geranic and cinnamic 
acids and methyl ethers of geraniol and 
cinnamyl alcohols may be ascribed to their 
unsatUration owing to the presence of the 
double bond in the a-p position. 

Summary 

1. Some of the important constituents 
of the Indian essential oils were isolated and 
examined for their R-W coefficients. 

2. The bactericidal action of the com- 
pounds has been correlated with their chemi- 


cal constitution. The —CHO group has been 
found to be generally more active than 
the —OH group. The presence of an a-p 
double bond in terpene aldehydes and 
alcohols enhances the efficiency of the active 
group. 

3. The extent of influence of aldehydic 
and alcoholic groups on the bactericidal 
action has been demonstrated. The acids 
prepared from aldehydes and the methyl 
ethers prepared out of alcohols have been 
found to be practically devoid of germicidal 
activity. 
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Preliminary Investigations on the Physico- 
chemical Properties of Some Indian Bricks 

L. C. JAIN. A. F. CHHAPGAR & GURDAS RAM 
Building Research Unit, C.SJ.R,, Roorkee 


A LARGE variety of bricks are used 
in India for building purposes. They 
have distinctive characteristics of 
their own depending on the pro- 
perties of the clays from which they have 
been made and the methods employed in 
their manufacture. Data on the properties 
and characteristics of the various brick 
types in use ig the country is not available 


and the present investigation relates to a 
study of some brick types in use. 

Experimental 

Samples of bricks were obtained from 20 
different localities ( Table I ) and are 
representative of the . types manufactured 
from the clays available in the respective 
localities. 
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TABLE 1 


Sample Locality 

No. 

Burking 

CHARACTER- 

ISTICS 

Colour 

Sound 

Shape 

Structure & 

COMPOSITION r- 

Resistance to 

Breaking Abrasion 

1 

Rupar HCC ( Punjab ) 

Well burnt 

Dull red 

Metallic 

Very good 

Even ( in some 
cases there is 
layer or lump 
formation ) 

Hard 

Hard 

2 

Amritsar AS ( Punjab ) 

do 

do 

do 

do 

Even ( lump for- 
mation and iron 
nodules ) 

do 

do 

3 

Tullundur KLM ( Punjab ) do 

Brick red 

do 

do 

Even ( air holes ) 

do 

do 

4 

Delhi M4.5 

do 

Dull, brick red 

do 

do 

Uneven ( air holes ) 

do 

do 

5A 

Roorkee PMW ( ILP. ) 

Under burnt 

Yellowish red 

Dull 

Fair 

Even 

do 

Medium 

5B 

Roorkee SJS ( U.P. ) 

Well burnt 

Copper 

Metallic 

Good 

Even ( containing 
mica flakes ) 

do 

Hard 

6 

Muzafifarpur APD 
( Bihar ) 

do 

Yellow skin 
up to 0*5 cm., 
buff core 

do 

Very good 

Even 

do 

do 

7 

Dhanbad SBS ( Bihar ) 

do 

Dull red 

Dull 

Good 

Uneven { air holes, 
mica flakes, quartz 
crystals, lumps of 
iron nodules, car- 
boniferous matter ) 

Easy 

Medium 

8 

Chinsurah ROSE 
( Bengal ) 

do 

Crimson red 

Metallic 

Fair 

Even ( air holes ) 

Hard 

Hard 

9 

Bhandara BHS ; NH 
(C.P. ) 

Under burnt 

Dark red 

Dull 

do 

Uneven 

Easy 

Soft 

10 

Pachmarhi DK ( C.P. ) 

W'cll burnt 

Pale, brick red 

do 

Good 

Uneven ( flint 
grains ) 

Very easy 

do 

11 

Piparia ( C.P. ) 

do 

Dark orange 

do 

F’air 

Even ( air holes ) 

Not very 
hard 

do 

12 

Belgaum ( Boinbay ) 

Under burnt 

Yellowish red 

do 

Good 

Fairly even ( air 
holes, iron no- 
dules ) 

do 

Medium 

13 

Dowladshwaram VBK 
( Madras ) 

do 

Copper 

Semi- 

metallic 

Fair 

Uneven ( air poc- 
kets due to burnt 
straw, flint, stones, 
etc. ) 

Easy 

Soft 

14 

Chepauk CS ( Madras ) 

Well burnt 

Brick red 

do 

Good 

Even ( flint and 
iron nodules ) 

Very hard 

Hard 

15 

Mettur ( Madras ) 

Under burnt 

Light choco- 
late 

Dull 

do 

Uneven ( air holes 
and stones ) 

V'^ery easy 

Soft 

U) 

V^ellore ( Madras ) 

Well burnt 

Brownish red 

Semi- 

metallic 

do 

Even ( air holes 
and stones ) 

Easy 

do 

17 

Ootacamund jRK 
( Madras ) 

do 

Chocolate red 

Metallic 

Fair 

Uneven ( air holes. Hard 
stones, burnt straw) 

do 

18 

Coimbatore ( Madras ) 

do 

Dull red 

Semi- 

metallic 

do 

Even ( air holes ) 

Easy 

do 

19 

Anantpur ( Madras ) 

do 

Pale chocolate 

do 

Good 

Even ( air holes, 
stones ) 

do 

do 

20 

Calicut CTL ( Madras ) 

do 

Bright red 

.Metallic 

Very good 

Even ( a few burnt 
iron nodules ) 

Not very 
hard 

Hard 


The bricks were tested for the following : 
(i) b -ilk density; (ii) percentage porosity; 
(iii) compressive strength; (iv) pressure defi- 
ciency ; (v) permeability ; (vi) rate of water 
absorption ; and (vii) chemical composition. 

The bulk density of the brick was calcu- 
lated by cutting out a cube from the brick 
and determining its dimensions and weight. 

The porosity and compressive strength 
were determined according to standards laid 
down in BS.S, No. 1257 ( 1945 ). The 
porosity was determined by boiling a brick 
in water for 5 hr. and allowing it to cool 
overnight ; the difference in weights before 
and after this treatment gave the porosity. 
The compressive strength was determined 
by crushing the brick in a hydraulic press 
between 2 thin pieces of plywood after the 
frogs have been filled up, and the bricks 
planed by 1 : cement mortar. A study 

of the rate of absorption of water by bricks 
immersed in water was also made. 


Permeability was determined by allowing 
water to pass through the brick under a 
known pressure head and measuring the 
amount of water passing through it per unit 
time. 

To determine the pressure deficiency, 2 
methods were employed. In one method^, 
a piece of brick was waxed round the sides 
and sealed in a funnel-shaped apparatus. 
The apparatus was filled with air-free water 
and as evaporation took place on the free 
and un waxed surface of the brick, water in 
the tapering end of the apparatus was drawn 
towards the surface. This caused a rise in 
the mercury column of the manometer 
attached to the apparatus, 'fhe pressure 
registered by the manometer is a measure 
of the capillary force. This method is slow, 
and the testing takes a long time. In the 
second method*, suction, just sufficient to 
overcome the capillary force of the brick, 
is applied as in the method originally used 
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for the determination of pressure deficiency 
of sand and silt. The method is rapid and 
has been adopted for determining the pres- 
sure deficiency of bricks also. The values 
obtained by this method are invariably higher 
than those obtained by the first method. 

The results of these tests are given in 
Table II. The rate of absorption of water 
is represented graphically in Fig. 1. 

Discussion 

Some of the accepted characteristics of a 
good brick are that it should be of a good 
shape, hard to scratch, have a metallic ring 
when struck, and be free from foreign matter. 
It was, however, noticed that most of the 
bricks studied contained stones and carboni- 
ferous matter. These inclusions weaken the 
bond between the different brick particles. 
This can be avoided by sieving the clay 
before moulding. The lumps in the brick 
are responsible for low compression strength 
values even though the bricks were good in 
Other respects. 

A study of compressive strengths of bricks 
( Table II ) shows that 5 samples have a 
value of 1,000-2,000 Ib./sq. in. while 7 others 
have a strength of 500-750 Ib./sq. in., and 
the rest below 500 Ib./sq. in,, the lowest being 
157 Ib./sq. in. for a sample from Pachmarhi 


(C.P.). Most of the bricks tested are weak, 
except those made from the alluvial soils of 
the Indo-Gangetic tract. Considering the 
importance of bricks as building material, 
it is important to study the mechanism by 
which a brick derives its strength and to 
devise methods by means of which bricks of 
high compressive strength can be obtained 
from different types of Indian soils. 

The mechanical strength of a brick depends 
upon : (i) the internal resistance of the 
particles constituting the brick ; and (ii) the 
bond provided by the vitrification of the clay. 
The higher the firing temperature, the better 
is the vitrification and, hence, the stronger 
is the bond. Soils are made up of particles 
of different sizes. Particles greater than 
0*02 mm. diam. are classified as sand, those 
between 0*02 mm. and 0-002 mm. as silt, 
and those less than 0*002 mm. as clay. It 
is the sand fraction that provides the greatest 
internal resistance. Consequently, a certain 
percentage of sand is essential for getting 
strong bricks. The chemical composition 
of the bricks ( Table III ) shows that bricks 
whose strength is between 1,000-2,000 Ib./sq. 
in. contain 70-80 per cent of silica. However, 
there are samples containing silica within the 
above range but are still weak. Thus, 
samples from Piparia, Mettur and Bhandara 
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TABLE 11 





Sample 

Actual 

Bulk 

Porosity, 

Compressive 

Increase 

Absorption 

Pressure deficiency 

Permea- 

No. 

DENSITY 

DENSITY 

% OF WT. 

STRENGTH 

IN WT. ON 

OF WATER 








OF BRICK 

OF BRICK 

OF SAMPLE 

Ib./sq. in. 

SOAKING IN 

IN 1 HR. ; 

Evaporation 

Suction 

X 10*» 


POWDER 

gin./c.c. 



WATER FOR 

% OF WATt^R 

method, 

method. 



glll./C.C. 




24 HR. 

ABSORBED 

cm. of 

cm. of 







/o 

IN 24 HR. 

water 

water 


1 

2-85 

1*65 

35*8 

1702 

16*8 

02*2 


637 


Ijj 

2-57 

1*74 

32 1 

1165 

14 0 

00*3 


406 


3 

2-43 

1 *87 

23*0 

1142 

8*2 

01*4 


460 


4 

2«« 

1*77 

33 7 

1003 

12*8 

04*0 

206 

340 

1 -W) 

5A 

2-56 

1*65 

37*6 

12.54 

10 4 

00*7 

182 


0*12 

5B 

2-58 

1 74 

33*1 

1725 

15 4 

80* 0 

240 


1*80 

tt 

2-54 

1 33 

47 4 

402 

31 8 

04 ■ 8 

371 


0*16 

7 

2 46 

1*58 

36*0 

425 

17 0 

02 ■ 3 

55 

123 

8*80 

8 

2*52 

1*71 

32 (1 

604 

15-6 

01*2 

483 

871 

0 • 55 

» 

2-56 

1*72 

32*8 

470 

12 0 

87*2 

176 

570 

0*08 

10 

2-37 

1*68 

30*0 

1.57 

15*3 

03 ■ 5 

36 

173 

3 30 

11 

2-44 

1*72 

20*6 

640 

12 2 

JH)*3 

115 

358 

1 ■ 50 

12 

2-68 

1 62 

30*7 

730 

10 2 

02 • 5 


513 


13 

2 44 

1*47 

41 0 

582 

23*6 

85 • 8 

*64 


3 20 

14 

2 • 56 

1 *80 

20 • 0 

3,58 

13 4 

84*6 

07 

443 

2*35 

15 

2-50 

1*70 

33 0 

170 

13-4 

80*2 

50 

167 

4*00 

1« 

2-60 

1 72 

33*8 

582 

11-3 

05 4 

75 

348 

2 40 

17 

2*81 

1*67 

40*6 

515 

18*1 

01*7 

36 

86 

15 00 

18 

2-54 

1 • 57 

38*0 

515 

18*5 

05 • 7 


175 


10 

2-43 

1 • 58 

35*0 

3.58 

16*5 

06*7 


143 


20 

2*58 

1*64 

36*5 

627 

18*8 

07 • 0 

io6 

705 



Ser. 

Silica 

Sesquioxidks 

Lime 

TABLE III 

Magnesia 

Alkali salts 

Sulphate. 

Loss on 

No. 

SiOj 

K,0, 

CaO 

MgO 

AS NaCl & KCl 

AS SO, 

ignition 

1 

77*37 

1 5 * 50 

2*80 

1*00 

3*38 

0*03 

0*28 

2 

74*86 

10*62 

1 • 75 

0 74 

3*42 

0* 10 

0*25 

3 

75*46 

1 0 * 86 

3 02 

0*63 

1 *01 

0 • 05 

0*25 

4 

70*6! 

15*07 

2 14 

1 70 

1 • 50 

0 01 

0*21 

5 

71 • 75 

23 • 43 

201 

1 15 

1 05 

0 03 

0*26 

6 

51*43 

10-00 

24 71 

0*46 

2 • 60 

OOl 

2*13 

7 

80*54 . 

15 -.50 

1*16 

0 41 

3 • 80 

0 05 

0 • 20 

8 

60*42 

23 66 

3*52 

1-.51 

2*20 

0*01 

0*43 

0 

71*00 

22*31 

1 • 05 

1*28 

0 72 

0*01 

1 * 55 

10 

63 * 76 

27 33 

1*48 

1 23 

1 • 00 

0 01 

3*83 

11 

70*00 

1 5 • 68 

1*04 

2 • 57 

151 

0-01 

0 • 80 

12 

71*75 

21 *64 

3 11 

0 74 

0 .50 

0*02 

o*m) 

13 

(61 • 00 

24*01 

3*04 

1*70 

1*21 

0*03 

0*40 

14 

70*52 

22 70 

2*60 

004 

3*31 

0*05 

0*31 

15 

72*31 

10*05 

3 41 

1 34 

1*40 

0(»2 

0*40 

16 

50*60 

20*01 

6*01 

0*56 

3*76 

0 02 

0 * 66 

17 

52*01 

36 * 42 

5 • 80 

2 * 36 

4 25 

0*07 

0*23 

18 

63 • 22 

20*21 

5 07 

0 71 

2 07 

0*03 

0*44 

10 

73*80 

18*65 

3 • 70 

0 41 

3 • 00 

0 06 

0*38 

20 

55 • 32 

36-86 

2*88 

'0 00 

0 81 

OOI 

2 15 


contain 79 per cent, 72 per cent and 71 per 
cent silica respectively, yet they are weak. 
This may be due to the fact that the firing 
temperature for these bricks was low or the 
soil cannot give good bricks at the tem- 
peratures attainable in the ordinary brick 
kiln. Results of the mechanical analysis 
of the soil from which bricks are made are 
given in Table IV.® 7'hough the analysis 
does not represent the results on actual soil 
samples from which the bricks under test 
were made, yet it gives a fairly good idea 
of the sand content of the soils from which 
these bricks were obtained. It is seen that 
the sand content of Piparia and Bhandara 
soils are as high as 61 per cent and 50 per 
cent while those of Delhi and Jullundur are 
only 26 per cent and 33 per cent respectively. 
This clearly indicates that the bulk of silica 
in Piparia and Bhandara bricks is derived 
from the coarser fraction, while in the case 




TABLE IV 



Sample 

Mechanical 

Total 

Active 

In ACT 

No. 

composition 

silica 

SILICA 

SILIC 


r- 

— , 

content 

”o 

?o 


Coarse 

Pine 





fraction 

fraction 





{ sand ) 

(silt & 





O' 

.o 

clay ) 

O 

/O 




1 



77 






75 



3 

33 

67 

76 

43 

33 

4 

26 

74 

80 

54 

26 

5 

45 

55 

72 

27 

45 

6 

3 

07 

51 

48 

3 

7 

45 

55 

80 

35 

45 

8 

48 

52 

60 

21 

48 

0 

.50 

50 

71 

21 

50 

10 

37 

63 

64 

27 

37 

11 

61 

30 

70 

18 

61 

12 



72 



13 



7(*> 



14 

34 


70 

36 

34 

15 



72 



16 

14 

86 

60 

46 

14 

17 

24 

76 

53 

20 

24 

18 

45 

55 

63 

18 

45 

10 



74 



20 

17 

8:i 

55 

38 

17 
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Ratio of active to inactive Silica Content 


Fig. 2 


of Delhi and Jullundur, it is from the finer 
fraction. Silica from the finer fraction is 
supposed to be more active due to a greater 
surface exposed for chemical reaction than 
the silica derived from the coarser fraction. 
Thus, for the present discussion, silica from 
finer fraction is termed active silica, 


while that from the coarser fraction is termed 
inactive silica. Active silica helps in the 
vitrification of the brick, while inactive 
silica provides greater internal frictional 
resistance than the active silica. It seems 
that (Fig. 2 ) there is a definite ratio of 
active to inactive silica ( between 1 and 3 ) 
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at which a brick of high compressive 
strength is obtained. If this view is 
correct, then samples from Muzaffarpur, 
Vellore and Calicut should improve in 
strength by an admixture with a certain 
quantity of coarse sand, while those from 
Bhandara, Pachmarhi, Piparia and Coimba- 
tore should improve by an addition of fine 
sand. It may be pointed out here that these 
results are not conclusive, but provide 
guidance for further work on the subject. 

If the compressive strength of the bricks 
are plotted against the ratio of silica to 
sesquioxide contents of the bricks ( Fig. 3 ), 
the graphs obtained are a series of parabolas 
having their foci lying on the same vertical 
axis and having the same value of the para- 


meter p in the equation ( x~ h)^ ~ 4/)( y—k ), 
(h, k) being the vertex of the parabola. 
This shows that there is only one definite 
ratio of silica to sesquioxide contents which 
gives the maximum strength. It is not yet 
clear what factor or factors are responsible 
for this result. Probably firing temperature 
is one of the factors: 

Water absorption and saturation coeffi- 
cients of a brick sample are useful guides 
in gauging the durability of a brick. 
The water absorption values of the brick 
samples are given in Table II. The rates 
of absorption of water are about the 
same in all bricks. It is found that they 
absorb the major part in the first 2 minutes 
and thereafter it is slow. In this respect, 
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the 24-hr. absorption test, as described in 
BS.S. No. 1257 ( 1945 ), can be usefully 
shortened to 1 hr. period as the bricks 
absorb, in the first hour, 92 per cent of the 
water absorbed in 24 hr. period. A great 
deal of time can be saved if this test is 
modified for the 1 hr. period. The 5-hr. 
boiling test can also be similarly shortened 
as it is found that boiling for 1 hr. suifices to 
bring about the same absorption as boiling 
for 5 hr. does within 1 per cent error. 

The subject of pressure deficiency has been 
discussed in detail in a previous paper 
Results of pressure deficiency ( Table II ) 
show that weaker bricks have smaller 
pressure deficiencies. 
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A New Method for the Analysis 
of Adulterated Graphite 

K. K. MAJUMDAR 
Indian School of Mines, Dhanhad 


N atural graphite, when marketed 
in the form of fine powder, is ofteji 
adulterated with carbonaceous mate- 
rials like charcoal, coke and coal, 
which cannot be detected easily. Spence^ 
has described a few qualitative te.sts to 
identify them but no method is available to 
estimate the graphite content in the adulter- 
ated mixture. The usual method of analysis 
of graphite by combustion is not suitable. 

A possible means of estimating graphite 
content in an adulterated mixture is by 
burning away the adulterants at as low a 
temperature as possible, so chosen that loss 
of graphite by oxidation would be minimum. 
The ignition temperature of graphite in 
oxygen, according to Moissan, is 690®C., 
although oxidation starts at a lower tem- 
perature. The ignition temperature of char- 
coal and coke varies widely, being dependent 
upon the temperature at which they were 
prepared. However, it varies from 345X. 
for charcoal* to 600°C. for coke®, both being 
lower than that of graphite. 

An attempt was made to burn off the 
J(ulterants by heating the sample in a 


porcelain boat in a tube furnace, maintained 
at a temperature below 600°C., but as the 
progress in combustion could not be watched, 
it resulted in the combustion of a good 
amount of graphite. It was also found 
that the temj^erature of the mixture should 
be varied, a higher temperature being required 
at the start to ignite the adulterant. Once 
combustion starts, the temperature could 
be lowered, because enough heat is liberated 
by combustion of the adulterant to maintain 
the mass hot. Constant stirring is essential 
to expose a fresh surface of the adulterants 
for rapid combustion. To maintain these 
conditions, a quantity of the mixture was 
heated in a porcelain or silica crucible with 
its lid off, over a small bunsen burner, with 
constant stirring. 

Experimental 

Mixtures of finely ground ( — 150 mesh) 
crystalline and amorphous graphite with 
charcoal, coal and coke, were prepared from 
materials of known composition. 

About 1 gm. of the dried sample was 
weighed into a tared porcelain crucible 
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TABLE I 


Ceylon graphite : volatile matter — 1*70% ; ash = 

C « 96-30% ; ash in charcoal ^ 17 -11% ; coal - 17 -78% ; 
coke = 17-74% 


Expt. 

Adul- 

Loss DUE 

Ash 

Graphite 

Graphite 

No. 

terant 

TO ADUL- 
TERANT 
% 

(a) 

o/ 

/o 

(b) 

o/ 

100 - (a -Hb) 

% 

CALCU- 

LATED 

1 

Charcoal 

45 53 

10-53 

43-94 

42-65 

2 


45-83 

10 53 

43-65 

42-65 

.5 


32 32 

7-63 

60-05 

61 -53 

4 


31 96 

7-63 

60-41 

61 -.53 



19 -.34 

5 23 

75-43 

77-09 

6 


18-68 

5-23 

76-09 

77-09 

7 

Coal 

39-74 

9-69 

.50-57 

.50-22 

8 


39-42 

9-69 

.50-89 

.50-22 

9 


24 96 

6-60 

68-44 

69 - 50 

10 


24 51 

6-60 

68-89 

69-50 

11 


19-60 

5-87 

74 53 

73-98 

12 


20-43 

5-87 

73-70 

73-98 

13 

Coke 

44-43 

11-24 

44-33 

45-05 

14 


43-35 

11-24 

45-41 

45-05 

15 


29-23 

8-30 

62-43 

63-04 

16 


28-86 

8-30 

62-84 

63 04 

17 


20 -.30 

6 -.58 

73 12 

75-18 

18 


19 97 

6 -.58 

73-45 

75-18 




TABLE 11 



Mysore graphite : volatile matter — 2 

- .52% ; ash ■■ 

- 33 -00% 

C == 64 

• 48% ,* ash 

in charcoal 

- 6-17% 

; coke =17 

. 740 / 

<■* /O 

Expt. 

Adul- 

Loss DUE 

.Ash 

Graphite 

Graphite 

No. 

terant 

TO adul- 

0 / 

/O 

o/ 

/O 

0 / 

/O 



terant 

(b) 

UK)-(a-fb) 

CALCU- 



% 



LATED 



(a) 




1 

Charcoal 

22 -.53 

27 02 

.50-45 

51-83 

2 


21-67 

27-02 

51 -.31 

51 83 

3 


46-77 

19-72 

33-51 

32-56 

4 


47 25 

19-72 

3.3-03 

32 56 

5 


28 03 

24 93 

47-04 

48-39 

6 


27-64 

24 • 93 

47 43 

48 39 

7 

Coke 

29-87 

27-71 

42 42 

42 11 

8 


,30 -.54 

27 71 

41-75 

42-11 

9 


18-85 

29-72 

51 -43 

.50-65 

10 


19-34 

29 72 

,50-94 

.50-65 

11 


5-84 

31-70 

62-46 

61-32 

12 


7-30 

31 70 

61-00 

61-32 


(45 c.c. capacity). The lid was removed 
and the crucible heated on a small bunsen 
burner ( temperature about 700X.). The 
temperature of the contents of the crucible 
was slowly raised till particles of the adul- 
terant began to glow. The temperature 
was maintained as low as possible, consistent 
with efficient burning of the adulterant. 
The contents of the crucible were cons- 
tantly stirred with a stout nichromc wire. 


Complete combustion of the adulterant takes 
5 to 20 min. depending on its nature and 
quantity, more time being necessary for coke 
and le^iS for charcoal. When the glowing 
ceased, the temperature was slowly raised 
with constant stirring to ensure complete 
combustion of the adulterant. This end 
point " in the experiments could be easily 
determined in the case of charcoal and coal, 
but in the case of coke, it is rather difficult. 
However, with practice, the difference in 
colour of the red-hot graphite, which is 
rather dull, and coke could be pidged and 
the end point " ascertained. When the 
combustion of the adulterant was over, 
the crucible was cooled and weighed ; the 
loss in weight represents the volatile matter 
and the adulterant. The crucible was again 
heated to above 900 °C. in a muffin furnace, 
with free circulation of air, till the graphite 
was burnt off completely, and the ash content 
determined. The decrease in weight is due 
to graphite. 

The experimental results with crystalline 
graphite from Ceylon are shown in Table 
I and with amorphous graphite from Mysore 
in Table II. 

It will be noted from Tables I and II 
that the error did not exceed 2 per cent, 
which may be tolerated in commercial 
analysis, particularly when no alternative 
method is available. 

The author's thanks are due to 
Principal R. P. Sinha and Prof. S. K. Bose 
for their interest in the work, and to Prof. 
H. N. Das Gupta for criticism and helpful 
suggestions. 
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Letters to the Editor 


A LICHEN (PARMELIA TINCTORUM) 
ON A JAVA MONUMENT 

The adverse effect of the growth of 
lichens has been previously recorded. A 
recent report^ by us related to the damage 
done to sandal- wood trees near Waltair by 
Ramalina tayloriana. In that connection it 
was suggested that besides physical injury 
due to the penetration of the hold-fasts of 
this lichen, the action of the toxic compo- 
nents ( lichen acids ) secreted by the lichen 
should also be considered to play an im- 
portant part. This general idea seems to 
have a wider applicability than originally 
expected. A very similar case is discussed 
below. 

Recently, Mr. K. R. Srinivasan, Super- 
intendent, Archaeological Survey of India, 
gave us small samples of cryptogamic 
vegetation that he collected from the walls 
of Barabudur, the world famous Buddhist 
monument of central Java which he visited 
last year. The most prominent of these 
are lichens which are reported to occur over 
large areas not only defacing the sculptured 
panels, but also obscuring the finer details. 
They seem to affect the surface fabric by 
their continued growth and activity. Fur- 
ther, during the process of cleaning the 
sculptures mechanically, the dried lichens 
remove along with them the adhering 
substratum, thereby disfiguring many of 
them. One of these samples was large enough 
( 3 gm. ) for detailed study. It has been 
identified as Parmelia tinctorum Despr. and 
is identical botanically with an Indian 
sample which has been studied earlier* and 
shown to be exceptional in that it contained 
besides atranorin (0-8 per cent ) and leca- 
noric acid ( 5*0 per cent ) some amount of 
norstictic acid (1-0 per cent) also. An 
extraordinary feature of the Barabudur 
sample is that it contains a very high per- 
centage (20-3 per cent ) of lecanoric acid 
besides a small amount of atranorin. Such 
a high percentage was recorded earlier by 
Hesse* also in another case of this lichen 
under the name Parmelia coralloides. This 
is of special importance in the present con- 
text because lecanoric acid is sufficiently 
strong and water soluble to be reckoned with 
in affecting soft and particularly calcareous 


structures. When there is such a high 
percentage of it, the chances of its being 
secreted by the lichen and causing damage 
to the monument are considerable. 

Experimental 

The air-dried powdered lichen ( 3*0 gm.) 
was extracted repeatedly with ether ( 250 
c.c.) in the cold and the extract distilled in 
order to remove the solvent. The dried 
extract was digested with hot petroleum 
ether ( 100 c.c.) and filtered. The filtrate was 
concentrated to a very small bulk and allowed 
to stand overnight when colourless prismatic 
crystals (c. 20 mg.) melting at 193°-195°C. 
separated. In alcoholic solution, it gave a 
brown-red colour with ferric chloride and dis- 
solved in aqueous potassium hydroxide pro- 
ducing a yellow colour. Mixed melting point 
with an authentic sample of atranorin was 
undepressed. The petroleum-ether insoluble 
solid was dissolved in cold acetone and to 
the clear solution was added chloroform in 
excess when a colourless crystalline solid 
( 610 mg.) melting at 170°-175°C. was obtain- 
ed. This was crystallized from a mixture of 
acetone and chloroform (1:3), when it 
came out as colourless needles melting at 
175®-176T. It was easily soluble in sodium 
bicarbonate solution. In alcoholic solution, 
it gave a violet colour with a drop of ferric 
chloride and with bleaching powder a bluish, 
red colour. It was identified as lecanoric 
acid by mixed melting point determination 
with an authentic sample of the compound 
obtained earlier from the Indian lichen 
sample. 

The lichen powder left after ether extrac- 
tion was again extracted with hot acetone 
and the concentrated extract allowed to stand 
for a few days. No crystalline solid sepa- 
rated. The solvent was completely removed 
and the small quantity of residue left was 
qualitatively tested. It gave no reaction 
with alcoholic ferric chloride, bleaching 
powder and potassium hydroxide solution 
indicating that no other component of the 
depsidone type was present in any detectable 
amount. 

T. R. Seshadri 

S. Sankara Subramanian 
Andhra & Delhi Universities 
/w/yi5,1949 
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SOME OCCURRENCES OF KYANITE 
IN THE AJMER-MERWARA 
DISTRICT, RAJPUTANA 

The author has examined several occur- 
rences of kyanite near Ajmer and a brief 
account of the geology and mode of occur- 
rence of these deposits is given below. It 
may be noted that these occurrences lie 
in the extreme north-west corner of map- 
sheet No. 45 J/15 and the southern portion 
of the sheet lying to the north of it. 

The geology of the area consists of the 
following formations and rock types : 

1. Serpen tinized peridotites 

2. The schistose complex 

3. Pegmatites and quartz veins 

4. White marble 

5. Quartzites 

6. Alluvium 

Serpeniinized Peridotites — Small hills of 
serpentinized peridotites occur north of the 
Bhudol-Naulakha road en route to Gudos 
(26^29': 74° 46'). A little asbestos is 
associated with these rocks and the occur- 
rence has been described already'. 

Schistose Complex — The author has given 
the name of schistose complex " to a series 
of schists, the most dominant being the mica 
schists, but it must be observed that there 
has been considerable metamorphism of 
these rocks by the intrusion of pegmatites 
and quartz veins. As a result biotite- 
talcose-schist, biot it e-tremolit e-schist, biotite- 
actinolite-schist, garnetiferous-schist, stauro- 
lite-schist, kyanite-schist, etc., have deve- 
loped. These schists, in places, are highly 
foliated and well cleaved, the cleavage angle 
varying from 50° to 80° and dipping towards 
E.N.E. and N.E. In places, these schists are 
highly contorted. 

From an economic point of view, these 
schists with injections of pegmatites and 
quartz veins are important as emeralds, 
kyanite and talc are associated with them. 

Pegmatites and quartz veins are seen 
intrusive into the schists. The pegmatites 
comprise the following types : (i) quartz- 

tourmaline-pegmatites ; (ii) quartz-tourma- 
line-biotite-pegmatites ; and (iii) mica (musco- 
vite ) pegmatites. 


Their strike was observed to vary from 
N.E.-S.W. to N.N.E.-S.S.W. 

Veins of hard quartz-tourmaline-schist 
also occur associated along with those of 
pegmatites. Its mineral composition is 
similar to that of the pegmatites ; it is only 
schistose in character. It is a modification 
of quartz-tourmaline-pegmatite with which 
biotite is associated. 

Marble — About one furlong S.W. of 
Thakur Ram Nath Singh’s bungalow near 
the village of Akhri (26° 33' : 74° 48' ) 
coarsely crystallized white ma^b^^ occurs. 
The country being flat, the rock crops out 
in places and the quarries have been opened 
to extract marble. It is quite an extensive 
outcrop and extends almost beyond the 
Gegal-Khodan road. The rock is dressed 
into blocks of various sizes, the biggest being 
about 3' square. It is coarsely jointed and 
thus it can be easily taken out into large 
blocks. 

Limestone — About 150 yards S.S.E. of the 
well between Muhami ( 26° 30' 30" : 74° 
46' 44" ) and Bubani villages, a band of 
limestone occurs which extends for some 
distance and has a N.N.E.-S.S.W. strike. 
Nearby, crystals of staurolite were collected 
from the surface. The schists forming the 
country rock are highly contorted in places. 

Quartzites — Quartzites form conspicuous 
hills and a series of ridges in the area. Being 
of no economic value, at least so far as the 
occurrence of kyanite is concerned, they 
have not been described here. 

Occurrences of Kyanite — A little south- 
west of the peridotite hill near the Bhudol- 
Naulakha road, mica schists are exposed 
which have a N.N.E.-S.S.W. strike. In 
these schists a pit had been sunk about 50 
yards from the road and about a quarter 
mile south-west of Gudos village ( 26° 29' : 
74° 46' ) which yielded kyanite which, in 
places, had bright bluish colour. Close by, 
a considerable quantity of vein quartz was 
observed. Specimens of talcose and greenish 
chloritic schists were also observed. The 
schists are highly foliated in places. 

Nearby, a few other pits had been sunk in 
which kyanite was found occurring as 
lenticles in the biotite schists. Some gar- 
netiferous schist also occurs. 

Kyanite occurs again in pockets in the 
mica schists a little further north-east on 
the western slopes of the peridotite hill. 

About half a mile, almost due north of the 
village of Bhudol ( 26° 29' 30" : 74° 45' 18" ), 
a quartz vein with a north-south strike is 
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intrusive into the schists. Kyanite occurs 
here associated with this quartz vein in the 
form of veins and pockets. Small inclusions 
of kyanite occur in quartz which, as a result 
of jointing, breaks into large and small pieces. 
A trench, about 25' in length, in a N.N.W.- 
S.S.E. direction and about 4*5' in width 
had been dug. The thickness of the quartz 
vein was observed to vary from 2' to 4' and 
the kyanite is developed at the contact for 
about 2*5' from the quartz vein with in- 
clusions of biotite. 

The country rock is a biotite-schist and 
the following section is observed in the 
trench. On the top there is a layer of over- 
burden, about 9" in thickness, in which small 
irregular pieces of quartz, etc., are found 
embedded in red earth. This is underlaid 
by a layer of decomposed schists with whitish 
calcareous concretions, having a thickness 
of 2'. These are succeeded by biotite 
schists. Kyanite is enclosed in the quartz 
vein and is also developed at the contact. 
A few maunds of kyanite had been recovered 
when the working was stopped. 

Close by other quartz veins occur with 
which some tourmaline-quartz rock is also 
associated. 

It would appear from the above that the 
biotite schist mainly represents the country 
rock into which quartz veins are intrusive 
and kyanite has developed at the contact. 
It, therefore, definitely appears that as a 
result of this igneous activity alumina has 


been supplied by the biotite schists, while 
the quartz veins have furnished silica and 
the two at the contact have developed 
kyahite. It may be noted that in one 
specimen of kyanite a small inclusion of 
sapphire was observed. This evidently 
represented a small excess of alumina which 
had crystallized as such. It may be noted 
that in this neighbourhood many quartz 
veins occur and their contacts certainly 
deserve further attention. 

It has been noted by A. M. Heron^ : 

There was an output of 3 tons of kyanite 
from Ajmer-Merwara district in 1931, but 
the locality is not known." In all pro- 
bability the kyanite must have been re- 
covered from one of these localities. 

It may be noted that the area is easily 
accessible. It is about 9 miles in a direct 
line from Ajmer and can be approached 
from Ajmer-Kishengarh road whence a cart 
track, which is fit for motor traffic also, will 
take one to these occurrences. 

H. L. Chhibber 

Banaras Hindu University 
May 28, 1949 
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Chemical Examination of 
Picrorhiza kurrooa Benth. — Part I 


RAM PRAKASH RASTOGI, VISHWA NATH SHARMA & 
SALIMUZZAMAN SIDDIQUI 

Chemical Laboratories, CS.LR,, Delhi 


P ICRORHIZA kurrooa Benth, ( Scro- 
phulariaceae ; Hindi : kutki or katki ) 
grows from Kashmir to Sikkim at an 
altitude of 5,000 to 10,000 feet. The 
rhizome and the roots are extremely bitter 
to taste and have been recommended as 
a substitute for the imported gentian 
roots. They are extensively used in the 
indigenous system of medicine as a tonic, 
a febrifuge and an anti-periodic. In spite 
of the considerable importance attached 
to the plant, its chemical investigation has 
been limited to a preliminary examination 
by Dymock and Hooper^ who reported the 
presence of a brown, resinoid glucoside 
picrorhizin ( yield, 15 per cent ), which, 
on hydrolysis with 1 per cent hydrochloric 
acid, yielded a reducing sugar, and an aglu- 
cone, picrorhizetin, a reddish-brown, brittle, 
resinous, tasteless mass. They further ob- 
tained the free aglucone, picrorhizetin, from 
the plant along with a wax melting at 61 X. 
Chopra and Ghosh^ also noted the presence 
of the bitter glucoside in the drug but were 
unable to isolate any crystalline product. 

As a result of the present investigations, 
the following products have been isolated 
from the roots in a crystalline form : 

1. A glucosidal bitter principle, kutkin, 
^23^28^12(C23H24®10*2H20); m.p. 21 IX.j 
yield 3*4 per cent on the weight of 
the dry roots ; bitter in a dilution of 
1 in 7,500. 

2. A non-bitter product, kurrin, Cg HigOg ; 
m.p. 166X. ; yield, 0-5 per cent on the 
weight of the dry roots. 

3. Vanillic acid, CeH3(OH)(OCH3)(COOH) ; 
yield, 0*1 per cent on the weight of 
the dry roots. 


4. Kutkiol, C40H82O ; m.p. 118X. ; occur- 
ring as the acetate, C40H81OOC.CH3, 
m.p. 74°C. ; yield, 0*06 per cent on the 
weight of the dry roots. 

5. Kutki-sterol, C24H40O ; m.p. 124X. ; 
yield, 0*18 per cent on the weight of 
the dry roots; [a] 39*0° in 1 per 
cent chloroform solution. 

As described in detail in the experimen- 
tal, the method employed for the isolation 
of kutkin and kurrin was based on the dif- 
ference in their solubilities in alcohol. The 
isolation of kurrin was comparatively easier, 
but kutkin could be obtained in a pure 
crystalline form after a lengthy process of 
purification employing mixed solvents. 

Constitution of Kutkin, C23H28O12 — Kutkin 
is soluble in water, methanol or alcohol 
in the hot, but insoluble in other organic 
solvents. It contains one methoxy group, 
but no phenolic group, as it does not give 
any colouration with ferric chloride in alco- 
holic solution. It dissolves in dilute alkali 
or ammonia with a yellow colouration but 
is not precipitated out on acidification. In 
conformity with its glucosidal character, it 
reduces Fehling solution after hydrolysis 
with dilute mineral acids. Kutkin is, more- 
over, a p -glucoside, as it is also hydrolysed 
by emulsin under the usual conditions. No 
crystalline aglucone could be obtained from 
the products of its hydrolysis with mineral 
acids due to considerable resinification 
occurring during hydrolysis. On treatment, 
however, with dilute aqueous alkali at the 
ordinary temperature or with saturated 
baryta solution on the water bath, it yielded 
2 crystalline substances melting at 202'^C. 
and 133X. respectively, along with glucose 
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which was identified through its osazone. 
The yields of the two crystalline products 
were very much better when the hydrolysis 
was carried out with baryta solution. The 
substance melting at 202°C. could also be 
obtained in a small yield through hydrolysis 
with 1 per cent acetic acid in a sealed tube 
at 125°C. The analytical data and the 
chemical characteristics of the substances 
melting at 202°C. and 133°C. as well as of 
their derivatives showed them to be vanillic 
and cinnamic acids respectively. This finding 
was confirmed through the mixed melting 
point determinations of the two products 
and their derivatives with authentic samples 
of vanillic and cinnamic acids and their 
corresponding derivatives. The course of 
hydrolysis may be represented by the fol- 
lowing equation : 

^23^28012 ( C23H240io-2H20 ? )-|-2H20 > 

Kutkin 

C8H3O4 -f- C9Hg02 + CeH220g 

Vanillic Cinnamic Glucose 

acid acid 

Accordingly, kutkin as a glucose ester of 
cinnamoyl- vanillic acid should correspond 
to the molecular formula C23H24O10 
( requires C, 60-0 ; H, 5*2 ). The C and H 
values for the substance dried at 100°C. 
in vacuo over phosphorus pentoxide ( C, 
55-0 ; H, 5*3 ) are in agreement with 
the molecular formula CgaHagOja ( requires 
C, 55*6 ; H, 5*6 ). This could, however, 
be accounted for by the presence of 2 mole- 
cules of water of crystallization in kutkin, 
which are not removable at 100°C. Such an 
explanation should find support from a 
similar behaviour in the case of Gentio- 
pikrin^, a glucoside from Gentiana lutea L., 
which splits off its 1 molecule of water 
of crystallization only on hydrolysis and 
not under the usual conditions of drying. 
Further studies to elucidate this point are 
in progress but the following tentative 
structure of kutkin may be put forward at 
this stage ; 



As it was of interest to find out whether 
vanillic and cinnamic acids occur in the 
drug in a free state, a sample of the powdered 
drug was soxhleted with ether after defatting 
it through extraction with petrol ether. The 


ethereal extract, on working up in the usual 
manner, yielded vanillic acid ( yield OT per 
cent ), hut no cinnamic acid could be obtain- 
ed from it. 

Kurnn, — Kurrin is readily 

soluble in water, sparingly so in methanol 
and insoluble in the other organic solvents. 
It does not give a reaction for a free car- 
boxylic group, contains one methoxy group, 
and 5 ( or 6 ) active hydrogens as determined 
after Zerewitinoff. It is optically inactive. 
Kurrin does not reduce Fehling solution 
either before or after hydrolysis with dilute 
sulphuric acid. On benzoylation, both after 
Schottcn-Baumann and with benzoyl chlo- 
ride in pyridine solution, it yields only a 
penta-benzoyl derivative. The analytical 
data of the acetyl derivative, however, 
obtained with acetic anhydride and fused 
sodium acetate indicate the formation of 
a tetra acetyl derivative with the intramole- 
cular loss of two molecules of water. Action 
of phenyl hydrazine on kurrin also results 
in the formation of a triphenyl hydrazone 
with the intramolecular elimination of two 
molecules of water. It could not be methyl- 
ated with either methyl iodide and silver 
oxide or with dimethyl sulphate and alkali. 
With formaldehyde and formic acid, no 
methylation could be effected, but a crys- 
talline product was obtained by this reaction, 
which conforms to the molecular formula 
C9H14O6 and does not contain the methoxy 
group present in the original substance. 
It is recovered unchanged on fusion with 
50 per cent potash. Kurrin yields a 
crystalline semi-carbazone but its micro- 
N-values are too high for any conceivable 
formula. Further investigations to clarify 
these points and elucidate the chemical 
constitution of kurrin are in progress. 

Fatty Portion : Kutkiol, C40H81OH — The 
petrol ether extract of the drug yielded 
a fatty portion which, on keeping in 
benzoyl solution, gave kutkiol acetate, 
C42H84O2, m.p. 74°C. On hydrolysis with 
alcoholic potash, this product gave acetic 
acid and an aliphatic alcohol, C4 oH«OH. 
melting at 118°C., which has been provi- 
sionally named as kutkiol. 

On saponification of the fatty residue 
left on removal of the solvent from the 
mother liquors of kutkiol acetate, a sterol, 
^24^400, was obtained from the unsaponi- 
fiable portion, which melts at 124°C. and 
appears to be different from the known 
sterols. It has been- provisionally named 
as kutki-sterol. 



October 1949] 


CHEMICAL examination OF Picvorhiza kiirrooa 


175 


Experimental 

Isolation — 1 kg. of the finely powdered 
roots was extracted with petroleum ether 
and the defatted material was repeatedly 
percolated with alcohol till the roots were 
no longer bitter in taste. The total alco- 
holic percolates were concentrated in vacuo 
below 50°C., and the dark-brown, viscid 
concentrate was freed of the residual 
fat by digestion with petroleum ether. The 
combined petroleum ether extracts, on re- 
moval of the solvent, gave 9-6 gm. of fatty 
matter. 

The petroleum ether insoluble residue 
was taken up in alcohol and the alcoholic 
solution was kept in the Cold, when it gave 
a crystallizate of crude kurrirr which was 
filtered and washed with alcohol. It 
melted at 158°C. (decomp.), yield 0*5 
per cent. 

The combined filtrate and washings 
from kurrin were treated with ether and 
petroleum ether which precipitated out 
darkish non-bitter matter. The super- 
natant reddish-brown solution was freed of 
the solvent first on the water bath at the 
ordinary pressure and firuilly in vacuo. 
The residue was taken up in alcohol and 
subjected to a similar procedure of puri- 
fication through ether and petroleum ether. 
The alcohol-ether-petroleum ether solution 
obtained at this stage was kept in the cold, 
when a crystalline deposit of crude kutkin 
( m.p. 196°C. decomp, ) slowly formed, 
which was filtered and washed with a 
mixture of alcohol and ether. The combined 
filtrate and washings were evaporated off 
and the residue was again dissolved in 
alcohol and treated with ether-petroleum 
ether, when a second crop of the crude 
kutkin was obtained ( total yield 3*4 per 
cent ). The final mother liquors were bit- 
ter in taste but failed to give any further 
crystalline product either from any of the 
organic solvents or on repetition of the 
process of purification through alcohol, 
ether and petroleum ether. 

Kutkin, — Crude kutkin ( m.p. 

196X. decomp. ) was repeatedly crystal- 
lized from alcohol and methanol when it 
was finally obtained in the form of colour- 
less clusters of needles melting at 211®C. 
Kutkin is soluble in water, methanol and 
alcohol in the hot, and insoluble in acetone, 
ether and ethyl acetate. In 4 per cent 
alcoholic solution, it showed | a | b'== - 165*0"’. 
Kutkin readily reduces Feliling solution 


after hydrolysis with 0*1 per cent sulphuric 
acid. It does not give any effervescence 
with sodium bicarbonate solution nor any 
colouration with ferric chloride. It dissolves 
in dilute alkali and ammonia with a yellow 
colouration which turns pink on keeping 
overnight, but the substance cannot be 
precipitated out on acidification of the 
alkaline or the ammoniacal solution. It 
dissolves in concentrated sulphuric acid with 
a deep violet colouration and in concentrated 
nitric acid with a light-yellow colour. It 
did not suffer any loss in weight ^n drying 
at 100°C. in vacuo over phosphorus pent- 
oxide and the dried sample, on analysis, 
gave C, 55*0 ; H, 5*3 ; OCH3 ( after Zeisel ), 
2*0. CggHggOig requires C, 55*6 ; H, 5*6 ; 
OCH3 ( for one ), 3*0 per cent. 

Acetyl Kutkin, CajHggOie — 0*2 gm. of 
kutkin, 5 c.c. of acetic anhydride and a few 
drops of pyridine were refluxed at 135°C. 
for 2 hr. After working up the reaction 
product in the usual manner, the acetyl 
derivative was crystallized from dilute metha- 
nol ( yield 0*26 gm. ). It crystallizes in 
clusters of needles melting at 170°C. and 
soluble in methanol, alcohol, acetone, ether 
and benzene, insoluble in water, and petrol- 
eum ether. After drying to constant weight 
at lOOX. in vacuo over phosphorus pent- 
oxide, it gave C. 54*9 ; H, 5*2 ; M.W. ( Rast ), 
621. Tetra-acetyl kutkin, re- 

quires : C, 56*0 ; H, 5*4 ; M.W., 664. Penta- 
acetyl kutkin, CayHggOiy, requires C, 56*0 ; 
H, 5*3, M.W., 706. 

Hydrolysis of Kutkin ( Isolation of Vayiillic 

& Cinnamic Acids from the Hydrolysate — 

Hydrolysis with Baryta So- 
lution — A soltuion of 0*5 gm. of 
kutkin in 15 c.c. of saturated baryta solu- 
tion was heated on the waiter bath for half 
an hour. The resulting pink solution was 
saturated with carbon dioxide and the 
precipitated barium carbonate filtered off. 
The clear filtrate was acidified with dilute 
sulphuric acid and extracted with ethyl 
acetate. The ethyl acetate solution was 
washed with water, dried over anhydrous 
sodium sulphate and freed of the solvent. 
The residue ( 0*24 gm. ), on crystallization 
from chloroform, yielded two crystalline 
products, one (0*15 gm. ) sparingly soluble 
in chloroform in the cold and melting 
at 200"^C., £ind the other ( 0*07 gm. ) 
fairly soluble in choloroform in the cold and 
melting at 126X\ 

The aqueous acidic layer from the above 
working was treated with excess of barium 
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carbonate, filtered and tested for sugars, 
as described later. 

The crystalline product melting at 200''C. 
was repeatedly crystallized from chloroform 
when it finally yielded colourless needles 
melting at 202®C., soluble in methanol, 
alcohol, acetone, ether and ethyl acetate, 
and insoluble in water, petrol ether and 
benzene. It did not give any colouration 
with ferric chloride, but dissolved in so- 
dium carbonate solution with effervescence. 
It is soluble in dilute alkali with a yellow 
colouration, and is precipitated out un- 
changed on acidification of the solution. 
After drying to constant weight at lOOX. 
in vacuo over phosphorus pentoxide, it 
gave C, 56-8; H, 4-7; M.W. ( Rast ), 151 ; 
OCHg (after Zeisel), 8-0; C8H8O4 re- 
quires C, 57-1 ; H, 4-8 ; M.W., 168 ; OCH3 
(for one), 8*9 per cent. On admixture 
with an authentic sample of vanillic acid, 
it did not show any depression in the 
melting point. 

The acetyl derivative ( m.p. 141X. ) 
of the product was prepared in the usual 
manner with acetic anhydride and fused 
sodium acetate. On analysis, it gave C, 
56-9 ; H, 5-2 ; M.W. ( Rast ), 218 ; 
requires C, 57T ; H, 4*8 ; M.W., 210. On 
admixture with acetyl vanillic acid, it 
did not give any depression in the melting 
point. 

Demethylation of the product melting 
at 202°C. with hydriodic acid gave a pheno- 
lic acid ( m.p. 195°C. decomp. ), identical 
with protocatechuic acid. 

The second crystalline product melting 
at 126®C., obtained from the hydrolysate, 
after a few crystallizations from hot water 
finally melted at 133X. It was soluble 
in water and most of the organic solvents. 
It did not give any colouration with ferric 
chloride, and dissolved in bicarbonate 
solution with effervescence. It absorbed 
bromine in the cold in chloroform solution. 
After drying to constant weight at 62X. 
in vacuo over phosphorus pentoxide, it 
gave C, 72-7; H, 5-6; M.W. (Rast), 154; 
CgHgOg requires C, 72-9 ; H, 5*4 ; M.W. 148. 

On oxidation with potassium permanga- 
nate in alkaline solution, it gave a smell 
of benzaldehyde, and from the reaction 
mixture a crystalline acid was obtained 
which was identified as benzoic acid. On 
admixture with an authentic sample of 
cinnamic acid, the crystalline product melt- 
ing at 133°C. did not show any depression 
in the melting point. 


The Sugar Component — The aqueous solu- 
tion, obtained after extraction of vanillic 
and cinnamic acids and neutralization with 
barium carbonate in the manner described 
earlier, yielded a residue on evaporation, 
which gave an osazone of golden-yellow 
needles melting at 203 X. The osazone did 
not show any depression in the melting point 
on admixture with glucosazone. 

For a quantitative estimation of the 
sugar, k Utkin was hydrolysed with 5 per cent 
aqueous sodium hydroxide by keeping for 
48 hr. at the room temperature. The pink- 
coloured reaction mixture was heated with 
Fehling solution and the precipitated 
cuprous oxide was filtered in a Gooch 
crucible, washed, dried and weighed. The 
weight of the cuprous oxide corresponded 
to 3T7 per cent of glucose. CgaHggOig 
requires ( for one molecule of glucose ) 
36*2 per cent. 

A 2 per cent aqueous solution of kutkin, 
on keeping with emulsin at 40°C. for 30 
min., turned yellow and reduced Fehling's 
solution. 

Action of Dilute Acids & Alkali on Kut- 
kin — Hydrolysis of kutkin with 5 per 
cent aqueous sodium hydroxide on keeping 
for 48 hr. at room temperature also 
yielded the two crystalline products obtained 
through hydrolysis with baryta solution, 
but the total yield of the two products 
was only 30 per cent on the weight of 
kutkin as against 63 per cent of the 
theoretical and 48 per cent by the baryta 
hydrolysis. 

Hydrolysis of kutkin with 0*2 per cent 
of sulphuric acid on the water bath led to 
considerable resinification and blackening 
of the solution, and no crystalline pro- 
duct could be obtained from the reaction 
mixture. 

Dilute acetic acid ( 1 to 3 per cent ), in 
a sealed tube at 125X., hydrolysed kutkin, 
and from the products of hydrolysis vanil- 
lic acid could be isolated in a yield of 20 per 
cent. No cinnamic acid could, however, 
be obtained from this hydrolysate. 

Isolation of Free Vanillic Acid from the 
Roots — The ether extract of a sample of 
the defatted drug was concentrated on the 
water bath and shaken with dilute sodium 
bicarbonate solution. The bicarbonate solu- 
tion was acidified, extracted with ether, the 
ethereal layer was washed with water and 
dried over anhydrous sodium sulphate, and 
freed of the solvent. The light brown resi- 
due gave, through chloroform, colourless 
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needles of vanillic acid melting at 202°C. 
( yield 0*1 per cent on the weight of the 
dried powdered roots ). 

Kurrin, CgHigOg — Crude kurrin, melting 
at 158X. (decomp.), was repeatedly crys- 
tallized from hot dilute methanol, when it 
finally yielded the pure product in the form 
of colourless, silky needles melting at 166°C. 
Kurrin is soluble in cold water, sparingly 
soluble in' hot methanol and nearly in- 
soluble in other organic solvents. It does 
not reduce Fehling solution either before 
or after hydrolysis with dilute sulphuric 
acid and does not give any effervescence 
with sodium carbonate solution. It readily 
dissolves in concentrated sulphuric acid and 
concentrated nitric acid giving colourless 
solutions. It is optically inactive. At- 
tempts to methylate kurrin with dimethyl 
sulphate and alkali or with methyl iodide 
and silver oxide after the method of Irvine 
and Purdie were not successful. Kurrin 
was recovered unchanged on heating with 
dilute sulphuric acid or fusion with 50 per 
cent potassium hydroxide at 190X. After 
drying to constant weight in vacuo over 
phosphorus pentoxide, it gave C, 39*7 ; 
H, 7*3; OCHg (after Zeisel), 5*5; active 
H ( Zerewitinoff ), 1-7, 2*1; mean, 1-9. 

CgHjgOg Tcquires C, 40*0 ; H, 6*6 ; OCHg 
( for 1 ), 5*5 ; active H, ( for 5 ) 1- 8 ; ( for 6 H ), 
2*2 per cent. 

Penta-hcnzoyl-kurrin, C44H3yOi4 — 0*1 gm. 
of Kurrin was dissolved in 10 per cent 
sodium hydroxide and 1 c.c. of benzoyl 
chloride was slowly added to the solution 
with vigorous shaking and cooling. After 
completion of the reaction, the resulting 
product was extracted with ether and the 
ethereal solution was washed with dilute 
alkali and then water, dried over anhyr 
drous sodium sulphate and freed of the 
solvent on the water bath. The residue, 
on crystallization from methanol, yielded 
the benzoyl derivative in the form of 
colourless clusters of needles, melting at 
142°C. ; yield 0*29 gm. After drying to 
constant weight at 100°C. in vacuo over 
phosphorus pentoxide, it gave C, 66*6 ; 
H, 4-5 ; C44HggOj4 requires C, 66*7 ; H, 
4*8 per cent. 

0*1 gm. of the substance on benzoyla- 
tion in dry pyridine solution with 2 c.c. of 
benzoyl chloride also gave the benzoyl 
derivative obtained above in a yield of 
0*26 gm. 

Acetylation of Kurrin ( Anhydro-tetra- 
acetyl Kurrin) — A mixture of 0*1 gm. 


of substance, 1 gm. of fused sodium acetate 
and 2 c.c. of acetic anhydride was heated 
on a water bath for 2 hr. The reaction 
mixture was diluted with water and the 
acetyl derivative, obtained as a whitish 
powder, was filtered, washed with water 
and crystallized from alcohol. It melts at 
120X. ( yield 0*12 gm. ), is soluble in 

methanol, alcohol, benzene, ether and ethyl 
acetate, and insoluble in water, chloroform 
and petrol ether. After drying to constant 
weight at 61 °C. in vacuo over phosphorus 
pentoxide, it gave C, 49*6 ; H, 6*2 ; M.W. 

( cryoscopic in benzol), 398. L17H22O11 

( tetra-acetyl kurrin with intramolecular 
elimination of two molecules of water ) 
requires C, 50*7 ; H, 5*5 ; M.W., 4^2. 

0*1 gm. of the substance, on acetylation 
with 2 c.c. of acetyl chloride in dry pyri- 
dine solution, also gave an identical acetyl 
derivative ( yield 0*11 gm. ). 

Action of Phenyl Hydrazine on Kurrin — 
An aqueous solution of 0*1 gm. of the 
substance was heated on the water bath 
for 2 hr. with 1 gm. of phenyl hydrazine 
hydrochloride and 1 gm. of sodium acetate. 
The reaction mixture was acidified with 
dilute acetic acid and extracted with ether. 
The ethereal layer was washed with water, 
dried over anhydrous sodium sulphate and 
freed of the solvent. The residue, on crys- 
tallization from ligroin, yielded clusters of 
yellowish-orange needles melting at 128°C. ; 
yield ()*()7 gin. After drying to constant 
weight at 6PC. in vacuo over phosphorus 
pentoxide, it gave C, 64-5 ; H, 6*5 ; N, 
17*0 per cent. C27Hg20gNg ( triphenyl 
hydrazone of kurrin with intramolecular 
elimination of two molecules of water ) 
requires C, 64*2 ; H, 6*3 ; N, 16*6 per cent. 

The Fatty Portion — 

K u t k i o 1 Acetate — The petrol- 
eum ether extract of the powdered roots, 
after removal of the solvent under vacuo, 
yielded a greenish-brown oil ( 9*6 gm. ) with 
a charateristic smell which, on keeping in 
benzol solution, gave a crystalline deposit 
of the crude kutkiol acetate. After a few 
crystallizations from hot ethyl acetate, 
it was finally obtained as clusters of needles 
melting at 74°C. ( yield 0*06 per cent ). 
Kutkiol acetate is soluble in petroleum ether, 
benzene, ether and ethyl acetate in the 
hot, and insoluble in methanol and alcohol. 
After drying to constant weight in vacuo 
over phosphorus pentoxide, it gave C, 81*4 ; 
H, 13*7; M.W. (Rast), 535. re- 

quires C, 81*3 ; H, 13*5 ; M.W., 620. 
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On hydrolysis with alcoholic potassium 
hydroxide, it yielded an alcohol, kutkiol, 
melting at 118X. and acetic acid. Kut- 
kiol, on analysis after drying to constant 
weight in vacuo over phosphorus pentoxide, 
gave G, 82*6 ; H, 147 ; M.W. ( Rast ), 542. 
C40H82O requires C, 83-0 ; H, 14-1 ; M.W., 578. 

Kukti-sierol — 10 gm. of the residue left 
on removal of the solvent from the mother 
liquors of kutkiol acetate was saponified 
with 15 per cent alcoholic potash by heating 
on the water bath for 3 hr. The alkaline 
solution was diluted with water and repeat- 
edly extracted with ether and the ethereal 
layer was washed free of alkali, dried 
over anhydrous sodium sulphate and freed 
of the solvent. The orange-coloured resi- 
due (3*9 gm. ), on repeated crystallizations 
from alcohol, gave colourless needles of the 
sterol melting at 124X. 

The sterol gave the characteristic Lie- 
bermann-Burachard colour reactions for a 
phytosterol. It is soluble in petroleum 
ether, ether, ethyl acetate and chloroform, 
sparingly soluble in alcohol, and insoluble 
in methanol and water. In 1 per cent 
chloroform solution, it gave [a lV“— 39*0°. 
It gave a digitonide melting at 245X. 
( decomp. ). After drying to constant 
weight at 100°C. in vacuo over phosphorus 
pentoxide, the sterol gave C, 83-6 ; H, 11*8 ; 
M.W. (Rast), 384. C24H4(,0 requires C, 
837; H, 11-6; M.W, 344. 


The acetyl derivative prepared by heat- 
ing the sterol with acetic anhydride and 
fused sodium acetate on the water bath 
melted at 110°C. 

The percentage of sterol in the fat was 
determined by the digitonide method of 
Windaus. 25 c.c. of 1 per cent solution of 
digitonin in 95 per cent alcohol were added 
to the iinsaponifiable matter obtained from 
5 c.c. of the fat, dissolved in the same 
solvent. After standing overnight the preci- 
pitate was filtered on a weighed Gooch 
crucible, washed with alcohol, dried at llOX. 
and weighed ( 0-88 gm.; equivalent to 0T8 
per cent on the weight of the dry roots ). 
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Chemical Composition of the 
Flowers of Butea superba 

V. SUBBA RAO & T. R. SESHADRI 

Departments of Chemistry & Chemical Technology, Andhra 
U niversity, Waltair 


T he flowers, seeds and root bark of 
Butea frondosa have been used in In- 
dian medicine and have already been 
examined chemically. The closely 
related plant, Butea suferba, has also been 
used in medicine ; the flowers and bark have 
been claimed to be useful in scorpion stings 
and snake bites. The roots, which are 
considered in Siam to have rejuvenating 


properties, were examined and the presence 
of two glucosides noted^. Preliminary phy- 
siological experiments indicated the presence 
of an oestrogenic substance and also a poi- 
sonous substance^. In the present note, 
the results of the examination of the flowers 
of Butea superba obtained from the forests 
of the Godavari Agency are presented. They 
were studied on the same lines as were 
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adopted for Butea frondosa flowers^**^ 
From the alcoholic extract, on concen- 
tration, was obtained a heavy precipitate 
of a glycoside which was insoluble in ether, 
chloroform and acetone. When this was 
purified and crystallized from aqueous 
alcohol, it was colourless, melted at 193°- 
194°C. (decomp.), and agreed in all its 
properties with butrin. The identity was 
established by hydrolysis with dilute acid 
whereby a mixture of butin and butein were 
obtained. Confirmation was provided by 
methylation using dimethyl sulphate and 
anhydrous potassium carbonate in ' dry 
acetone medium and final hydrolysis of the 
methylated product yielding 2 : 4-dimethyl- 
butein. 

In certain experiments it was found 
possible to isolate mono-methyl butrin which 
was identical with a similar product obtained 
by the action of diazomethane on butrin^. 
This, on hydrolysis, yielded a mixture of 
4'-methyl-butin and 4'-methyl butein. This 
type of partial methylation yielding a methyl 
ether of a flavanone without a free hydroxyl 
group in the 5-position is ordinarily unusual® 
but in the present case, probably owing to 
the sparing solubility of butrin and its 
mono-methyl-ether in acetone, its formation 
and isolation are possible. Earlier, LaF re- 
ported the formation of mono-methyl butrin 
by the action of methyl iodide and potas- 
sium carbonate in absolute methyl alcoholic 
medium. A typical methylation experi- 
ment yielding this result is described here. 
Finely powdered butrin ( 1-0 gm.), anhydrous 
potassium carbonate ( 3-0 gm. ), dimethyl 
sulphate ( 1 c.c. ) and pure dry acetone 
( 40 c.c. ) were refluxed together for 30 hr. 
The acetone was removed and the residue 
was dissolved in 25 c.c. of water and set 
aside. A colourless, crystalline mass slowly 
separated out. This was filtered and crystal- 
lized from hot water. The substance melted 
at 222°C., did not give any colour with 
ferric chloride, but gave a bright-violet 
colour with magnesium powder and hydro- 
chloric acid. It was found to be identical 
with mono-methyl butrin obtained by^ 
methylating butrin with diazomethane. 

The yield of butrin from B. superha 
flowers is almost the same as from B. fron- 
dosa flowers. From the mother liquor 
left after the separation of butrin could 
be isolated butein and butin. Thus there 
is close resemblance in every respect between 
the two flowers, Tlie superha flowers have 
a more marked orange-red colour but 


this seems to be due to the presence of 
carotenoids. 

With reference to the medici lal properHes 
of these flowers, it may be appropriate to 
mention here the recent finding® that butein 
and similar chalkones have marked bac- 
teriostatic properties which are also pos- 
sessed by related flavanones. Consequently, 
we have now examined the toxic properties 
of butein and butin on fish. It is found 
that in a concentration of 100 mg. per litre 
(a dilution of 1 in 10,000), butein exhibits 
toxic effects ( fish turning upside down ) 
in the course of 2 hr. and 50 per cent of 
the fish employed do not recover but die 
even after their removal to fresh water. 
On the other hand, butin is considerably 
less toxic since, even at a concentration 
of 200 mg. per litre, it exhibits no toxic 
^effect on fish during 24 hr. Thus, it would 
appear that hydroxy-flavanones, in virtue 
of their lower toxicity, may serve as better 
anti-bacterials. A number of related chalk- 
ones, flavanones and their methyl ethers 
were examined recently® with respect to 
their toxic properties and the results report- 
ed. With chalkones, the toxic symptoms 
set in more slowly but they are more per- 
sistent ; the methoxy-chalkones are less 
toxic than the isomeric flavanones whereas 
the reverse is the case when a number of 
hydroxyl groups are present. As soon as 
all the hydroxyl groups of the chalkones are 
methylated, the toxicity increases consider- 
ably. The present study of butin and butein 
agree in general with these conclusions. 

Summary 

The flowers of Butea superha yield the 
same crystalline components as those of 
Butea frondosa, the predominant product 
being butrin. Butin is far less toxic to fish 
than butein. 
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Some Polymerized Products from Castor Oil 


OM PRAKASH, 


W HILE carrying out investigations 
on the dehydration of castor oil 
with various catalysts, it was 
found that selenium did not cata- 
lyse dehydration of the oil to any appre- 
ciable extent. An interesting phenomenon, 
however, was observed when the treated oil 
was allowed to cool. The oil, on cooling, 
was found to have thickened and become 
almost solid like wax. 

Action of catalysts on polymerization of 
oils has been widely studied but these studies 
mainly refer to the production of drying 
oils. Sulphur and sulphur-containing com- 
pounds have been employed by Gardner^ 
in the bodying of tung oil to prevent gelation. 
Harfer^ used selenium for the same purpose. 
Parkin® has patented the use of dairyl and 
dialkyl disulphides. The action of liquid 
sulphur monochloride on oils like castor oil 
and rape-seed oil has been studied by Kauf- 
man, Baltes and Mardner^. Recently, dry- 
ing oil polymers have been developed having 
the properties of natural rubber such as 
Norepol, Agripol®, Vulprene®, etc., from 
soya-bean or linseed oil. 

The thickened product obtained by us is 
different from the products referred to above 
and does not appear to have been studied so 
far. No reference in literature could be 
traced in respect of the use of selenium as 
a polymerization catalyst. 

A study of the polymerized products form- 
ed under varying experimental conditions 


T. R. SHARMA & D. Y. ATHAWALE 


has been, therefore, made and the results 
are given in this communication. 

Experimental 

The oil was thoroughly mixed with 1 per 
cent metal powder and heated at different 
temperatures for varying periods. The 
products obtained were examined for their 
softening points, acid, iodine, saponifica- 
tion and acetyl values, and solubility in 
ethyl alcohol. The results are shown in 
Table I. 

Increase in the acid value indicates in- 
creased splitting and decomposition of the 
glycerides with increase in temperature. 
The iodine value is stationary, indicating 
that there is no change in the unsaturation 
of the glycerides. Fall in the acetyl value 
indicates some reduction in the hydroxyl 
groups. Solubility in alcohol at all stages 
shows that the hydroxyl groups are not 
appreciably affected. 

The above experiments show that : (1) pro- 
ducts of varying consistencies are obtained ; 
(2) heating at 200°C. appears to produce 
maximum hardening ; and (3) the products 
have rather high acidity, a feature which is 
undesirable for most of the uses to which 
these products are likely to be put. 

Experiments were then carried out to 
obtain products of low acidity by heating 
the oil in an atmosphere of carbon dioxide 
for different intervals of time and testing the 
resultant products. 


TABLE I — CATALYST 1 PER CENT 


No.* 

TEMrERATURE OF 
REACTION 

^C. 

Time of 

HEATING 

hr. 

Nature of product 
^ ^ 
on cooling .Tfter 24 hr. 

Acid 

VALUE 

Iodine 

VALUE 

(Wijs’) 

Saponi- 

fication 

VALUE 

Acetvl 

VALUE 

SOLUniLlTV 
IN 95% ETHYL 
ALCOHOL (1 : 1) 

Softening 

POINT 

X. 

1. 

150-160 

1 

Liquid, 

greenish 

Solid, 

greenish 

16'4 

85-7 

182-4 

138-7 

Completely 

soluble 

45 

2. 

150-160 

2 

do 

do 

17-6 

84-8 

183-9 

1881 

do 

54 

3. 

150-160 

3 

do 

do 

19-2 

84-9 

184-9 

137-2 

do 

62 

4. 

200-210 

1 

do 

Solid, light 
green 

21-2 

84-4 

183-4 

134-3 

do 

55 

5. 

200-210 

2 

do 

do 

22 1 

84-8 

184-6 

132-1 

do 

66 

6. 

200-210 

3 

do 

do 

22-9 

84-2 

185-7 

130-2 

do 

64 

7. 

250-260 

1 

Thick 

liquid 

brownish 

Solid, 

slightly 

reddish 

brown 

31 0 

84-6 

185-2 

129-5 

do 

50 

8. 

250-260 

2 

do 

do 

34-5 

84*8 

186-6 

126-0 

do 

43 


* lo experiments 1, 2, and 3, the catalyst was collected at the bottom in powder form at the endt>f the reaction, while in experi- 
ments 4 to 8, it was in a molten state and formed a lump. On cooling, the mass was found to be porous and could be easily powdered. 
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TABLE II 


Temperature 200'’C. ; carbon dioxide atmosphere ; 
catalyst selenium (a) 1% ; (b) 2% 


No. 

Intervals 

Consis- 

Acid 

Softening Remark: 


AT WHICH 

tency 

VALUE 

point 



SAMPLES 



(capillary 


WERE 



tube 



DRAWN, 



method) 



min. 



X. 



Untreated 

oil 

Liquid 

2 3 



1. 

(a) 30 

Solid after 
keeping 

22 

40-6 1 

Suitable for 

2. 

(b) 30 

(a) WJ 

(b) no 

overnight 

do 

do 

do 

20 

2-2 

21 

43-3 

49-61 

50 

»■ petroleum 
jelly and 
vaseline 

3. 

(a) 90 

do 

2-4 

54-6-57 

1 


(b) 90 

do 

2-2 

55 • 6 

Suitable for 

4. 

(a) 120 

do 

2-5 

08-70 

use as wax 


(b) 120 

do 

2-2 

ttO 1 

substitute 

5. 

(a) IfiO 

do 

2-7 

00-62 

and lubrica- 


(b) 150 

do 

2-4 

57 • 2 

ting grease 

6. 

(a) 180 

do 

2-8 

57-00 


(b) 180 

do 

2-5 

53-9 



The results of these experiments are given 
in Table II. 

From the above results, the following 
points emerge : 

1. In an atmosphere of carbon dioxide, 
the acidity of the final product is low. 

2. In conformity with results of the 
previous findings, after a certain period of 
heating, the melting point of the product 
begins to fall. 

3. The maximum hardening is reached 
after about 2 hr. ; the product obtained has 
a somewhat higher softening point ; and 

4. there is no advantage in using higher 
percentages of the catalyst. 

Larger samples of hardened castor oil 
of the consistency of petroleum jelly or 
vaseline were prepared using 1 per cent 
selenium catalyst in a carbon dioxide atmos- 
phere. The product was faintly greenish 
yellow and had an acid value of 2*9. 

Samples of the product were sent to the 
Ordnance Laboratories, Kanpur, for being 
tested whether it conforms to the Indian 
Stores Department specification for petro- 
leum jelly, and to the Principal, Medical 
College, Agra, for being tested as a substitute 
for vaseline. The report from the Ordnance 
Laboratories was that the product conformed 
in all respects to the Indian Stores Depart- 
ment Specification G/O-101/86 for mineral 
jelly except for the lower softening point 
and higher organic acidity. 

The report of the Principal, Medical 
College, Agra, shows that the first sample 
sent to him was found to cause irritation 
when applied to the eyes and had an acrid 


smell. The product was refined to remove 
the acidity by caustic soda treatment and 
subsequent washing and drying. The mois- 
ture-free neutral material was then treated 
with 3 per cent bleaching earth and 1 per 
cent of “ Decol " for half an hour at 80°C., 
and filtered hot. The filtered oil was then 
treated for an hour with superheated steam 
( at 250'^C.) under vacuum and at a tem- 
perature of 100° to 125°C. The improvement 
resulting from the treatment is shown in 
Table III. 

The refined sample was found satisfactory 
as a base for medicinal ointments. It did 
not promote bacterial growth, caused no 
irritation and possessed no objectionable 
odour. 

As selenium is rather costly, it was 
considered advisable to study whether the 
catalyst can be used continuously with a 
view to lengthen its useful life and obtain a 
maximum yield of the polymerized product. 
To ascertain whether the reaction could be 
carried out continuously, fresh quantities 
of the raw oil were run into the flasks con- 
taining the catalyst mass left over from 
previous trials. Samples were drawn out, 
as before, at intervals of 1 hr. The results 
obtained are given in Table IV. 

The results show that the action of the 
catalyst used for a second time was not quite 
satisfactory. It was mainly due to the lack 
of thorough intermixing of the catalyst and 
the oil. Accordingly, the residual catalyst 
was thoroughly mixed with the oil by 
grinding before the heating operation. 



Colour 

Acid value 
Smell 

TABLE III 

Product before 

TREATMENT 

Faint green 

2-9 

Acrid 

Product after 

TREATMENT 

No change 

0-8 

Odourless 

TABLE IV 

Temperature. 200^C. ; castor oil, 500 em . ; catalyst, 5 gm. selenium ; 

No. 

Interval 

carbon dioxide atmosphere 

Catalyst left over Catalyst left over 


AT WHICH 

FROM 1st series OE 

FROM 2n1) series OF 


SAMPLES 

EXPERIMENTS USED 

EXPERIMENTS USED 

1. 

WERE DRAWN 

hr. 

I 

Product : liquid after 

Product : liquid after 

2. 

2 

24 hr. cooling 
do 

24 hr. C(X)ling 
Product : viscous li- 

3. 

3 

Product : viscous 

quid after 24 hr. 
cooling 

Product : very thin 

4. 

4 

liquid after 24 hr. 
cooling 
do 

paste after 24 hr. 
cooling 

Product ; thin paste 




after 24 hr. cooling 
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Experimental 

Castor oil (5 kg. ) was saponified by 
slight warming with 1 kg. of caustic soda 
dissolved in 2 litres of water. The resulting 
pale-white soap contained 20 per cent 
moisture and about 1 per cent excess alkalis 
200 gm. lots of this soap were mixed thorough- 
ly with weighed amounts of different basic 
materials, transferred to round-bottom 
flasks with separting funnels and distil- 
ling heads, and heated in an air bath. The 
temperature was raised gradually. Much 
hydrogen gas was evolved in the beginning 
and care was taken not to lose the octyl 
alcohol which distilled over along with some 
water. The water was separated from the 
alcohol and poured back into the flask 
through the separating funnel at the rate 
of 2 or 3 drops a minute. The temperature 
was gradually raised to 200°C. till no 
more octyl alcohol distilled over. This 
process takes 50-70 hr. continuous heating. 
The crude octyl alcohol thus collected was 
fractionally distilled and the fraction be- 
tween 175°-180X. was pure secondary 
octyl alcohol. The solid product which 
remained in the flask was suspended in 
water, acidified with dilute hydrochloric 
acid, boiled and filtered hot. The filtrate, 
on cooling, deposited crystals of sebacic 
acid ( m.p. 133®-134X. ). They were fil- 
tered and dried at 40°-50°C. The per- 
centage of octyl alcohol and sebacic acid 
obtained are given in Table I. 


TABLE II 


Period of heating 
hr. 


4 

8 

12 


Yield of 

SEBACIC ACID 
% 

25 '5 
53 >0 
53-8 


The results show that a maximum yield of 
sebacic acid is obtained when castor oil 
soap is heated in the presence of 20-30 per 
cent of caustic soda. The yield of secondary 
octyl alcohol, however, is maximum when 
castor oil soap is heated with 30 per cent 
sodium carbonate. Besides a higher yield, 
the alcohol is purer. 

In order to find out the effect of heating 
under pressure, 200 gm. of the soap were 
mixed with 60 gm. of caustic soda and the 
mixture heated in an autoclave at 260^^0. 
at a steam pressure of 700 Ib./sq. in. for 
diflerent lengths of time. The yields of 
sebacic acid arc given in Table II. 

Heating for 8 hr. under pressure will 
give a higher yield of sebacic acid than 
pyrolysis under ordinary pressure. 
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Extraction of Potash from Felspar 


Y. VENKATESHAM 

Central Laboratories for Scientific & Industrial Research 
Osmania University, Hyderabad [India) 


F elspar has been located in Hydera- 
bad State in abundant quantity in 
Raichur, Mahboobnagar, Gulberga 
and Nalgonda districts^. Potash, a 
valuable fertilizer, is locked up in felspar. 
No commercial process is as yet available 
for its recovery from this mineral. The 
dry processes for the extraction of potash 
from felspar require high temperature and 
special equipment. The wet processes 


consisting of digestion of felspar with a 
calcium compound under pressure are com- 
paratively simpler. Besides, in the latter 
case, the residual material after the recovery 
of potash is a valuable by-product which 
can be used in the preparation of cement 
and bricks. 

Ross* obtained a 90 per cent yield of 
potash when a mixture of felspar ( 5 gm. ) 
and lime ( 8 gm. ) is digested in a nickel- 
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steel bomb of 250 c.c. capacity, under a 
pressure of 10-15 atm. The purpose of 
this investigation is to study the above 
process using commercial lime and larger 
quantities of the materials and also to study 
the effect of using basic calcium nitrate 
in the place of lime. 

Experimental 

The Golconda felspar contains 1T3 per 
cent KjO and 5*0 per cent NagO, while 
Mahboobnagar variety consists of 9*86 per 
cent KgO and 4*67 per cent NagO. The 
Golconda felspar which is richer in potash 
content was used in all the experiments. 

The felspar was heated in an oven to about 
700''-800°C., quenched in cold water, crushed 
to pass through 120 mesh and analysed. 
The results of the analysis was as follows : 


% 


Silica 

64-58 

Alumina 

17-71 

Iron oxide 

0-50 

Calcium oxide 

0-80 

Magnesium oxide 

— 

K^O 

11-30 

NaaO 

5-00 

Felspar ( 120 mesh powder) 

, commercial 


quicklime ( 120 mesh powder) and enough 
water were added into an autoclave and 
thoroughly mixed. The steel autoclave 


( 4 litres capacity ) was enclosed in an oil 
bath, and provided with a safety valve, 
a pressure gauge and a thermometer and 
heated with a stove. The digestions were 
carried out at 100, 150, 200 and 250 lb, 
per sq. in. pressure. After digestion, the 
resulting slime was filtered through a 
Buchner funnel, the residue was washed 
4 times with hot water and the potash in 
the filtrate estimated by the cobalti- 
nitrite method^. The results of experiments 
with different samples of commercial lime, 
containing 54*6, 70 and 90 per rent of 
CaO, at different pressures and i:itervals 
of time have been given in Table I. 

It will be seen from the results that the 
yield of potash increases with increase in 
pressure, 90*8 per cent of the potash con- 
tained in felspar being recovered when a 
mixture of 225 gm. of lime ( containing 200 
gm. of calcium oxide ) and 100 gm. of felspar 
powder is digested at 250 lb. per sq. in. 
pressure for 6 hr. ( expt. 10 ). Increase in 
the quantity of the felspar in the digestion 
mixture results in a lower yield under simi- 
lar conditions ( cf. expts. 6, 7 and 8 ). The 
results of experiments 10, 11 and 12 show 
that the yield of potash is proportional to 
the calcium oxide present in the mixture. 
Calcium carbonate present in commercial sam- 
ples of lime does not act on felspar. The 
yield is enhanced when calcium carbonate 


TABLE I 


Exi’t. 

Wt, of 

Wt. of 

Purity of 

Calcium 

Reaction 

Time 

Yield of 

No. 

FKI-SI-AR 

QUICKLIME 

LIME 

PRESENT AS CaO 

PRESSURE 

hr. 

POTASH 


gm. 

gm. 

U/ 

yO 

gm. 

Ib./sq, ill. 


Vo 

1 

100 

200 

54-6 

78 

KKl 

4 

10-4 

2 

100 

2(H) 

54 • 6 

78 

KH) 

6 

23-4 

3 

50 

143 

70 

71 

150 

4 

610 

4 

50 

143 

70 

71 

1.50 

0 

66 0 

5 

60 

143 

70 

71 

200 

6 

780 

6 

50 

143 

70 

71 

2.50 

6 

88 • 0 

7 

KKl 

28(J 

70 

142 

250 

() 

71-8 

8 

2(M) 

570 

70 

284 

250 

6 

63-3 

9 

2(M) 

570 

70 

284 

2.50 

10 

70 0 

10 

KNl 

225 

90 

144 

2.50 

6 

1)0-8 

11 

1(H) 

112 

(K> 

72 

250 

6 

46-3 

12 

100 

56 

IH) 

30 

250 

() 

23-3 






TABLE II 





Expt. 

Wt. of 

Wt. of 

Purity of 

Nitric 

Total 

Reaction 

Time 

Yifi n 

OF POTASH 

No. 

FELSPAR 

QUICKLIME 

LIME 

ACID 

CALCIUM 

PRESSURE 

hr. 




gm. 

gin. 


( 66% ) 

iN THE 

Ib./sq. in. 



C.tIcu- 





c.c. 

MIXTURE 




lated 






gm. 





13 

100 

185 

54*6 

120 

104 

1.50 


45 • 9 


14 

KKl 

185 

54-6 

120 

104 

150 


55 • 5 


15 

100 

185 

54-6 

120 

104 

150 


62 8 


16 

100 

92 

64-6 

60 

52 

150 


21 35 

22 - 0 (1.3) 

17 

100 

92 

54 • 6 

60 

52 

150 


28-7 

27-8 (14) 

18 

100 

92 

54 -6 

60 

62 

1.50 


36-4 

31-4 (15) 

19 

60 

70 

70 

60 

46 

150 


36 0 

39-62 (3) 

20 

50 

70 

70 

60 

46 

2(K) 


53-6 

50-64 (5) 

21 

50 

70 

70 

60 

46 

250 


58*3 

57-02 (G) 

22 

100 

107 

90 

120 

73 

250 


49*3 

4601 (10 
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is converted into a reactive calcium com- 
pound such as calcium nitrate. 

Enough nitric acid was added to the mix- 
ture of felspar, lime and water so as to form 
a mixture ultimately consisting of felspar, 
calcium nitrate and calcium oxide. The 
quantities of felspar, lime, nitric acid em- 
ployed, the conditions of digestion and 
yield of potash are given in Table II. 

When felspar is digested with a mixture 
of calcium oxide and calcium nitrate, the 
yield of potash is proportional to the total 
calcium content. The observed results 
show good agreement with the calculated 
values. Further work is in progress to find 
out the part played by calcium oxide and 
calcium nitrate in the reaction. 

Utilization of Sludge 

Bricks made from the sludge remaining 
over after the extraction of potash, under 
a pressure of 2 tons per sq. in., and steamed 
for 8 hr. at a pressure of 100 Ib./sq. in. 
possess a crushing strength of 2,200 lb. 
per sq. in. 

Superior quality sand-lime bricks can 
be made from the sludge when mixed with 
suitable amount of sand and water. Bricks 
were prepared with 55 gm. of sludge, 365 
gm. of sand and 25 c.c. of water and steamed 
as described above. The crushing strengths 
of the bricks compare well with those of 
first-grade sand-lime bricks ( Table III ). 

Summary 

1. The yield of potash is 90-8 per cent 
when felspar and lime (90 per cent CaO) 


Letters 


ANALYTICAL USES OF 
BENZOHYDROXAMIC ACID 

The analytical applications of benzo- 
hydroxamic acid in qualitative and quanti- 
tative inorganic an^ysis are described in 
this note. The reagent gives deep-coloured, 
stable, water-soluble complexes with a 
number of cations. It promises to be of 



TABLE III 

Crushing 

Purity of limf. 

Crushing 

STRENGTH ; 

A.S.T.M. Standards 

< USED FOR 

STRENGTH 

DIGESTION 

Ib./sq. in. 

FOR SUPERIOR GRADE 

% 

(SW) S.L. brick 



Ib./sq. in. 

90 

70 

5130 ) 

3829 J 

3.500-4500 


mixture containing felspar : calcium oxide as 
1 : 2 by weight is digested at 250 Ib./sq. in. 
pressure. 

2. The yield of potash is proportional 
to calcium content cf lime. Calcium carbo- 
nate present in the commercial samples 
of lime is inert. The yield is improved by 
converting calcium carbonate to calcium 
nitrate by the addition of nitric acid. The 
yield is then proportional to the total calcium 
content. 

3. The sludge obtained after recovery 
of potash can be used in the preparation 
of sand-lime bricks. 
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to the Editor 


great use in the detection of traces of metals 
like uranium, vanadium and molybdenum. 

The potassium salt of the reagent is 
easily obtained by reacting a methyl alcohol 
solution of ethyl benzoate with hydroxyl- 
amine in the presence of potassium hydro x- 
ide. The reagent is neutralized with dilute 
hydrochloric acid before use. Best results 
are obtained in nearly neutral media as the 
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development and intensity of colour are 
adversely affected by low or high pH. 

The sensitivity and the limit of con- 
centration for uranium and vanadium with 
this reagent are superior to the limits 
obtained with the other standard “ spot ** 
test reagents in use ( potassium ferrocya- 
nide and hydrogen peroxide respectively ). 
The results obtained with molybdenum 
also compare favourably with those obtained 
with phenylhydrazine reagent. 

Tests carried out on a spot " plate with 
3 per cent neutral aqueous solution of the 
reagent gave the following results : 


Limit of con- 
centration 

1 ; 20(),t»00 
1 : 50, (KK) 

1 : 250,000 
1 : 20,000 

1 : 50,000 

1 : 2(K>,0(K) 

1 : 300,000 


TABLE I 

Cation Reagent Sensitivity 

Uranium Benzohydroxainic acid 0-5 

Pot ferrocyanide 0 0 /x 

Vanadium Benzohydroxainic acid 0 2/^ 

Hydrogen peroxide 2 5 /x 

Ferric chloride ) i.n ^ 

Dimethylglyoxime ) l o p- 

Molybdenum Benzohydroxainic acid 1-0 /x 

Phenylhydrazine reagent 01 /x 


[7 ranium — A deep-orange colour is 
obtained in weak acid medium, while in 
weak ammoniacal solution, an orange 
precipitate soluble in excess of ammonia is 
produced. 

Vanadium — A deep-purple colour is 
given by pentavalent vanadium in neu- 
tral or slightly alkaline solutions. 

Molybdenum — A golden-yellow colour 
is produced in weakly ammoniacal medium. 

The test for vanadium is of especial im- 
portance as it promises to be a convenient 
method for colorimetric detection and esti- 
mation of vanadium in magnetite ores, 
specially because the deep colour of the iron 
complex can be easily masked with hydro- 
fluoric acid. 

The conditions for the quantitative deter- 
mination of the cations are being investi- 
gated. 

The work was undertaken at the 
suggestion of Dr. J. Gupta, Asst. Director, 
National Chemical Laboratory, to whom our 
thanks are due. 


M. M. Singh 
A. K. Das Gupta 


Inorganic Division 
National Chemical Laboratory 
Delhi 

July 11, 1949 


A NOTE ON THE CHEMICAL 
EXAMINATION OF NIM ( MELIA 
AZADIRACHTA) EXUDATE 

The chemical examination of nim Exu- 
dation was undertaken as a part of the 
scheme of systematic investigation on nim 
( Melia azadirachta ; Melia indica )i'®. The 
exudation is a rare, seasonal occurrence in 
comparatively older trees, and is reputed 
in the indigenous systems of medicine as 
an alterative tonic. The sap was collected 
locally in the months of December- Janu- 
ary. It had a strong smell of i crmented 
liquor with the characteristic odour of nim, 
and was opalescent in character. It was 
slightly sweetish in taste and acidic to 
litmus. 

The freshly collected exudate had a 
specific gravity, 1*0525 at 19°C. and a 
pH, 5*0. It contained total solids, 12*5 
per cent ; reducing sugar ( calculated as 
glucose ), 0*5 per cent ; total acids ( calcu- 
lated as acetic acid), 0*8 per cent. The 
sap was dextro-rotatary but exact deter- 
mination of the optical rotation was not 
possible because of the opalescent character 
of the liquid which could not be got over 
by repeated filtration. Analysis of the 
ash from the total solids, precipitated by 
the addition of alcohol, showed the presence 
of phosphate, sulphate, iron and calcium. 
An essential oil, giving a qualitative test 
for sulphur, was isolated from the steam 
distillate of the exudation, in a compara- 
tively poor yield. Acetic acid was identi- 
fied in the sap distillate. 

Satyendra Bhattacharji 
Chittaranjan Mitra 
Salimuzzaman Siddiqui 

Chemical Laboratories 
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Delhi 

August 22, 1949 
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A NOTE ON THE CHEMICAL 
EXAMINATION OF NIM (^MEUA 
AZADIRACHTA) TRUNK- BARK 

Chemical examination of the nim trunk- 
bark, reputed as a febrifuge in the indi- 
genous systems of medicine, has been carried 
out in continuation of the systematic 
investigation on the various parts of the 
nim tree ( Melia azadirachta ; Melia in- 
dica ). The crystalline bitter constituents, 
nimbin and nimibinin, and the amorphous 
bitter, nimbidin, isolated earlier from the 
nim oil^ and the root-bark^, have also been 
obtained from the alcoholic extract of the 
trunk-bark in an yield of 0*04, 0-001 and 
0-4 per cent respectively. The oil-soluble 
bitter, nimbidol ( loc. cit. ), was not, however, 
found to be present in the trunk-bark. An 
essential oil having similar characteristics 
to that isolated from the nim blossoms® 
his*--aIi^o been obtained from the petrol- 
ether ^6luble fraction of the alcoholic ex- 
tract in an yield of 0-02 per cent. The 
unsaponifiable fraction of the fatty portion 
of the extract yielded nimbosterol ( loc. 
cit. ) in an yield of 0-03 per cent. The 
tannin content of the bark has been found 


to be ca. 6 per cent on the weight of the 
dry bark. 

The isolation of an amorphous glucoside 
from the nim trunk-bark has been reported 
earlier by Sen^, but following the procedure 
adopted by him for the isolation of the 
substance, it has only been possible to 
obtain a product consisting of tannin mate- 
rial contaminated with the bitter principles 
of the nimbidin series. 

Satyendra Bhattacharji 
Chittaranjan Mitra 
Salimuzzaman SiDDigui 
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Council of Scientific & Industrial Research 
Delhi 
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Studies in the 3-phenyl Coumarin 
Series: Part I— Synthesis of Some 
New Members of the Series 

PRITHVI RAJ BHANDARI, JOGENDRA LAL BOSE & 
SALIMUZZAMAN SIDDIQUI 

Chemical Laboratories, C.SJ.R., Delhi 


W HILE 2- and S-phenyl-y-benzo- 
pyrones, namely flavones and isofla- 
vones on the one hand, and simple 
coumarins and furo-coumarins on 
the other, form important groups of natural 
products, the phenyl-a-benzo-pyrones, namely 
3- and 4-phenyl coumarins have not so far 
been found to occur in nature. This is 
particularly striking in reference to 3- 
phenyl coumarins and isoflavones, as in both 
cases the 3-aryl radical is attached to the 
a-carbon atom with respect to the carbonyl 
group of the pyrone ring, and an interchange 
of the position of *-CH= and —CO— with 
the corresponding adjustment of the double 
bond would convert an isoflavone to a 
3-phenyl coumarin, or the latter into the 
former. This is illustrated by the interesting 
work of Baker^ relating to the attempted 
conversion of the isoflavan derivative, an- 
hydro-catechin tetramethyl ether, to a 
tetramethoxy-isoflavone by oxidation, which 
actually resulted in the formation of a tetra- 
methoxy-3-phenyl coumarin. A further il- 
lustration of the same point was given by the 
attempted synthesis of 7-hydroxy isoflavone 
through the condensation of a-formyl-phenyl- 
acetonitrile with resorcinol resulting in the 
formation of 7-hydroxy 3-phenyl coumarin^. 

The work embodied in the present paper 
was started in the first instance to exclude 
the possible 3-phenyl coumarin structure for 
biochanin A, one of the main constituents 
of Bengal gram ( Cicer arietinum Linn.) 
germ®, the constitution of which was later 
established as 4'-methoxy 5, 7-dioxy isofla- 
vone on the basis of degradation experiments*. 


and confirmed by its synthesis by Shriner 
and Hull®, in connection with their work 
on the constitution of prune tin. Studies 
in the synthesis of 3-phenyl coumarins were 
subsequently extended further, in view of 
the lack of any systematic work in the field 
and also in consideration of the fact that 
some members of the series have been found 
to possess high haemostatic activity. 

Since the first synthesis of the parent 
compound of the series, namely 3-phenyl 
coumarin by Oglialoro®, no work was done in 
the field for a long time until Bargellini and 
co-workers^ synthesized a number of 3-phenyl 
coumarins in connection with their work on 
the constitution of some a-benzopyrones, syn- 
thesized by J acobson and Ghosh® and presumed 
by them to be y-benzo-pyrones. Later Bar- 
gellini, by the synthesis of 4', 5, 7-trioxy and 
trimethoxy 3-phenyl coumarins, which proved 
to be different from prunetol, the demethyl- 
ated product of prunetin and methyl prune- 
tinrespectively, excluded the possible 3-phenyl 
coumarin constitution for prunetin, the 
isoflavone constitution for which was subse- 
quently established by a synthesis of prune- 
tol ( genistein ) by Baker and Robinson®. 

Meerwein and co-workers^® have also 
recently synthesized a few 3-phenyl couma- 
rins in the course of their studies on the 
reaction of aromatic diazo compounds with 
a-p -unsaturated carbonyl compounds. 

Out of the three general reactions available 
for the synthesis of 3-phenyl coumarins, 
namely (1) Perkin’s reaction ; (2) Knoevena- 
gel’s reaction ; and (3)v the reaction of aro- 
matic diazo compounds with coumarin, the 
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first was found in the present studies to be 
most suitable for the synthesis of oxy-3- 
phenyl coumarins. In this method the 
oxy-coumarins are initially obtained as 
acetoxy derivatives, and the method of 
deacetylation had, therefore, to be carefully 
chosen for ensuring good yields. In this con- 
nection deacetylation with concentrated sul- 
phuric acid at 0°C. was found to be better than 
either deacetylation with dilute sulphuric 
acid at higher temperatures or with alkali. 

All the hydroxy and methoxy-3-phenyl 
coumarins synthesized in the course of the 
present work were found to exhibit strong 
fiuoresQence even in high dilutions in various 
solvents as well as in alkali and concentrated 
sulphuric acid. The fluorescence data of the 
coumarins along with their melting points 
are given in Table I. 

Experimental 

V-Acetoxy-'i-phenyl cout^arin — A mixture 
of salicylaldehyde (0*3 gm ), sodium salt of 
^-hydroxyphenylacetic acid ( 0*5 gm.) and 
acetic anhydride ( 6 c.c.) was refluxed in an 
oil bath for 25 hr. at 1 S0®-1 60°C. After cooling 
to the room temperature, the reaction mixture 
was poured in an excess of cold water and 
left overnight. The crude product ( 0*35 gm.) 
was collected and repeatedly crystallized 
from dilute alcohol ( charcoal ) when it was 
finally obtained in colourless prismatic Tods, 
m.p. 183®C. It is soluble in alcohol, metha- 
nol, acetone, ether, ethyl acetate, chloroform 
and benzene and very sparingly soluble in 
petroleum ether. 

Found : C, 73*2 ; H 4*6 ; required for 
Ci 7 Hia 04 : C, 72*9 ; H, 4-3 per cent. 

A'-Oxy-Z-phenyl coumarin — 4'-Acetoxy-3- 
phenyl coumarin ( 0*2 gm.) was taken in 
a small flask and cooled in ice. Cold 


concentrated sulphuric acid ( 0’5 c.c.) was 
added to it, drop by drop, mixing the acid 
with the solid coumarin thoroughly after the 
addition of each drop when a dark, homo- 
geneous, viscous mass was obtained. After 
keeping for 10 min., crushed ice was 
added to the reaction mixture and the 
separated coumarin was filtered and tho- 
roughly washed with water. The crude pro- 
duct ( 0 T 6 gm.) was crystallized a number of 
times from alcohol ( charcoal ) when finally 
the pure coumarin was obtained in colour- 
less prismatic rods, m.p., 202®C. It is solu- 
ble in alcohol, methanol, acetone, ether, ethyl 
acetate and chloroform, sparingly soluble in 
benzene and insoluble in petroleum ether. 

Found : C, 75*7 ; H, 4*2 ; required for 
C 15 H 10 O 3 : C, 75*6 ; H, 4*2 per cent. 

On methylation with methyl iodide in 
acetone solution in presence of freshly desic- 
cated potassium carbonate, it yields ;^-meth- 
oxy- 3 -phenyl coumarin, m.p., 143®-144°G. 
There was no depression in the melting point 
on admixture with a sample of 4'-methoxy- 
3-phenyl coumarin prepared from salicylalde- 
hyde and sodium homoanisate. 

VP-Diaceioxy-Z-phenyl coumarin — A mix- 
ture of resorcylaldehyde ( 0*5 gm.), sodium 
salt of ^-hydroxy phenyl acetic acid ( 0*72 
gm.) and acetic anhydride ( 10 c.c.) was 
refluxed for 30 hr. at 170°-180X. On 
working up in the usual manner, 0*5 gm. of 
the crude product was obtained. It was 
crystallized a number of times from acetone- 
methanol mixture and was finally obtained 
in small colourless needles, m.p., 213'"-214X. 
It is soluble in mfethanol, alcphol, acetone, 
ether, ethyl acetate, chloroform and benzene, 
and insoluble in petroleum ether. 

Found : C, 67*2 ; H, 4*2 ; required for 
Ci 9 Hi 40 g : C, 67*4 ; H ; 4*1 per cent. 


TABLE I ~ FLUORESCENCE CHARACTERISTICS OP THE VARIOUS COUMARINS 


No. 

Coumarin 

M.P. 

Acetone 

Alcohol 

Ether 

Concentrated 

6% Potas- 







SULPHURIC 

sium 







ACID 

HYDROXIDE 








( AQUEOUS ) 

1, 

4'-acetoxy-3‘phenyl coumarin 

183 

Nil 

Nil 

Nil 

Yellow 

Yellow 

2. 

4'>oxy-3-phenyl coumarin 

202 

Blue with 

Bluish violet 

Bluish violet 

Pale yellow 

Yellow 



violet tinge 




3. 

4', 7-diacetoxy-3-phenyl 

213-214 

Very iaint 

Faint violet 

Very faint 

Yellow 

Yellow 


coumarin 


bluish violet 


violet 



4. 

4^ 7*dioxy-3-phenyl coumarin 

820-321 

Bluish violet 

Greenish 

Violet 

Yellow 

Greenish 

5. 

4', 7-dimethoxy-8*phenyl 

182 

Violet 

yellow 

Violet 

Violet 

Yellow 

yellow 

Yellow 


coumarin 







6 . 

4'“mcthoxy-7*acetoxy-3*phenyl 

178 

Bluish violet 

Bluish violet 

Bluish violet 

Yellowish 

Greenish 


coumarin 





green 

yellow 

7. 

4'-mothoxy-7*oxy-8-phenyl 

282 

Bluish violet 

Bluish violet 

Bluish violet 

Yellow 

Greenish 


coumarin 






yellow 

Yellow 

8. 

4'-methoJty-5, 7-diacetoxy-8* 

182 

Bluish violet 

Blue 

Blue 

Pale yellow 


phenyl coumarin 







0. 

4Vmethoxy*5, 7'dioxy-S-phenyl 

280-282 

Bluish violet 

Blue 

Bluish violet ^ 

Deep yellow 

Yellow 


coumarin 
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4',7-Z)to^y- 3 - phenyl coumarin — 4', 7 - Di- 
acetoxy-3-phenyl coumarin ( 0*2 gm.) was 
deacetylated with concentrated sulphuric 
acid ( 0-5 c.c.) at 0°C. On working up in the 
usual manner, 0-15 gm. of the crude product 
was obtained. It was crystallized from 
alcohol ( charcoal ) and then a number of 
times from methanol-acetone mixture and 
was finally obtained in aggregates of colour- 
less needles, m.p., 320°-321°C. { with decom- 
position ). It is soluble in methanol, alcohol, 
acetone, ether and ethyl acetate and insoluble 
in chloroform, benzene and petroleum ether. 

Found : C, 70-5 ; H, 4*1 ; required for 
C16H10O4 : C, 70*9; H, 3*9 per cent. 

\\l-Dimeihoxy-Z-phenyl coumarin — 4',7- 
dioxy-3-phenyl coumarin ( 0*1 gm.) was 
dissolved in dry acetone ( 10 c.c.) and freshly 
desiccated potassium carbonate ( 0-2 gm.) 
was added to it followed by methyl iodide 
( 0-5 C.C.). The mixture was refluxed at 60X. 
for 4 hr. and was left overnight at the room 
temperature. The solvent was removed 
in vacuo, and the residue was washed with 
water and crystallized from alcohol (charcoal) 
when the methoxy coumarin was obtained 
in colourless needles, m.p., 182X. ; yield, 
0*06 gm. It is soluble in alcohol, methanol, 
acetone, ether, ethyl acetate, chloroform 
and benzene and very sparingly soluble in 
petroleum ether. 

Found: C, 72*1; H, 4-7; OCH3, 21*3; 
required for : C, 72-3; H, 4-9; 

OCH3, 21*9 per cent. 

A' -M ethoxy-1 -acetoxy-Z-phenyl coumarin — 
A mixture of resorcylaldehyde ( 0*35 gm.), 
sodium homoanisate ( 0-5 gm.) and acetic 
anhydride ( 5 c.c.) was refluxed for 20 hr. 
at 160'’-170°C. in an oil bath and the reaction 
product was poured into water and left 
overnight. The crude crystalline product 
was collected and repeatedly crystallized 
from acetone when the pure coumarin was 
finally obtained in aggregates of colourless 
needles, m.p. 178X., yield, 0-3 gm. It is 
soluble in alcohol, methanol, acetone, ether, 
ethyl acetate, choloroform and benzene 
and insoluble in petroleum ether. 

Found : C, 69*6 ; H, 4*7 ; required for 
C18H14O5 : C, 69*7 ; H, 4*5 per cent. 

A' -M ethoxy - 7 - oxy - 3 - phenyl coumarin — 
4'-Methoxy-7-acetoxy-3-phenyl coumarin 
(0*2 gm.) was deacetylated with concentrated 
sulphuric acid ( 0*5 c.c.) at 0®C. After 
keeping at the room temperature ( 24°C.) for 
5 min., crushed ice was added to the 
solution when the deacetylated coumarin 
separated out. On repeated crystallizations 


from methanol, it was finally obtained in 
colourless needles, m.p., 232X. ; yield, 0*15 
gm. It is soluble in alcohol, methanol, 
acetone, ether and ethyl acetate, sparingly 
soluble in choloroform and insoluble in 
benzene and petroleum ether. 

Found: C, 71*5; H, 4*5; OCH3, 11*0; 
required for CieHi204 : C, 71*6; H, 4*5; 
OCH3, 11*6 per cent. 

On methylation of the coumarin with 
methyl iodide in the usual manner, a pro- 
duct identical with 4', 7-dime thoxy- 3 -phenyl 
coumarin, m.p., 182X., was obtained. 

A' -Methoxy -5,7-diacetoxy-3-pheny<a couma- 
rin — A mixture of phloroglucinol aldehyde 
( 0*5 gm.), sodium homoanisate ( 0*75 gm.) 
and acetic anhydride (10 c.c.) was refluxed 
at 160°-170°C. for 30 hr. After cooling, water 
was added to the reaction mixture and 
left overnight. The solid which separated 
out was crystallized from alcohol ( charcoal ) 
and then from slightly diluted acetone 
when the coumarin was finally obtained in 
colourless silky needles, m.p., 182°C. ; yield, 
0*43 gm. It is soluble in alcohol, methanol, 
acetone, ethyl acetate, benzene, ether and 
petroleum ether and sparingly soluble in 
chloroform. 

Found : C, 64*9 ; H, 4*4 ; required for 
C20H13O7 : C, 65*2 ; H, 4*3 per cent. 

A' -Methoxy-S ,1 -dioxy-Z-phenyl coumarin — 
4'-methoxy-5,7-diacetoxy-3-phenyl coumarin 
( 0*1 gm.) was deacetylated with con- 
centrated sulphuric acid at OX. The de- 
acetylated coumarin crystallized from metha- 
nol-acetone mixture in small pale-yellow 
needles, m.p., 280°-282°C., yield, 0*07 gm. It 
is soluble in alcohol, methanol, acetone, 
ether and ethyl acetate, sparingly soluble 
in chloroform and benzene and insoluble 
in petroleum ether. 

Found: C, 67*2; H, 4*1; OCH3, 10*6; 
required for C16H12O5 : C, 67*6 ; H, 4*2 ; 
OCH3, 10*9 per cent. 

On methylation of 4'-methoxy-5,7-dioxy 
3-phenyl coumarin with methyl iodide 4', 5, 7 
trimethoxy 3-phenyl coumarin crystallizing 
from alcohol in small colourless needles was 
obtained. It melted at 162°-163X., as 
against 163°-165X., recorded in the litera- 
ture. 

The phenolic aldehydes required for the 
synthesis were prepared by Karrer’s me- 
thod^^, namely by the action of cyanogen 
bromide on phenols, and homoanisic acid 
and ^-hydroxy phenylacetic acid by hy- 
drolysing the corresponding derivatives of 
phenylacetonitriles. 
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Ultrasonic Absorption in Unassociated Liquids 

R. N. GHOSH & GURDEVA SHARAN VERMA ' 

Physics Department, Allahabad University, Allahabad 


T he absorption in the case of poly- 
atomic gases can be attributed to 
the excitation of vibrational levels 
of the molecules by ultrasonic waves, 
to the lag between the excited molecules 
returning to their normal levels and to the 
time period of vibration of ultrasonic waves, 
known as the relaxational phenomenon. 
In 1938 Kneser^ explained the phenomenon 
of absorption in the case of liquids by 
assuming the same mechanism ; that is, 
he assumed that in the case of liquids also 
the vibrational levels are excited. The 
vibrational contribution at any particular 
temperature is calculated from spectros- 
copic data, viz, the frequencies of the most 
intense Raman lines and infra-red bands. 
It is an observed fact that the intensity of 
Raman lines decreases when the tem- 
perature is raised^. It follows, therefore, 
that with the rise of temperature the number 
of excited molecules increases and these 
molecules, when exposed to ultrasonic waves, 
will not be in a favourable condition to take 
up energy from the incident waves, i.e. 
the absorption coefficient will decrease. 
This leads to a negative temperature co- 
efficient of absorption which is not verified 
by experiment. 

The authors are of the opinion that the 
mechanism of absorption in the case of 
liquids is not entirely due to vibration of 
atoms, but that the structural changes in 
the quasi-crystalline state of liquids play 
an important part in the absorption of 
ultrasonic waves, and suggest that the 
phenomenon of absorption and viscosity 


are related and that both can be described 
in terms of hole theory " of liquid state 
formulated by Furth^ and FrankeF and 
developed by Auluck and Kothari®. Brief- 
ly, the conception of the liquid state may be 
described in the following manner. 

The simplest model suggested by Furth 
is that the liquids also, like crystals, have 
short-distance order arrangement and geo- 
metrical regularity. In this lattice arrange- 
ment there are certein sites which are 
unoccupied by molecules. These unoccupied 
places are filled by molecules from outside. 
Similarly, in the lattice arrangement a 
molecule jumps out and causes a vacancy. 
At a given temperature a statistical equili- 
brium is maintained. These unoccupied 
places or sites have been given the name 
“ holes Increase of temperature results 
in the destruction of holes and the geo- 
metrical structure and at the boiling point 
the structure of the holes is completely 
deranged. Hence it follows that the quasi- 
crystalline liquid structure must be endowed 
with a certain amount of energy when the 
holes are present. The energy can be 
calculated if the geometrical structure is 
known, otherwise we have to calculate it 
from other data. For instance, the energy 
at any temperature can be calculated from 
the rate of evaporation : 



RT 


where a is the number of molecules es- 
caping from the surface of the body per 
unit time and under unit surface into the 
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empty space, S the number of molecules 
per unit volume, m the mass of the mole- 
cules, k the Boltzman constant, T the abso- 
lute temperature and A the work function 
required to remove N molecules from the 
interior of the body to infinite distance. 

In the case of ultrasonic waves, it is 
suggested that the statistical equilibrium 
at a particular temperature is disturbed 
and the number of holes increase. The 
required energy to increase the number of 
holes is taken from the incident sound 
waves (AT ^ 11°C. for a sound intensity 
10 W/cm 2 at 1 Me.). 

If during the cycle the sound wave com- 
pletes one period, the holes return to their 
equilibrium value and no absorption will 
result. If, on the other hand, there is a lag, 
then the energy taken away by the holes 
will not be given back to the sound waves 
and this will amount to lo s of energy from 
the sound waves. 

Having in mind the structure of a liquid 
described above, we have to calculate the 
values of the work function of the holes 
in the geometrical configuration which we 
have postulated. The phenomenon of visco- 
sity of liquids is explained on the basis 
cf the quasi-crystalline structure of the 
liquid state and the thermal motion of 
particles with transfererice of momentum 
on collision. This represents the hole 
theory of viscosity. Writing A to represent 
the work function for the holes per gram 
molecule of liquid, the viscosity is given by 

'■jn a 

r,=B~. ^ (1) 

where rj is the viscosity coefficient, T and 
the absolute temperatures ( Tf„ melting 
temperatuie ) and 

B_09.45f^v'= 

ym a 

where a is the surface tension and R the 
gas constant. 

If, therefore, rj and 17 ' are the viilucs of 
viscosity at two different temperatures T 
and T 

rp pf pf 

A =R^f~ p log (2) 

for a gram molecule of liquid. We assume 
the same type of structure in the liquid 
state under normal condition, and conse- 
quently the same work function in deter- 
mining the increase in the number of holes 
when sound waves are incident upon the 


liquid. It is apparent that if the sound 
waves do not possess the requisite amount 
of energy, no increase in the number of holes 
will result. While, if the frequency of the 
sound wave is large, the same result will 
again follow. 

Table I gives the value of A for various 
liquids from the viscosity data as cal- 
culated from formula ( 3 ). Viscosities 
at various temperatures have been taken 
from International Critical Tables^ and 
Physical & Chemical Constants by Kaye and 
Laby"^. 

Table II shows the values of the inter- 
nal structural specific heat Ci as calculated 
from the formula 


RT 

\RTj 

where A and R are as usual work function 
and gas constant respectively. 

In applying the reaction rate theory, we 
assume that the excited condition is re- 
presented by the creation of holes in the 
liquid ; Bauer's formula® ( equation 14 ) 
leads to the result 

C^ 1 

where d is the absorption coefficient, N is 
the frequency of sound waves is the 
velocity of sound when ultrasonic absorption 
takes place and the same without ab- 
sorption, Y the ratio of specific heats, 
Cp specific heat at constant pressure, Ci the 


TABLE I 


Liquid 

A 

cal. /mole 

Carbon tetrachloride 

3330 

Benzene 

3148 

Chlorobenzene 

2771 

Chloroform 

2291 

Acetone 

2250 

Toluene 

2207 

Ethyl bromide 

1812 

Carbon disulphide 

1802 


TABLE II 


Liquid 

cal. cieg.'^ mole' 


Carbon disulphide 0-8937 

Benzene 0-2769 

Carbon tetrachloride 0 - 2297 

Chloroform 0 - 6446 

Chlorobenzene 0 4295 

Toluene 0-9181 

Acetone 0 - 6486 

Ethyl bromide 0-8640 

Acetic acid 0 - 2423 
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internal structural specific heat and Nm 
the dispersion frequency. 

The maximum absorption per wave- 

length at N Nm is given by 

Y' Y — 1 

2(x«=7rl- C, (4) 

where Y' is the ratio of specific heats when 
ultrasonic absorption takes place and Y 
the same without absorption. 

The dispersion frequencies have been 

calculated from the relation 

iv, (5) 

The dispersion frequencies have been 

determined for different liquids by substi- 
tuting the experimental values of 

These results have been recorded in Table III. 
The values of absorption and the sound 
velocity c as shown in columns 2 and 3 of 
Table III have been taken from Bauer's 
paper® ( Table I ) and that of acetic acid 
from Bazulin® and Pinkerton^®. It is to be 
noted that a very small change in the 
values of viscosity at a particular tempera- 
ture has a large effect upon the specific 



TABLE 111 



Liquid 

sei^.* cm. * 

cxl0‘ 
cm. /sec. 


(Mc.) 

Carbon disulphide 

10,800 

114 

0-2789 

23 

Benzene 

830 

131 

0-0979 

90 

Carbon tetra- 
chloride 

613 

0-91 

0-0362 

140 

Chloroform 

380 

0-987 

0-1806 

480 

Chlorobenzene 

123 

1-302 

0 1640 

963 

Toluene 

84 

1-31 

0-2278 

2070 

Acetone 

60 

1-17 

0-2301 

3278 

Ethyl bromide 

56 

0-932 

0-2608 

6067 

Acetic acid 

12,000 

1-2 

0-0701 

4-87 


INDUSTRIAL RESEARCH [ Vol. VIIIB, No. 11 

heat Ci and consequently upon the maximum 
absorption frequency. 

The experimentally determined value of 
maximum dispersion frequency in the case of 
acetic acid is 2-5 Me. while the hole theory 
gives 4'87 Mc; If we assume that there 
are vibrational levels in addition, the re- 
quisite value of C* comes out to be 0*246 
cal. deg"^ mole"^ and A is 7211 cal./mole. 
Subtracting from this the hole energy 
3291 cal./mole, we get 3920 cal./mole — the 
additional vibrational energy corresponding 
to the frequency 1382 cm."^ This corres- 
ponds to frequency 1381 ± 5 cm."^ for mono- 
mer acetic acid^^. 

It seems, therefore, that the energy 
levels of hole may have quantized values 
as suggested by Auluck and Kothari in 
their paper® “ that the discrete energy 
levels of a hole may reveal their presence 
in the ultrasonic phenomenon. 
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Evaluation of Red Lead Pigments: 
Part III — Autocatalysis in Paint Sedimentation 


A. JOGARAO 

Electro-chemical Research Institute, C.S.I.R,, Karaikudi 


T he object of this paper is to report 
an interesting case of autocatalytic 
behaviour exhibited by a sample of 
superfine ** red lead paint during 
sedimentation. Sedimentation studies with 
a view to determine the particle-size distri- 
butions in red lead pigments were already 
reported by the author in an earlier paper^. 
Numerous samples of ordinary ‘‘ non- 
setting ”, ” high-disperse ” and ” superfine ” 
samples of red lead were examined in the 
course of those investigations, both in the 
presence and also in the absence of an added 
dispersing agent such as aluminium stearate. 
A typical sedimentation curve and the 
size-distribution diagram deduced from the 
above by the graphical method of Svedberg 


are shown in Figs, la and lb. All the 
samples behaved in the normal way in respect 
of the sedimentation velocity. Ti e '' super- 
fine ” red lead sample, however, wnen made 
into a paint paste with 0*75 per cent of 
aluminium stearate in the usual mixture of 
raw and double-boiled linseed oils and dis- 
persed in white spirit for the purpose of 
determining the rate of sedimentation, was 
found to give a curve which was distinctly 
S-shaped and which called for an explanation. 

The autocatalytic behaviour disappeared 
when the paint dispersion was thoroughly 
shaken in the same sedimentation tube after 
24 hr. and the experiment repeated. 
Figs. 2, 3 and 4 show the sedimentation 
curves for ” superfine ” red lead paint in the 



TIME IM MINUTES 

Fig. la — Sedimentation curve, typical of the numerous samples of red lead. 
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STOKES RADIUS IN MICRONS. 


Fig. lb — Curve I : Size-distribution diagram, deduced from above. Curve II : Size distribu- 
tion DIAGRAM FOR THE SAME PAINT, BUT WITH ALUMINIUM STEARATE AS A DISPERSING AGENT. 

♦ 


absence of aluminium stearate, in the pre- 
sence of aluminium stearate and in the 
presence of the same when the experiment 
was repeated after 24 hr. in the same 
tube, respectively. The amount of alu- 
minium stearate used was 0*75 per cent of 
the weight of the pigment. 

The experiments were repeated in order 
to make sure that the autocatalysis was 
genuine and did not arise due to any flaw 
in the experimental procedure adopted, and 
the results were confirmed. None of the 
other samples so far examined exhibited 
this type of behaviour. The appearance of 
autocatalysis (Fig. 3 ) and its disappearance 
when the same system was examined after 
24 hr. was somewhat curious. In order to 
track down the cause of such a behaviour, 
further experiments were carried out using 
fresh quantities of the same sample of red 
lead and repeating the experiment on the 
same system in the same sedimentation tube 
by shaking it vigorously at stated intervals 
of time before determining the rates of sedi- 
mehtatipn. This gave interesting results 
which made it possible to offer a fairly satis- 
factory explanation regarding the causes 


for the autocatalysis and the latter's signi- 
ficance. 

Experimental Results 

The apparatus used, the general experi- 
mental procedure and the method of calcula- 
tion of the rates of sedimentation and the 
particle-size distribution diagrams were 
described in an earlier paper^. The sedi- 
mentation curve shown in Fig. 1 is typical 
of those obtained for numerous samples of 
red lead pigment of different qualities and 
description either when used as such ot after 
incorporation of a small percentage of alu- 
minium stearate. The superfine " sample 
itself, without aluminium stearate, gave the 
same type of curve that is normally obtained, 
as can be seen from Fig. 2. It was the 
incorporation of 0*75 per cent of aluminium 
stearate, along with the “ superfine " red 
lead while making the paint, that changed 
the character of the sedimentation, as will 
be seen from the distinctly S shape of the 
curves in the initial stages of sedimentation 
{ Fig. 3 ). When observations were taken 
on the same paint system after a lapse of 
24 hr. by shaking the tube for thorough 
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Fig. 2 — ’Sedimentation curve for super- 
fine ” RED LEAD MADE INTO PAINT WITHOUT 
ALUMINIUM STEARATE. 



Fig. 3 — Sedimentation curve for the same 
SAMPLE WITH 0*75 PER CENT ALUMINIUM STEARATE. 


re-dispersion and noting the rates of fall, the 
autocatalytic behaviour disappeared altoge- 
ther as will be seen from the sedimentation 
curve shown in Fig. 4. Similar experiments 
were repeated, starting with fresh samples 
of superfine pigment made into paint 
with the usual mixture of raw and double- 
boiled linseed oil and 0*75 per cent aluminium 
stearate, and dispersing in white spirit. The 
only important difference was that after the 
formation of the paint and dispersing in 
white spirit, instead of setting the systems 
aside for 24 hr. before taking the observa- 
tions, they were set aside for stated intervals 
of time, viz. 20 min., 1 hr., 6 hr., and 47 hr., 
and the rates of sedimentation were deter- 
mined. These sedimentation curves, espe- 


cially for the initial stages of settling, are 
shown in Fig. 5. It will be seen from the 
curves that the autocatalytic behaviour 
which characterizes this system tends to 
disappear gradually, as more and more time 
is allowed to elapse after the first formation 
of the paint. The sedimentation curve for 
the 6 hr. interval system actually shows 
only a slight inflexion. The sedimentation 
curves for the same system, determined 
after 24 hr. and 30 hr., showed the normal 
behaviour without disclosing autocatalysis 
or other novel feature. When the observa- 
tions were made after a still loi-ger time- 
interval, namely 47 hr., the rate of sedi- 
mentation again failed to conform to the 
normal type, and indicated the existence of 



Fig. 4 — Sedimentation curve for the same 
SYSTEM AS IN FiG. 3, BUT 24 HR. AFTER THE PRE- 
PARATION OF THE PAINT. 
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Fig. 5 — Sedimentation curves for the same 
SYSTEM AS IN FiG. 3. BUT AFTER THE PREPARATION 
OF THE PAINT : (1) 20 MIN. ; (2) 1 HR. ; (3) 6 HR. • 
(4) 47 HR. 
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Fig. 6 — Shows coagulation velocity curves 
OF AljOj sol by KCl solution. 

certain complicating factors arising from 
the precipitation of gels of lead soap, which 
could be distinctly noticed as thin flakes 
floating in the supernatant white spirit 
and almost forming a layer on the surface 
of the sedimented particles of red lead. In 
this connection it may be recalled that in the 
preparation of double-boiled linseed oil, 
sulphates, borates, oxides and other salts of 
lead, manganese, cobalt, cerium, etc. (driers), 
are added to the oil before heating. These 
bases form soaps by reaction with the fatty 
acids of the oil. These soaps, especially of 
lead, get separated out as gels either on 
standing or on dilution with thinners such as 
white spirit or turpentine. The disturbing 
effect of the flakes of gel on the normal 
course of sedimentation of the pigment 
particles so as to make it deviate from 
Stokes' law is, therefore, quite obvious and 
explains the type of curve obtained in the 
case of the system set aside for 47 hr., 
referred to above. 

Discussion 

The curious nature of the sedimentation 
curves described above, which characterizes 
only the superfine " red lead sample, seems 
difficult of explanation. The extreme fine- 
ness of, the particle-size of this pigment, on 
careful consideration, appears to provide 
the necessary clue to a proper understanding 
of all the observed facts. 

It is well-known that autocatalysis is a 
common feature in the “ slow " coagulation 
of colloids. With increasing concentration 
of the coagulaj^|l||ll|lectrolyte and the conse- 
quent change " coagulation, the 

autocatalysis als# ^ gradually vanishes. 
Freund4ch mentions a number of Examples 
of autocataly^ic behaviour, viz. the coagula- 
tion of alumini^ oxide sol by potassium 


chloride solution, the sedimentation of kaolin * 
and barium sulphate suspensions, etc.^ Figs. 6 
and 7 ( reproduced from Freundlich ) clearly 
show the effects of increasing the concentra- 
tion of the coagulating electrolyte on the co- 
agulation velocity of aluminium oxide sol and 
on the rate of sedimentation of barium sul- 
phate. At low concentrations of the coagula- 
tor, the curves are distinctly autocatalytic, 
but as the concentration is gradually increas- 
ed, the initial S shape of the curves also 
likewise tends to vanish and when the 
coagulator-concentration is made sufficiently 
high, the curves tend to assume a straight- 
line shape. It is explained that in such cases 
the original primary particles form coarser 
flakes or aggregates under the ihfluence of 
the coagulator, and that they settle more 
quickly only when the time up to their 
formation, namely the " aggregation time " 
of Oden, has elapsed. 

The foregoing examples indicate that in 
dealing with paint systems of the type 
provided by “ superfine " red lead, one is 
confronted with “ colloid phenomena ", the 
significance of which, in so far as it concerns 
the field of practical applications, needs 
careful elucidation, since it is not unlikely 
that it may lead to conclusions of far-reaching 
importance not easily apparent or under- 
standable when considered in the orthodox 
manner of treatment. 

In a previous paper^ ( Part II of the 
Evaluation of Red Lead Pigments), the 
author has drawn attention to the fact that 
the " standard specifications " are generally 
deficient in respect of the prescribed particle- 
size characteristics, and that one is liable to 
over-estimate the usefulness of a paint if he 
bases his judgement on the particle-size 
properties stated in the specifications. The 



Fig. 7 — Shows sedimentation velocities of 
B aS04 SUSPENSION AT different concentrations 

OF AMM. NITRATE. 
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defect of the standard specifications seems 
to lie in the rough upper limit which alone 
is usually stated, without mentioning any- 
thing about the lower limits of the particle 
size. It is stated, for example, that not 
more than 1 per cent of the pigment should 
constitute particles retained on a 325-mesh 
sieve (44 fx ). This specification merely 
helps in ensuring that the pigment does not 
contain coarse particles of dirt, grit or other 
foreign matter. As will be seen from the 
particle-size data presented by the author^’^, 
none of the 15 samples examined indicates 
the presence of particles approaching 44 
microns diameter and almost all of them 
are confined to the region below 14-16 microns 
diameter. While the conditions laid down 
in the specifications appear to be fulfilled in 
the case of all these pigments, it must be 
noted that the different samples possess 
properties widely varying in their practical 
usefulness such as covering power, non- 
setting nature, protecting power against 
corrosion, etc. 

The importance and need for specifying a 
lower limit too becomes obvious from the 
significant behaviour shown by the “ super- 
fine ” sample. Of all the samples, this one 
appears to be almost the best in respect of 
particle fineness, peak size, specific surface, 
dry bulk, oil-absorption, density, etc. 
One is, therefore, apt to consider this to be 
the most suitable and satisfactory pigment. 
In fact there is an almost universal over- 
emphasis on the particle-fineness desired, 
with the result that it is considered by most 
people that the finer the pigment, the more 
it is to be preferred. Actual exposure tests, 
on the contrary, have shown that this argu- 
ment is only of limited validity. Appearance 
of rust on test panels painted with “ super- 
fine " red lead occurred much earlier than in 
the case of panels painted with a compara- 
tively coarse pigment. Thin layers of small 
pigment particles are more readily affected 
by light than tinctorially equivalent layers 
of large particles®. For this reason alone, 
there appears to be adequate justification for 
fixing or specifying the '' lower limit of 
particle size. 

A second consideration of far-reaching 
significance arises from the observations 
of autocatalysis recorded in this paper. 
Normally, the use of dispersing agents of the 
type of aluminium stearate may be advocated 
to counteract the “ setting tendency of 
paints to procure certain obvious advan- 
tages in the preparation and storage of the 


so-called “ non-setting ” red lead paints. 
When this procedure is adopted in the case 
of the “ superfine ” type of samples, the 
effect will be to transform the paint into a 
near colloidal ” or actual colloidal system 
with all its logical consequences. 

Ordinarily, the dispersion stability of 
these systems can be gauged from determina- 
tions of rates of sedimentation, under condi- 
tions of extreme dilution, by an inert solvent 
such as white spirit. In the case of paints 
comprising of near-colloidal systems, the 
inert diluent is no longer inert, but arts as a 
coagulator causing flocculation or aggrega- 
tion. This is shown by the autocatalytic 
type of sedimentation curves obtained in 
“ superfine ” red lead plus aluminium stea- 
rate system. When the experimental method 
adopted, which is supposed to be valid only 
for systems consisting of particles freely 
falling in an infinite, inert medium in accord- 
ance to Stokes’ law, is thus vitiated by 
flocculation or aggregate formation, it be- 
comes difiicult to draw quantitative conclu- 
sions as regards the particle-size charac- 
teristics. 

Secondly, in the practical field as well, the 
presence of colloidal systems, easily liable 
to flocculation under actual conditions of 
application of the paints, very much detracts 
from the usefulness of the paint under ques- 
tion, as far as rust-prevention, hiding power, 
etc., are concerned. The “ superfine ” red 
lead paint, when slightly thinned and applied 
on the surface which it is desired to protect, 
will “ coagulate ” in the same manner as 
happens when it is suddenly diluted with 
white spirit and shaken in the sedimentation 
tube ( as described in this paper ) . This will 
lead to segregation of the pigment particles in 
streaks or spots or in other irregular manner, 
causing a number of lacunae, devoid of the 
pigment layer, to appear on the painted 
surface. These “ open ” unprotected spaces 
will be the first to be attacked by agencies 
causing corrosion. 

It will be seen from what has been stated 
above that the quality ” of pigments cannot 
be increased indefinitely by increasing the 
“ fineness ” of particles by continued or 
improved techniques of grinding or other 
means. Incidentally, the results laid down 
in this paper lend weight to the author's 
supposition stated in previous papers that 
** superfine ” red lead is nothing but “ orange 
lead ” or “ orange mineral ” of very fine 
particle size, no doubt, but also, at the same 
time, of doubtful usefulness. The possibility 
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and the easy scope for the formation of these 
paints into ncar-colloidal systems will be 
easily understood if it is remembered that 
“ orange mineral is made not from massicot 
but from white lead " tailings which form 
as a froth in the grinding and levigating 
operations, and is, hence, of an extremely 
soft, light and fine texture. 
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Evaluation of Red Lead Pigments : 
Part IV — Improvement of 
Dispersion Stability of the Paints 

A. JOGARAO 

Electro-chemical Research Institute, C.S.I.R., Karaikudi 


A n assessment of the hard-setting 
tendency of red lead paints can be 
made normally by tests conducted 
in the storage container after dif- 
ferent periods of storage. But this proce- 
dure involves long waiting before an opinion 
can be pronounced on the samples under 
test. It was pointed out in the previous 
papers^ how the setting quality of a paint 
can be estimated by an examination of the 
dispersion stability. Measurement of the 
latter could be done by determining the 
rates of sedimentation of the paint particles 
under conditions aggravating the floc- 
culation tendency brought about by extreme 
dilution with an inert solvent, namely white 
spirit in this case. The resistance of the 
pigment particles to sedimentation under 
these conditions gives an idea of the dis- 
persion stability. Advantage was taken 
of this procedure in setting studies of 
numerous samples of red lead. A similar 
procedure was reported to have been adopted 
at the Paint Research Station, Teddington, 
in the evaluation of other pigments. The 
hypothetical particle-size distribution having 
the same rate of sedimentation as the pig- 
ment particles settling down under conditions 
of extreme dilui^ili^ as in the case of these 
experiments, woiiltf "give a very useful picture 
of the pigment quality. In e: 5 cperiments pre- 
viously reported ( loc. cit.), the particle-size 
distributions in different types of red lead, 


both as such and also when the paint was 
sought to be improved by the incorporation 
of a small percentage of aluminium stearate 
as a dispersion agent, indicated the great im- 
provement conferred by aluminium stearate 
in respect of the natural setting tendency. 

In this paper are reported the results of 
further studies involving the use of certain 
other dispersing agents. Protection of pig- 
ment particles, it has been pointed out, may 
arise either by the formation of an adherent 
envelope of long-chain polar molecules or 
by a cohesive envelope such as that pro- 
duced by polymerized oils, not strongly 
polar in character and consequently not 
present as an absorbed layer on the pigment 
surface, but as a sort of coherent skin 
around the particles in the same manner as 
colloidal sols of gold are stabilized by 
gelatine and other protective agents. It 
will be seen that a careful examination of 
the size-distribution diagrams gives some 
insight into the mechanism of the anti- 
setting property conferred by different 
dispersing agents. 

Experimental Results 

All the experiments were conducted on 
the same sample of fairly satisfactory red 
lead pigment purchased from the market. 
In each experiment, 10 gm. of the pigment 
were formed into stiff paint with 3 c.c. of 
a mixture of raw and double-boiled linseed oil 
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(1:2 by volume ), except where stated 
otherwise. The duration of mixing and the 
detailed procedure adopted in forming these 
paints were maintained the same throughout. 
The paint so formed was thinned to a volume 
of 300 c.c. using white spirit in the sedi- 
mentation tube ( modified Kelly’s tube ) 
and the rates of sedimentation were deter- 
mined by observing the fall of the meniscus 
in the manometric limb by means of a 
cathetometer. Calculation of the particle- 
size distributions was made by the graphical 
method employed by Svedberg. 

The results obtained are shown in Figs. 
1 to 10. The description of the paint system 
in the case of each experiment, the peak 
radius, the* size range and the type of size 
distribution are indicated in Table I. There 
are different ways of expressing the particle 
size of heterogeneous or polydisperse mate- 


rials by a single figure. The usual types of 
diameters referred to by statisticians are 
the mean particle diameter, d^ or d„ie, the 
median particle diameter, d^ed, tb® Modal 
particle diameter, dm, the length average, the 
mean volume-surface diameter, the weight 
mean diameter, the mean surface diameter, 
the mean volume diameter, etc. Of these, 
the most frequently used averages are the 
first three only. The first one, namely dme. 
as its name implies, is only the arithmetical 
average diameter given by the expression 

_ 2nd 

" 2n 

The second, dmed, represents the diameter 
of a particle so chosen that the number of 
particles of larger diameter is the same as 
those of smaller diameter. The third, dm, 
the Modal particle diameter, represents the 



TABLE 

I 


Description of paint system 

Peak radius 

Range 

Type of distribution 


microns 

microns 


No dispersing agent 

4 0 

3-G 

Slight left-skew 

With 0-25% Al. stearate 

4-7 

3-0 -2 

Symmetrical 

With 0 5% Al. stearate 

36 

2*5-0 

Nearly symmetrical 

With O’ 75% Al. stearate 

3-7 

2*5-5*8 

Symmetrical 

With stand oil raw linseed oil 

4-25 

3-0 

do 

With stand oil alone 

3-6 

2-5 0 

do 

Repetition of 0, with fresh pigment 
sample 

3-6 

2 8-6’5 

Slight right-skew 

With 2% plaster of Paris 

4 3 

3-0 

Nearly symmetrical 

With 6% plaster of Paris 

3-7 

2-0 

Symmetrical 

With oleic acid + raw linseed oil 

5 3 

3’2-7*5 

do 


Ref. to 
Fig. 

1 

2 

8 

4 

5 
G 

7 

8 

9 

10 



Fig. 1 — Sedimentation curve and particle-size distribution diagram using Svedberg’s 

GRAPHICAL CALCULATION METHOD ; RED LEAD WITHOUT ANY DISPERSING AGENT. 
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most probable diameter for a particle in a 
mixture of many sizes, that is to say, that 
it is the diameter of the largest number of 
particles. It is considered that an idea of 
dm will be the most significant in the studies 
reported in this paper. The value of dm 
is given by the peak of the size-distribution 
diagram and in Table I, the peak radius is. 


therefore, the Modal particle radius. This is 
also the same as the arithmetical mean 
particle diameter dme or the median diameter 
dine 4 , in cases where the size-distribution is 
symmetrical. 

The first 4 experiments reveal progressive 
improvement in respect of dispersion stabi- 
lity, brought about by increasing use of 



Fig. 2 — Sedimentation curve and particle>size distribution diagram; red lead -f 0*25 per 

CENT ALUMINIUM STEARATE. 



Fig. 3 — Sedimentation curve and particle-size distribution diagram ; red lead -f 0*5 per 

CENT ALUMINIUM STEARATE. 
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aluminium stearate as a dispersing agent. 
This is clearly brought out by the progressive 
decrease of the peak radius given in column 
3 and also by the narrowing down of the 
size range given in column 4 as one proceeds 
from experiments 1 to 4 ( Figs. 1 to 4 ). 0*5 
per cent or 0*75 per cent of aluminium 
stearate on the weight of the pigment seems 


to be the optimum for securing the best 
dispersion stability. 

In experiments 5, 6 and 7 ( Figs. 5 to 7 ), 
the effect of using stand oil, either in partial 
or total replacement of the linseed oil usually 
employed, is shown. In experiment 5, 10 gm. 
of the pigment under test were mixed with 
1*5 c.c. of raw linseed oil and 1*5 c.c. of 



^ — Sedimentation curve and particle-size distribution diagram ; red lead -f 0*75 per 
CENT aluminium STEARATE. 



Fig. 5 — Sedimentation curve and particlb-size distribution diagram ; same sample of red 
LEAD but half OF THE 30 PER CENT ( BY VOLUME ) OF RAW AND DOUBLE-BOILED LINSEED OIL 
REPLACED BY AN EQUAL VOLUME OF STAND OIL, THE OTHER HALF BEING RAW LINSEED OIL. 
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stand oil for forming the paint. In experi- 
ment 6, no linseed oil was employed, and 
instead, 3 c.c. of stand oil alone were used. 
Experiment 7 is a repetition of experiment 
6 using 3 c.c. of stand oil with a fresh batch 
of pigment drawn from the same original 
stock. This experiment indicates the extent 
of reproducibility of the results. In experi- 
ments 8 and 9 (Figs. 8 and 9), the paints were 
formed by using 2 per cent and 5 per cent. 


by weight, of plaster of Paris respectively. 
The usual mixture of raw and double-boiled 
linseed oils ( 1 : 2 by volume ), employed in 
the case of experiments 1 to 4, was used in 
forming the paint. The plaster of Paris 
was pre-heated for 4 hr. at 125°C. before 
incorporation in the paint. In experiment 
10, 10 gm. of the pigment was mixed with 
1-5 c.c. of oleic acid and 1*5 c.c. of raw lin- 
seed oil. It will be seen from the distribu- 



Fig. 6 Red lead made into paint with an equal volume of stand 
MENT OF 30 PER cfeNT ( BY VOLUME ) OF LINSEED OIL. 


OIL IN TOTAL REPLACE- 
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tion diagram (Fig. 10) that far from 
acting as a dispersing agent, oleic acid has 
actually reduced the dispersion stability 
thereby leading to more rapid setting. The 
peak radius as well as the size range ( cols. 
3 and 4) are higher in this case than the 
values for experiment 1 where the pure test 
sample as such was employed without any 
dispersing agent. 



Fig. 8 — Red lead with 2 per cent plaster 
or Paris, 


It may be concluded from the results 
given above that if the red lead paints are 
formed by total replacement of the usual 
linseed oil mixture by stand oil, the quality 
of the paints in respect of setting tendency 
and dispersion stability is improved to 
the same extent as can be secured by the 
incorporation of an optimum percentage of 
aluminium stearate. The same may be 
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said about the use of plaster of Paris ( 5 
per cent by weight ) on the pigment sample. 
A few experiments carried out using talc, 
barytes and other substances as extenders 
or suspending agents gave unsatisfactory 
results. Although some of them appeared 
to slightly retard the setting, the results 
obtained were not considered satisfactory 
for extended investigations. As a matter 


Electrolytic 

chlorobenzene 


of fact, barytes increased the setting ten- 
dency which is also an undesirable feature 
for any paint sample. 
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Reduction of ^)rr/fo-Nitro- 
to wzem-Chlor-/>-Aminophenol 


B. B. DEY, R. KRISHNA MALLER & B. R. PAI 
Presidency College, Madras 


T he electro-reduction of o-nitrochloro- 
benzene in acid emulsion to meta- 
chlor-/>-aminophenol does not appear 
so far to have been reported in 
literature. Indeed, no reference to the 
electro-synthesis of halogen-substituted 
aminophenols is found in literature and 
investigations even on the chemical methods 
of their preparation appear to be scarce. 
This accounts partly for the general lack of 
recognition of such compounds as possible 
dyestuff intermediates. Apart from their 
value as potential dye-intermediates, a 
study of these compounds would be of 
considerable interest in throwing light on 
the influence of such halogen substitution 
on the stabilization of the molecule against 
oxidative changes thereby conferring on 
them better keeping qualities. This is a 
factor of not little importance in making them 
suitable for employment as photographic 
developers in tropical climates. 

m-Chlor-^-aminophenol was first decribed 
in a D,R.P} as the product of reduction 
of 3-chlor-4-nitrophenol by iron and hydro- 
chloric acid at 80®-lX)0^C. and the m.p. 
was given as 160®C. It was also mentioned 
as a possible photographic developer. Later, 
Hurst and Thorpe*, in the course of their 
work on the preparation of phenacetin by 
the redifction of ^nitrophenetole using tin 
and eonc. hydrochloric acid, obtained a 
chloro-phehetidine and its acetyl derivative 


was de-ethylated by them in the presence of 
aluminium chloride to a product which was 
identified as w-chlor-/>-acetyl-aminophenol 
(crystallized from chloroform, m.p. 121X.). 
Hodgson and Kershaw* had also prepared 
this compound by the reduction of 3-chloro- 
4-nitrophenol in alkaline solution using 
sodium hyposulphite for the purpose (m.p. 
160X. ; N-acetyl derivative, m.p. 121°C.). 
More recently, Kiewict and Stephen* obtained 
the diacetyl derivative of the compound 
( 3-chloro-4-acetamido-phenyl acetate, m.p., 
127°C. ) by reducing 3-chloro-4-nitrophenol 
in acetic anhydride with splid stannous 
chloride. In all these cases, the products 
have been obtained by devious means and 
the yields too have not been specified. 

When o-nitrochlorobenzene is subjected 
to cathodic reduction in strongly acid 
media, according to accepted principles, 
the initially formed p-chloro-phenyl hy- 
droxylamine undergoes isomerization in part 
to the corresponding aminophenol, viz. 
w-chlor-/>-aminophenol and also reduction 
in part to o-chlor-aniline, the relative 
proportions of the two depending upon the 
conditions of the experiment. Previous 
experience in regard to the preparation of 
aminophenolic derivatives by electro-methods 
had shown that these conditions which deter- 
mine the maximum formation of the amino- 
phenolic body are mainly concerned with the 
employment of suitable cathodip material, 
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either an alloy or simple metal, in conjunc- 
tion with catalysts which suppress amine 
formation and simultaneously help the 
speed of isomerization of the hydroxyl- 
amino compound. Apart from these pri- 
mary considerations, other factors like 
strength of acid, temperature of reduction, 
current density and depolarizer concentration 
also play a part in determining the nature 
and extent of the reduction. These latter 
factors, however, have been to some extent 
standardized, so that the experiments in 
the reduction of o-nitrochlorobenzene in 
acid medium were conducted only under 
the most favourable conditions determined 
previously, and were confined mainly to 
the study 6i the influence of variations in 
cathodic material and catalysts on the 
yields of the products. 

Experimental 

The experimental procedure involved in 
both the reduction and isolation of the 
products in this investigation is similar to 
that worked out in connection with that 
of o-nitro-toluene®. One exception, how- 
ever, has been in the use of a solvent like 
xylene since only by its employment the 
depolarizer could be brought to the top 
of the catholyte, thereby facilitating agi- 
tation and subsequent emulsification which 
otherwise would have been hampered, 
owing to the denseness of the nitrochloro- 
benzene and its consequent tendency to 
settle to the bottom in spite of vigorous 
agitation of the mass. The use of a vola- 
tile solvent, especially in an open cell, made 
it necessary to maintain the temperature 
of reduction rather low ( about 50°-55X.), 
consistent with efficient working, so as to 
reduce loss. Moreover, it Was found that 
neither a higher temperature nor the 
passage of current in excess of that required 
by theory helped to improve the yield of 
the products. Only the theoretical amount 
of current, viz. 64 amp. /hr. was, therefore, 
employed for the reduction. 

As regards cathodic material, monel and 
copper (pure and amalgamated), and lead 
were employed in this study. Copper was 
found to be the most suitable in providing the 
maximum yield of the chlor-aminophenol 
( 29*1 per cent of theory ) and lead for the 
dhloraniline ( 34*6 per cent of theory ), in 
conjunction with copper sulphate as cata- 
lyst. Amalgamation of copper did not 
improve the yield of the aminophenol, 
although the current efficiency rose from 


54 i>er cent to 65 per cent. Apart from 
copper sulphate, other catalysts such as 
sulphates of mercu^, calcium, zinc and 
ammonium and iodide of potassium were 
also tried. A low yield ( 10 per cent ) of 
aminophenol resulted when mercuric sul- 
phate was used in the presence of copper 
cathode, while the rest of the catalysts 
were to be found to be quite unsatisfactory. 
Calcium and ammonium sulphates were 
employed as a modification of the sug- 
gestion by Brand Strache® who found a 
mixture of the chlorides to be effective in the 
chemical reduction of nitrobenzene to phe- 
nyl-hydroxylamine. According to Khir- 
khgof’ presence of iodides in the catho- 
lyte greatly increased the speed and effi- 
ciency of reduction of nitro compounds by 
acid electrolysis, but we are unable to 
confirm this in the present case. 

The optimun conditions worked out and 
the results obtained so far for the preparation 
of w-chlor-^-aminophenol by acid electro- 
lysis of o-nitrochlorobenzene are given 
below : 

Conditions — Cathode : copper ; cathol- 
yte : 100 gm. of o-nitrochlorobenzene dis- 
solved in 100 c.c. of xylene and kept in 
400 c.c. of 30 per cent sulphuric acid ; 

anode : lead ; anolyte : 50 c.c. of 30 
per cent sulphuric acid ; 
catalyst : 10 gm. of copper sulphate ; 
temperature : 50°-55°C. ; 
current strength : 20 amp. /hr. ; 
current density : 5-99 amp./ sq. dm. ; 
total current passed : 64 amp. hr. 

( theoretical ). 

Results — Current efficiency : 54 per cent ; 
o-chlor-aniline : 24 per cent of theory ; 
w-chlor-/>-aminophenol : 29T per cent of 
theory, m.p., 160°C. ; diacetyl derivative, 
double crystallized from alcohol and from 
chloroform, m.p., 131°C. ; reduces ammo- 
niacal silver nitrate to a fine mirror of 
silver and colours ferric chloride violet. 

Discussion 

The amounts of chloraniline and chlor- 
aminophenol account for only a little over 
half ( 28*7 gm. ) of the nitrochlorobenzene 
reduced. On titrimetric analysis of the 
mother liquor for the aminophenol remaining 
in solution, according to a modification 
of Brigham and Lukens' method®, another 
8*8 gm. of the used up depolarizer could be 
accounted for. Even after this there still 
remained about 30 per cent of the reduced 
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nitro compound to be accounted in terms of 
converted products. 

Although it is known that in a not too 
strongly acid medium a suspension of a nitro 
compound, when electrolytically reduced, 
yields, besides an amine and aminophenol, azo 
and azoxy benzenes and even benzidine®, 
these side reactions are known to occur 
only slowly^® and cannot, therefore, account 
for all the 30 per cent of the nitro compound 
reduced, nor can losses due to evaporation 
explain this. Since it is very probable that 
an equivalent amount of the hydroxyl- 
amino compound had been formed, a 
plausible explanation would be found in 
the assumption that it remained as such 
in solution, not having a chance, under 
the conditions of the experiment, either 
to be isomerized to the aminophenol owing 
to steric hindrance or to get reduced 
further to the amine. It, therefore, becomes 
necessary not only to study the course of 
the reaction under different conditions but 
also to identify the various products formed 
before any attempt is made to improve the 


jdelds of the aminophenol. With this end in 
view, a set of experiments is planned and 
details will be published separately. 

Our thanks are due to the Council of 
Scientific & Industrial Research, India, for a 
grant which defrayed the expense of this 
investigation and for permission to publish 
the preliminary results. 
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Miscibility of Castor Oil with 
Some Petroleum Products 


M. H. DOMADIA & J. G. KANE 

Department of Chemical Technology, University of Bombay 


T ests for the purity of castor oil such 
as the determination of the Frabot 
Number^ and Benzine point* have 
been based on its partial miscibility 
with petroleum ether. The British Pharma- 
copoeia}, for identification of castor oil, states 
that it “ mixes completely with half its 
volume of light petroleum ( B.P. 50° to 
60®C. ), and is only partially soluble in two 
volumes Atkins^ studied critical solution 
temperatures of castor oil with petrols of 
different sources and observed that the 
presence of aromatics and naphthenes lowers 
the miscibility temperatures of the paraffins 
pre‘:ent. The vdues obtained by different 


workers for the critical solution temperature 
have differed mainly on account of the 
uncertain composition of the petroleum 
fractions used, and the wide boiling ranges 
of these fractions. 

There is a general impression that castor 
oil and petroleum ether are immiscible 
at room temperatures usually prevalent 
( c. 25°-30°C. ). This is not entirely correct 
since the two mix condpletely at certain 
volume ratios, irrespective of the type of 
the petroleum ether®. The present work 
was undertaken with a view to stud 5 dng 
the behaviour of petroleum ether-castor 
oil binary mixtures over the the whole 
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composition range. In addition, the miscibi- 
lity of castor oil with kerosene, technical 
white oils and lubricating oils has also 
been studied. 

Experimental 

Materials Used — Castor oil : pure cold- 
drawn filtered oil with the following charac- 
teristics was used : 

Sp. gr. at 29*5729-5X. 0-9557 
Ref. index at 29-2°C. 1-4780 
Acid value, 1-9 
Sap. value, 183-0 
Hydroxyl value, 158-3 

The solvents used in this study are given in 
Tables I and II. 

Procedure — Mixtures of castor oil and the 
various solvents were made on volume basis 
and their turbidity temperatures were deter- 
mined in the usual way. Mixtures which 
were clear and homogeneous at room tem- 
perature were cooled down gradually in a 
water bath and the temperature at which 
faint turbidity appeared was noted. Mix- 
tures which were immiscible were heated 
gradually in the water bath until they were 
homogeneous and then were allowed to cool 
down slowly until faint turbidity appeared. 



TABLE 

I 


Solvent 

Qualitv 

Boiling 

Aniline 



RANGE, "C. 

POINT, °C. 

Petroleum ether A 

C.P. 

08-118 

.53-7 

Petroleum ether B 

C.P. 

87- 94 

57-2 

Petroleum ether C 

C.P. 

65- 70 

.58 1 

Kerosene 

Commercial 

170-250 

711 



TABLE 

II 



Solvent 

Quality 

Sp. gk. 

Rek. 

Visco- 

Aniline 



AT 

index 

sity in 

POINT 



30“/30°C. 

AT 

CKNTI- 

“C. 



29-5°C. 

POISES 

AT 35°C. 



White oil I 

Technical 

0-8593 

1-4727 

14-59 

97-5 

White oil II 

Technical 

0-8653 

1-4753 

12-46 

91-3 

Shell BD, oil 

Lubricating 




82-2 



TABLE III 


Castor oil 

Petroleum 

ETHER C 

VOL. % 

( 65°-70°C.) 


, .>w_ 



Turbidity 

Clearance 


temperature. 

temperature, 


"C. 

“C. 

100-0 

~12-0* 


95-0 

-14-0* 


00-0 

-15-0* 


75-0 

-14-0* 


600 

-11-0* 


54-5 

5-0* 

0 6* 

50-0 

13-4--2 

13-6-7 

S7-5 

28- 4- -2 

28-3--4 

25 0 

33-4 

83 4 -5 

12-5 

36-2 

36-8--6 

50 

32 - 4-32 -0 

82*2-4 

1-26 

20-6--4 

20-6--8 


•Approximate 




Fig. 1 — Miscibility of petroleum products 

CURVES A, B AND C REFER TO PETROLEUM ETHERS 

D : Kerosene ; E : Shell BD* lubricating oil 
F AND G : White oil I and II. 

In all the cases, the temperatures at which 
turbidity just disappeared were also noted. 

Results — Although in most cases the 
appearance of turbidity was sharp and 
repeated checks gave fairly concordant values 
( difference not greater than 0-2°C.), there 
were instances where the turbidity was 
either difficult to mark or where no white 
turbidity appeared, but ‘'liquid droplets*' 
separated on cooling. In such cases, check 
readings differed by as much as 0-5°C. 

Table III gives the experimental results 
for one binary system. The values for this 
and other systems are represented graphi- 
cally in Fig. 1. 

Discussion 

The turbidity curves are remarkably 
similar. In all the cases, mixtures miscible 
at room temperature are obtained only 
in high concentrations of castor oil. As 
the proportion of solvent is increased, the 
mixtures become miscible only at elevated 
temperatures. They again become homo- 
geneous at room temperature in very low 
concentrations of castor oil. The curves 
show that the 3 kinds of petroleum ethers, 
normally used in the laboratory, are com- 
pletely miscible with castor oil at room 
temperature in equal proportions or in any 
larger proportion of castor oil. Although 
curve C only has been studied over the 
whole range, it will be seen that the other 
curves follow a course almost parallel. to 
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it over the partial range that has been 
studied. Castor oil is liable to be mixed 
either with technical white oils if it is 
being sold as a hair oil or with kerosene 
or lubricating oils if it is being sold for 
lubricating purposes. The curves show that 
these mineral oils, when mixed with castor 
oil up to 10-20 per cent of its volume, cannot 
be visually detected, since such mixtures 
remain perfectly clear at average room tem- 
perature. 

The miscibility of castor oil with a petro- 
leum product appears to be related to the 
Aniline point of the latter. In Fig. 1, the 
lower-most curve As for petroleum ether 
having an Aniline point of S3-7X., the 
topmost curve is for white oil with an Aniline 
point of 97*5 °C. The 3 petroleum ethers, 
A, B and C, were found to be almost free from 
unsaturated components and may be sup- 
posed to contain octanes, n-heptane and 
n-hexane respectively as their major com- 
ponents. Had they been of the highest 
purity, their Aniline points should have 
been 71*7°C., 69-7°C. and 68-6°C. respectively. 
These not only differ considerably from the 
values obtained for the 3 ethers used, but 
their order is also reversed. This indicates 
that even the so-called “chemically pure “ 
petroleum ethers are not only mixtures of 
straight-chain paraffin isomers, but they 


may as well contain cyclo-paraffins and 
naphthenes. That the miscibility of castor 
oil depends on the Aniline point, i.e. the 
parafffnic nature of the solvent, was verified 
in the case of another lubricating oil with 
an Aniline point of about lOSX. This oil 
appeared to be much less miscible than the 
white oil with an Aniline point of 97*SX. 

Summary 

Miscibility of castor oil with 3 types of 
petroleum ethers, kerosene, white oils and 
lubricating oils has been studied. It has 
been found that all of them are miscible at 
average room temperature with castor oil in 
high as well as in very low concentrations of 
the oil. The miscibility in the iritermediate 
regions depends on the Aniline point of the 
petroleum product ; the lower the Aniline 
point, the higher is the miscibility. 
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Chemical Examination of the 
Seeds of Cucumis sativus Linn. 

(Mj^) PADMINI SONI, S. C. GUPTA & 
J. S. I^GGARWAL 

Chemical Laboratories, Council of Scientific & Industrial 
Research, Delhi 


C ucumis sativus Linn. ( Hindi : Khira ) 
belongs to the natural order Cucer- 
hitaceae. Its seed kernels are edible 
and are used in confectionery in 
India. In order to evaluate their nutri- 
tive value, a detailed chemical examination 
of the seed kernels has been undertaken, 
and the results obtained are recorded in 
this paper. ^ 


A few of the characteristics of the oil have 
been reported by Hooper^. The seed kernels 
contain about 42*5 per cent oil with the 
followiilg fatty acid composition : 


% 


Acids lower than palmitic 

0-63 

Palmitic acid 

414 

Stearic acid 

16-42 

Lindleic acid 

40-11 

Oleic acid 

38-70 
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The kernels contain about 42 per cent 
proteins. The ash is rich in phosphates 
( 0*62 per cent P^Og ). 

The unsaponifiable fraction of the oil has 
been crystallized from alcohol in white 
needles ( m.p. 161°-162*5X.). It gives a 
well-defined Libermann-Burchard colour test 
for sterols. Its acetate melts at 162®-163X. 

The oil belongs to the sdmi-drying class. 
In view of the fatty acid composition, high 
percentage of protein and appreciable quan- 
tity of phosphates, the seed kernels of 
Cucumis sativus should have appreciable 
food value. 


Experimental 

The kernels form 75 per cent of the seeds. 
The powdered kernels were extracted 4 times 
with petroleum ether ( B.P. 40°-60X.). After 
removing the solvent, 42*50 per cent of a 
clear, light-yellow, bland oil having the 
following characteristics was obtained : 


A ccording 
to Hooper 


Sp. gr. 

Viscosity at 40°C. 


Ref. index at 25°C 
Acid value 
Sap. value 
Iodine value (Wijs) 

Acetyl value 
Hehner value 
Soluble fatty 
acids calculated 
as butyric acid, % 
Hexabromide value nil 

Unsaponifiable 0*91 

matter % 

Saturated fatty acids 20-76% 
(modified Bertram 
method)* 


0- 9130 (40X.) 0-9240 (15°C.) 
27-32 centi- 

stokes 

1- 4605 

0-22 11-5 

193-0 195-2-196-9 

114-9 117-7-118-5 

3-1 

94-86 94-4 

0-4 


200 gm. of the oil were saponified with 
alcoholic potash, the alcohol was distilled off 
and the residual soap dissolved in water. 
The unsaponifiable matter was removed 



TABLE 

I 


Fatty acids 

Quantity 

Neutraliza* 

Iodine 


% 

TION VALUE 

VALUE 

Total 


202-7 

116-1 

Soluble lead salt 

7»‘’49 

204 ■ 4 

138-18 

Insoluble lead salt 

20 51 

201-3 

8-1 


TABLE II 


Weight of esters distilled, 55 0 gm. 


Fraction 

Temperature 

Pressure, 

wt. of 


RANGE 

ram. 

fraction 


X. 


gm. 

L-1 

150-180 

6-0 

1-48 

L-2 

180-194 

6-0 

6-89 

L-3 

186-190 

4-0 

9-03 

L-4 

190-194 

4-0 

7-41 

L-5 

194-198 

4-0 

8 -.55 

L-6 

198-210 

4-0 

8-73 

L-7 

210-219 

4-0 

2-47 

L-8 

Residue 


9-70 




54-26 


with ether and the soap solution decomposed 
with dilute sulphuric acid. When heated 
on the water bath, the fatty acids formed 
a clear oily layer at the top. They were 
removed with ether and dried in vacuum 
at lOOX. 

The acids ( 150 gm.) were dissolved in 
95 per cent alcohol ( 750 c.c.), the solution 
boiled and mixed with a boiling solution of 
lead acetate (110 gm.) in 95 per cent alcohol 
( 750 c.c.), the alcohol in both cases containing 
1*5 per cent glacial acetic acid. The in- 
soluble lead salts obtained on cooling over- 
night at 15°C. were crystallized from alcohol 
containing 1-5 per cent glacial acetic acid 
and recrystallized from ether at 0°C. when 
a pale -yellow crystalline material was 
obtained. The solid acids were regenerated 
from the lead salts. The liquid acids were 
recovered from the lead salts left over on 
evaporation of the mixed ether and alcohol 
mother liquors. The quantities of soluble 
and insoluble lead salts of fatty acids and 
some of their characteristics are given in 
Table I. 


TA 


Fraction 

Corrected 

WT. 

gm. 

lOD. 

VALUE 

Sap. 

VALUE 

Mean 

MOL. WT. 

L-1 

1-50 

107-09 

220-42 

2.54-0 

L-2 

6-98 

129-97 

195-06 

287-6 

L-8 

9-15 

138-92 

190-46 

294-6 

L-4 

7-51 

140-28 

190-37 

294-7 

L-6 

8-67 

142-09 

190-26 

294-8 

L-6 

8-85 

140-76 

189-78 

295-6 

L-7 

2-51 

120-97 

189-77 

295-6 

L-8 

0-83 

91-33 

189-36 

296-3 


55 00 


BLE III 


Weight of esters 


Methyl 

caprylatc 

gm. 

Methyl 

caprate 

gm. 

Methyl 

inyristate 

gm. 

Methyl 

palmitate 

gm. 

Methyl 

linoleate 

gm. 

Methyl 

olcatc 

gm. 

0-17 

0-12 

6- 09 

0-04 

0- 67 

3- 70 
6-62 

4- 73 

5- 73 

5 - 62 

1- 02 
0-65 

0- 54 
3-15 
3-53 
2-78 

2- 94 

3- 23 

1- 49 
9-18 

0-17 

0-12 

0 09 

0-04 

27-74 

26-84 


Total 
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Soluble Lead- salt Fatty Acids 

The soluble lead-salt fatty acids, on oxida- 
tion with potassium permanganate (modi- 
fied Bertram method*), gave 1-0 per cent 
saturated acids. 

The liquid acids were converted into 
methyl esters, and a known weight was 
fractionally distilled under reduced pressure*. 
The results obtained are given in Table II. 

The loss in distillation ( 0*74 gm.) was 
proportionately divided and added to each 
fraction, the saponification and iodine values 
were determined and the amounts of indiv- 
idual esters in each fraction were cal- 
culated. The results are given in Table III. 

The acids from L-3 and L-5 were oxidized 
with dilute alkaline potassium permanganate 
when tetrahydroxy stearic acid (m.p. 172®- 
173°C,) and dihydroxy stearic acid ( m.p. 
130®-131®C.) were isolated from both the 
fractions. Fraction L-8 gave dihydroxy 
stearic acid by this treatment. The com- 
position of the soluble lead-salt fatty acids 
is follows : 


% 


Acids lower than palmitic 

0-67 

Palmitic acid 

0-06 

Linoleic acid 

50-44 

Oleic acid 

48-83 


The bromine addition derivatives of the 
soluble lead-salt fatty acids were prepared 
according to the method of Eibner and 
Muggenthalor* as described by Jamieson 
and Boughmann®. The results are as follows : 


Soluble lead-salt acids taken 
for analysis 

Saturated acids from Bertram’s 
method 

Linoleic tetrabromide insoluble in 
petrol ether, m.p. 113®-114®C. 

Residue ( tetrabromide, dibromide 
and saturated acids ) 

Bromine content of the residue 

Linoleic tetrabromide in the 
residue 

Oleic dibromide in the residue 


3- 1563 gm. 

0- 03 

1- 5841 „ 

4- 2352 „ 

43-33% 

1- 8292.gm. 

2- 3760 „ 


Total tetrabromide found 3*4133 gm. 

Linoleic acid equivalent to 

tetrabromide = 1-5930 or 50-47% 

Oleic acid equivalent to 

dibf-omide = 1-5164 gm. or 48-04% 

The mean values obtained for these acids 
from distillation and bromination results 
are : 


Acids lowei; than palmitic 

7o 

0-79 

Palmitic acid 

0-07 

Linoleic acid 

50-46 

Oleic acid 

48-68 


Insoluble Lead- salt Fatty Acids 

The insoluble lead-salt acids, after con- 
version into methyl esters, were distilled 
under reduced pressure. The fractions 
obtained are given in Table IV. 


TABLE IV 


Weight of esters distilled, 22-0 gm. 


•’R ACTION 

Temperature 

RANGE 

OX. 

Pressure 

mm. 

WT. OP 
FRACTION 

gm. 

S-l 

150-175 

60 

5-60 

S -2 

175-183 

60 

6-65 

8-3 

176-183 

.5 0 

4 03 

s-4 

Residue 


4-86 


The loss in distillation ( 0-96 gm. ) was 
added proportionately to each fraction. The 
iodine values, saponification values and 
mean molecular weights of all the fractions 
were determined. The amounts of various 
acids in the different fractions were calcu- 
lated according to the method of Jamieson 
and Boughmann® ( Table V ). 

The acids from fraction S-1, on repeated 
crystallization from alcohol and acetone, 
gave a product melting from 60® to 67®C., 
showing it to be a mixture of palmitic 
acid ( m.p. 63°C.) and stearic acid ( m.p. 
69®C.). The acids from fraction S-4, on 
crystallization from alcohol, gave stearic 
acid. 


TABLE V 


Fraction 

Corrected 

lOD. VALUE 

Sap. value 

Mean mol. wt. 


Weight of esters 



WT. 





—A 



gm. 




Methyl 

Methyl 

Unsaturated 






palmitate 

stearate 

esters 






gm. 

gm. 

gm. 

S-l 

5-85 

2-69 

19513 

287-6 

2-25 

3-48 

0-12 

S-2 

6-01 

3-43 

193 04 

290-6 

1-61 

4-16 

0-15 

S '8 

5-16 

4 04 

189 *47 

295-4 

0-39 

4-61 

0-16 

S-4 

^ 6-08 

8*10 

188-88 

297-9 

0-01 

4-76 

0-81 

Total 

2206 




4-26 

17-00 

0-74 
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The amount of individual saturated com- 
ponents in the insoluble lead-salt fatty 
acids ai e : 


% 

Palmitic acid 19*96 

Stearic acid 80*04 


From the above analysis, the total fatty 
acid constituents of the oil from the seed 
kernel of Cucumis saiivus Linn, are : 


% 


Acids lower than palmitic 

0*63 

Palmitic acid 

4*14 

Stearic acid 

16*42 

Linoleic acid 

40*11 

Oleic acid 

38*70 


The composition of the oil, therefore, is : 


Glycerides 

of 


% 


"Acids lower than palmitic 

0*63 

Palmitic acid 

4*12 

J Stearic acid 

16*30 

] I^inoleic acid 

39*62 

Oleic acid 

38*42 

Unsaponifiable matter 

0*91 


Seed Kernel Cake 

The cake obtained from the seed kernels, 
after complete removal of the petrol-ether 
soluble fraction, was analysed according to the 
method described in the Official and Tenta- 


tive Methods of Analysis, The following 
results were obtained : 


Moisture 

Proteins ( N x 6*25 ) 

Ash 

Crude fibre 

Carbohydrates ( by difference ) 


8*13 

72*53 

9*7 

1*0 

8*64 


The ash, on analysis, gave 1T17 per cent 
phosphate calculated as P 2 O 5 . 
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Letters to the Editor 


A NOTE ON PULSED EMISSION 
FROM OXIDE-COATED CATHODE 

Mechanism of thermionic emission from 
oxide-coated cathode as also that of con- 
duction through oxide coating had been a 
subject of controversy for a long time. The 
situation, however, became simpler when 
Fowler-Wilson^ theory of semi-conductors 
based on statistical mechanics was applied 
to the problem. Electronic energy levels 
inside a semi-conductor ( n-type ) are shown 
in Fig. 1. With the values as shown in the 
figure, the expression for conductivity a of 
the semi-conductor can be shown to be of 
the form : 

o = Oo (-cQi/ikx) (1) 

where e is electronic charge, k is Boltzmann's 
constant, T is the temperature of the cathode 
in ®K, Oq is a constant directly proportional 
to electronic charge and mobility and is 
very slightly dependent on temperature, 
is called the activation energy of the 
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Fig. 1 — Energy levels in an impurity 

SEMl-CONPUCtOR ( EXTRINSIC N-TYPE ). 


semi-conductor. The expression for saturat- 
ed thermionic current im can be vvritten as 

tm=« AT* exp. [ -e ( 0,/,+^ )/kT ] (2) 

where a is a constant slightly dependent 
on temperature, A is the usual constant 
of Dushmann's equation and is independent 
of temperature. This approach to the 
problem helped to explain many pecu- 
liarities observed in an oxide-coated cathode 
and could predict emission of the correct 
order of magnitude. In recent years, 
however, peculiar effects were observed in 
an oxide-coated cathode operated with 
pulsed voltage of microsecond duration on 
the anode. It was found that surprisingly 
large amount of peak current could be 
drawn from a cathode which, under condition 
of d.c. operation, gives a much lower magni- 
tude of current. This effect aroused a lot 
of speculation among the workers and it 
has led to the suspicion that Fowler-Wilson 
theory of semi-conductor is perhaps not the 
correct approach to the problem, at least 
under pulsed operation. For example, 
Blewett^ has suggested that the large 
emission observed is probably connected 
with some non-equilibrium condition inside 
the cathode and, therefore, statistical-mecha- 
nical approach, which is valid only under 
condition of equilibrium, may not be appli- 
cable to such a case. He and Hahn have, 
therefore, advocated a new approach based 
on mass motion. An interesting suggestion 
due to Coomes®, however, does not require 
such a radical revision of idea. He has 
suggested that electrons which are thermally 
excited to conduction level during the 
period between the successive pulses are 
swept away by the pulse, thus causing a 
momentary flow of a large amount of 
current. This Suggests that expression for 
conductivity of the oxide layer as also of 
thermionic emission current should be given 
by expressions of the type (1) and (2). 
Experimental data available to date are 
not, however, sufficient for an outright 
decision in favour of one or the other sugges- 
tion. In a recent communication Danforth 
and Goldwater^ have given some interesting 
experimental data for pulses of microsecond 
duration. They found that log 1/R plotted 
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against 1/T gives a straight line whose slope, 
within experimental accuracy, lies near 
about the value of Qj obtained by other 
workers under condition of d.c. operation 
by using relation of the type (1) ( R being 
the resistance of the cathode ). In their 
experiment they used a probe embedded 
inside the oxide coating to determine R. 
An interesting method of measurement 
which avoids complications due to the 
embedded probe was used by Loosjes and 
Vink® to determine the characteristics of 
an oxide -coated cathode for pulses of dura- 
tion 10“^ sec. They found that surprisingly 
large amount of potential drop exists across 
the oxide layer under such condition of opera- 
tion. They have not, however, examined 
if the data obtained by them obey rela- 
tions of the type (1) and (2). This has 
been done and is being presented in this 
note. It is found that there is strong 
evidence that the Fowler- Wilson theor^^ 
of semi-conductor might be applicable in 
pulsed operation and, therefore, suggestion 
offered by Coomes deserves serious consi- 
deration. 

Current voltage characteristics ( i-v ) of 
the cathode given by Loosjes and Vink 
show the following 3 distinct regions : 

1. A very small linear region at the origin. 

2. A curved region beyond (1). 

3. A nearly linear region for high value 
of V. 

Curve (1) in Fig. 2 has been drawn for 
the first region. Conductivities were cal- 
culated by drawing a tangent at the origin 
of the characteristic. It is seen that the 
curve is essentially linear with a slope of 
1*05 volts. Curve (2) has been drawn for 
the second regioti mentioned above. Con- 
ductivities were calculated for V ~ 20 volts. 
Here also log o — i /T is found to be linear. 
Slope of the curve is about 1 -4 volts. Curve 
(3) has been drawn for the third region 
mentioned above. The curve is linear 
with a slope of M volts. It is seen that the 
slope of log a — 1/T curve for region (2) 
differs from the other two values. Con- 
ductivities calculated for this region from 
the values of i and v at point should, how- 
ever, be interpreted carefully. Character- 
istics is curved in this region, which shows 
that a non-ohmic element in the cathode 
might be playing an important role in this 
region. It is well known that non-ohmic 
contacts give rise to a potential barrier 
having the property of rectification. Pre- 
sence of a fairly thick barrier of this type 



,1 

Fig. 2 — Figure showing conductivity as 
FUNCTION OF TEMPERATURES ( CURVES 1 , 2 , 3 AND 
Richardson plot of emission current ( curve 4 ). 

in the core/oxide interface of an oxide- 
coated cathode has been definitely establish- 
ed by Fineman and pisenstein®, Wright’ 
and Coomes^. Resistance of this barrier 
may be high compared to that of the semi- 
conductor. The linear relationship obtained 
for this region in curve (2) also indicates 
that the combined effect of a potential 
barrier at the core /oxide interface and 
the semi-conducting oxide layer is to give 
rise to a resistance having a higher activation 
energy. This is also expected from theore- 
tical expression given by Mott® for the 
current flowing through a potential barrier 
of the type mentioned above. Therefore, 
leaving the value for the curved region 
out of consideration we can take IT volts 
as the activation energy for the semi-con- 
ducting oxide layer. This does not agree 
well with the value of *825 volt given by 
Nishibori and Kawamura* for d.c. operation, 
but agrees well with the value of 1-2T:1 
volt found by Mahlman^®. With IT volts 
as the activation energy of the semi-con- 
ductors, and hence — 2-2 volts, the im- 
purity level must be about 2*2 volts below 
the bottom of the conduction band and, 
therefore, the energy separation between 
the top of the filled band and the bottom of 
the conduction band is at least 2*2 volts. 
Calculation of Wright^^ on thie basis of the 
treatment of Mott and Gurney^* for alkali 
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halides gives for BaO a value of 0 ( Fig. 1 ) 
the energy separation between the zero 
level and the topmost level of the filled 
band as 2-6 volts. This shows that ^ 
should have a value of 4 or less. According 
to Wright, the maximum value that ^ can 
have is -6 for BaO, but it may be zero or 
or even negative if the bottom of the con- 
duction band lies above the zero level. 
Supposing, therefore, that the value of 4 is 
quite admissible, one finds that the maximum 
value of thermionic work function is 

Qi/ 2+^=1*5 volts 

This value can be roughly checked with 
the help of the data given by Loosjes and 
Vink. From the values of plate voltage 
and thermionic current given, it is possible 
to determine ini tbe maximum possible 
emission for the cathode at a particular 
temperature without Schottky effect. This 
is done by simply plotting log i against 
\/ plate voltage and then finding the intercept 
on the log i axis obtained by producing the 
linear portion of the curve. The following 
data were thus obtained : 

Temp. logim 

976°K ~l-35 

1078°K -—70 

llOO'K —56 

Curve was drawn with log ini/T^ as ordinate 
and 1/T as the abscissa and curve (4) in 
Fig. 2 was obtained. This is a straight 
line as required by equation (2). From 
the slope of the line the value of thermionic 
work functions is found to be 1*19 volts. 
This is within the limit set by previous 
consideration. This value can be compa.red 
with the values of 1-1*5 volts obtained with 
d.c. operating voltage. 

It is also possible to determine the value 
ot '"a A " from the intercept made on the 


log tm/T^ 3xis by curve (4). The value 
thus obtained roughly is *08. This is 
much larger than the usual value of *0013- 
•000013 found for oxide-coated cathode 
under d.c. operating conditions, but is only 
slightly greater than the value of *03 found 
by Mahlman^®. It is thus seen that the 
larger emission obtained under pulsed condi- 
tion is due to a large increase in the factor 
“ a A” and not at all due to any lowering of 
work function. Indeed, there are evidences 
which show that for the same cathode the 
work function is probably larger under 
condition of pulsed operation. 

It is a pleasure to acknowledge with thanks 
the encouragement received from Prof. 
M. N. Saha and helpful suggestions and gui- 
dance received from Prof. S. K. Mitra in 
course of this work. 
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Calcutta 
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/soflavones from the Fresh Soya Bean 
Germ & the Synthesis of 6-Methyl- 
Formononetin & 6- Methyl -Daidzein 

PRITHVI RAJ BHANDARI, JOGENDRA LAL BOSE & 
SALIMUZZAMAN SIDDIQUI 

Chemical Laboratories, Council of Scientific & Industrial 
Research, Delhi 


A S many as eight isoflavones, represent- 
ing about half the total number of 
tsoflavones so far isolated from plant 
materials, have been found to occur 
in soya beans ( Soja hispida ). In the course 
of his investigations on soya bean meal, 
Walz^ isolated four tsoflavone glucosides, 
the aglucones of two of which are genistein 
and daidzein. Although no definite consti- 
tution was arrived at for the other two 
aglucones, their tsoflavone nature was clearly 
established. Later, Okano and Beppu^ iso- 
lated from the same source four new iso- 
flavones, two of which, namely tatoin and 
methyl-genistein, were obtained in the free 
state, although the method of isolation 
employed by them leaves doubt as to their 
occurrence in the free state in the plant body. 
The other two, namely methyl-tsogenistein 
and isogenistein were isolated as glucosides. 
The constitution forwarded for methyl- 
genistein, namely that of 5, 7, 4'-trihydroxy- 
8-methyh'soflavone has since been confirmed 
by a synthesis of the latter by Shriner and 
Hull®. For tatoin, a constitution of 5, 4'- 
dihydroxy-8-methylfsoflavone has been ad- 
vanced, but has yet to be confirmed by 
synthesis. 

The isolation of biochanins A, B and C 
from the fresh germ of germinated chana^ 
and Kabuli chana^ ( Cicer arietinum Linn. ; 
ordinary and white varieties ), of which the 
constitution of biochanin A was established 
as 5, 7-dihydroxy-4'-methoxy-isoflavone®, led 
to the present investigations on the consti- 
tuents of the fresh germ of various Indian 


pulses. In this connection it was considered 
of special interest to extend these investiga- 
tions to the fresh germ of soya bean^, which 
occupies in the Far Eastern countries a role 
in dietetics similar to that of chana in India. 

A small variety of soya beans ( Penygphe 
type ), grown in India and obtained from the 
Superintendent, Agricultural Research Sta- 
tion, Maruter ( West Godavari ), Madras, 
were used in the present investigations. 
The fresh germs of germinated soya beans 
were worked up in the same manner as the 
fresh germ of chana through dialysis with 
alcohol, and three crystalline .substances 
were isolated, one of which was found to be 
identical with biochanin C’. Of the other 
two substances, the sparingly soluble one 
( substance B ) was obtained in colourless 
prismatic rods, m.p., 322°-323X. ( decomp.), 
in a yield of O'OOl per cent on the weight of 
the dry grain. It appears to be of the nature 
of an fsoflavone and further work on its 
constitution is in progress. The more soluble 
product, substance A, was obtained in 
colourless prismatic rods, m.p., 316°-317X. 
( yield, 0-004 per cent on the weight of the 
dry grain ), which analysed for the molecular 
formula CieHi 204 . An alcoholic solution of 
the substance gave a brownish colouration 
with ferric chloride. Its hydrolysis with 
15 per cent aqueous-alcoholic potassium 
hydroxide solution yielded formic acid and 
p-hydroxyphenylacetic acid which did not 
depress the m.p. of a synthetic sample of the 
acid. Substance A further yielded a diacetyl 
derivative, m.p., 185°C., and appears to be 
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identical with tatoin, m.p., 318®C., the 
diacetyl derivative of which also melts at 
185X.* 

As an extension of the work referred to 
above, it was considered of interest to carry 
out some related synthetic studies in the 
isoflavone series. The synthesis of iso- 
flavones by condensation of phenyl benzyl 
ketones with absolute ethyl formate in 
presence of sodium dust was first employed 
by SpSLth and Lederer® in the synthesis of 
daidzein and pseudo-baptigenin, by heating 
the reaction mixture in a sealed tube at 
100®C. Wessely, Komfeld and Lechner® 
have also used this method in the synthesis 
of formononetin and daidzein. Venkata- 
raman and co-workers^® have considerably 
improved upon the earlier method by allow- 
ing the reaction to take place at 0®C. for a 
longer period. The 0-benzyl ethers of the 
ketones were used in this method and thus 
two more steps were involved, namely 
benzylation of the ketones and debenzylation 
of the fsoflavones formed. Shriner and 
Hull in their synthesis of methyl-genistein* 
and 5 , 7-dihydroxy-4'-methoxy-tsoflavone 
( biochanin A )• modified Venkataraman's 
method by eliminating the steps of benzyla- 
tion and debenzylation, and this modification 
was adopted in the present work. 

Cresorcinol and homoanisonitrile were sub- 
jected to the Hoesch reaction and the 
intermediate ketimine hydrochloride (I) was 
hydrolysed to 2, 4-dihydroxy-5-methylphenyl 
4-methoxybenzyl ketone (II), colourless pris- 
matic rods, m.p.,139®-140X. That ketone (II) 
is formed in the reaction and not 2, 6-dihy- 
droxy-3-methylphenyl 4-methoxybenzyl ke- 
tone ( which probably would have led to a 
synthesis of tatoin ) is supported by earlier 
work in the field^^ which has established 
that, in the formation of dihydroxyphenyl 
benzyl ketones by the Hoesch reaction, the 
—CO— group is in the o-p position with 
respect to the phenolic groups, which may be 
either free or substituted. Ketone (II) which 
was characterized through a crystalline oxime, 
m.p., 165X. ( decomp.), was allowed to 
react with absolute ethyl formate in presence 
of sodium dust at 0®C. The intermediate 
compoimd (HI) thus formed gave on acidi- 
fication the fsoflavone (IV), namely 6-methyl- 
formononetin, in small colourless prismatic 
rods, m.p., 260X. On demethylation with 
hydroiodic acid it jdelded 6-methyl-daidzein 

(V) in colourless needles, m.p., 329®-330®C. 
( decomp.), which gave a diacetyl derivative 
in colourless pr^atic rods, m.p,, 200X. 


The S 5 mthetic substance thus proved to be 
an isomer of tatoin. 

Vigorous acetylation of ketone (II) yielded 
7-acetoxy-4'-methoxy-2,6-dimethyh‘5oflavone 

(VI) in clusters of colourless needles, m.p., 
i97°C. Deacetylafion of (VI), with con- 
centrated sulphuric acid at 0°C., gave 7- 
hydroxy-4'-methoxy-2, 6-dimethyh‘soflavone 

(VII) in small colourless needles, m.p., 
257°-258X. 

* Cresorcinol was prepared from ^-toluidine, 
through o-nitro-/>-toluidine, o-nitro-/>-cresol 
and o-amino-/>-cresol. Homoanisonitrile was 
obtained from phenyl-acetonitrile through 
/)-nitro, />-amino and />-hydroxy derivatives. 

Experimental 

Isolation & Characterization of the Crystal- 
line Products — 5 kg. of soya beans ( in 
batches of 0*5 kg. each ) were thoroughly 
washed and soaked in water for 24 hr. and 
then allowed to germinate in enamelled 
trays in 1 in. thick layers at the room 
temperature ( 18®-25°C.). The grains were 
kept covered with moist filter paper and were 
raked carefully at regular intervals for proper 
aeration. After 96-100 hr. of germination, 
the germs attained an average length of 
1 in. and were separated by handpicking. 
During picking, the germs were kept moist by 
keeping them on wet filter paper and a total 
of 1250 gm. of the fresh germ was obtained. 

The technique of isolation employed was 
similar to that used for the chana germ. 
The fresh whole germ was dialysed four 
times with alcohol ( 5 litres ) at the room 
temperature. The first and the second 
dialysates were removed after intervals of 
5 hr. each and the other two at intervals of 
24 hr. each. The combined dialysates, on 
keeping, deposited some colourless crystalline 
matter which was identified as biochanin C. 
On removal of the solvent in vacuo , the 
concentrate deposited a solid on keeping for 
a few days. This was filtered and mixed 
with the concentrate of the ether extractive 
of the filtrate and the combined solid was 
repeatedly extracted with petroleum ether 
to remove fatty matter. The petroleum 
ether-insoluble part ( 0*4 gm.), on fractiona- 
tion through alcohol, gave 0*05 gm. of subs- 
tance B, crystallizing in colourless prismatic 
rods, m.p., 322°-323®C. (decomp.), in the less 
soluble fr?icti6ri. The more soluble fraction 
5 delded 0*2 gm. of substance A in colourless 
prismatic rods, m.p., 316®-317®C. A mixture 
of equal quantities of substances A and B 
melted at 302®-30SX. 
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boiling water bath for 2 hr. After cooling, 
the reaction mixture was poured into 
water and left overnight when the crude 
acetyl derivative separated out. For com- 
plete separation, the solution was neutral- 
ized with sodium bicarbonate and extracted 
with ether. The residue left over after the 
removal of ether was repeatedly crystallized 
from dilute alcohol when the pure acetyl 
derivative was finally obtained in colourless 
needles, m.p., 185X. (yield, 0-04 gm.). 

Found after drying to constant weight at 
100°C. in vacuo over phosphorus pentoxide, 
C, 67-8 ; H, 4*3 ; CaoHjeOg requires C, 68-2 ; 
H, 4*5 per cent. 

Hydrolysis of Substance A : Isolation of 
p’hydroxyphenylacetic Acid & Detection of 
Formic Acid — Substance A ( 0*1 gm.) was 
dissolved in a 15 per cent solution of aqueous- 
alcoholic potassium hydroxide ( 10 c.c.) 
and was refluxed on the water bath for 
5 hr. After cooling, the reaction mixture 
was diluted with water (20 c.c.) and was 
acidified with dilute phosphoric acid under 
cooling, and extracted 5 times with 
petroleum ether ( 75 c.c.). On removal of 
petroleum ether, glassy prismatic crystals of 
an acid were obtained. It was purified by 
crystallizing from benzene-petroleum ether 
mixture and melted at 147°-148°C. There 
was no depression in its melting point on 
admixture with an authentic sample of 
^-hydroxyphenylacetic acid, m.p., 148°C. 

The aqueous layer was subsequently 
steam-distilled. The distillate was acidic in 
nature and was neutralized with sodium 
carbonate, concentrated to a small volume 
on the water bath and was acidified with 
dilute hydrochloric acid (1:1). It gave 
the following test for formic acid : 

A 2 c.c. portion of the acidic solution was 
reduced with magnesium and then 2 c.c. of 
fresh milk added to it followed immediately 
by the addition of 0*5 c.c, of concentrated 
sulphuric acid along the sides of the test-tube. 
A deep-violet ring was obtained at the 
junction of the two liquids. Parallel ex- 
periments with distilled water and very 
dilute formic acid were made for comparison. 

2, ^-Dihydroxy-S-methylphenyl 4-methoxy- 
benzyl Ketone — A mixture of cresorcinol 
( M gm.), homoanisonitrile ( M gm.), 
freshly fused zinc chloride ( 0*5 gm.) and 
absolute ether ( 20 c.c.) in a 50 c.c. flask 
was saturated with dry hydrochloric acid 
gas for 4 hr. at 0°C., and kept in a refri- 
gerator for 2 days. The supernatant 
ethereal solution was decanted off and the 


yellow residue consisting mainly of the 
ketimine hydrochloride was washed twice 
with absolute ether and was hydrolysed by 
refluxing with 1 per cent sulphuric acid 
(110 c.c.) for 1 hr. The colour of the 
solution changed' during the hydrolysis 
from yellow to green, but on cooling the 
green colour disappeared and the crude 
ketone separated out as a nearly colourless 
semi-solid mass which solidified on keeping 
in a refrigerator. It was filtered and the 
aqueous filtrate was extracted with ether. 
The residue left over after the removal of 
ether was taken up with the main fraction 
of the crude ketone and repeatedly crystal- 
lized from dilute methanol when the pure 
ketone was finally obtained in colourless 
prismatic rods, m.p., 139°-140X. A further 
quantity of the ketone was obtained by 
hydrolysis of the ketimine hydrochloride 
which separated out in the decanted ether 
and ethereal washings on the addition of 
more absolute ether and keeping. Total 
yield of the ketone was 0*9 gm. 

Found after drying to constant weight at 
58X. in vacuo over phosphorus pentoxide, 
C, 70*1; H, 5*8; OCH3, 11*4; CieHie04 
requires C, 70*6 ; H, 5*8 ; OCH3 ( for one 
methoxy), 10*8 per cent. 

Oximation of 2, ^-dihydroxy-S-methylphenyl 
4-methoxybenzyl Ketone — The ketone (0*1 
gm.) was dissolved in pure methanol ( 10 c.c.) 
and finely powdered hydroxylamine hydro- 
chloride ( 0*6 gm.) was added to it followed 
immediately by freshly fused sodium acetate 
( 1 gm.). The mixture was refluxed on the 
water bath for 5 hr. at 70''-80°C., after 
which it was cooled and diluted with ice- 
cold water ( 50 c.c.) when the crude oxime 
separated out as a colourless solid. On 
repeated crystallizations from 1 : 1 aqueous 
methanol (charcoal), the pure oxime was 
obtained in colourless needles, m.p., 165°- 
166°C. (decomp.) (yield, 0*07 gm.). 

Found after drying to constant weight at 
58°C. in vacuo over phosphorus pentoxide, 
C, 66*9 ; H, 5*9 ; N, 4*9 ; Ci3Hi704N requires 
C, 66*6 ; H, 6*1 ; N, 4*7 per cent. 

6-Methyl-formononetin ( 7 -hydroxy A' -me- 
thoxy-6-methylisofiavone — To sodium dust 
( 0*3 gm.) covered with absolute ethyl 
formate (2 c.c.) and kept at 0°C., was 
added 2, 4-dihy(iroxy-5-methylphenyl 4-me- 
thoxybenzyl ketone ( 0*58 gm.) dissolved in 
absolute ethyl formate ( 12 c.c.) during 
the course of 3 hr. The contents of the 
flask were well stirred during the addition 
and for another 4 hr. after the addition 
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was complete, and allowed to remain in 
a refrigerator for 2 days. Thereafter it 
was acidified with ice-cold hydrochloric 
acid ( 6N ) and small pieces of ice were 
added at intervals during acidification. On 
removal of ethyl formate under vacuum, a 
pasty mass separated out which solidified on 
keeping for 1 day in the refrigerator. The 
crude isoflavone thus obtained was crystal- 
lized from alcohol repeatedly (charcoal), 
when the pure substance was obtained in 
small colourless prismatic rods, m.p., 260°C. 
(yield, 0*12 gm.). 

Found after drying to constant weight at 
lOOX. in vacuo over phosphorus pentoxide, 
C, 71-9 ; H, 4-8 ; requires C, 72*3 ; 

H, 5*0 per-cent. 

6-Methyl-datdzein ( 7, A' -dihydroxy-6-methyU 
isoflavone ) — 6-Methyl-formononetin ( 0*07 
gm.) was dissolved in pure phenol ( 0-2 gm.) 
and refluxed with hydroiodic acid ( 8 c.c., 
d. 1-7) for 2 hr. at 130°-140X. After 
cooling, the reaction mixture was poured 
into water ( 20 c.c.) containing sodium 
bisulphite ( 1 gm.) and left overnight. The 
crude product thus obtained was repeatedly 
crystallized from alcohol when 6-methyl- 
daidzein was finally obtained in colourless 
needles which begin to darken from 31 OX. 
onwards and melt with decomposition at 
329°-330X. ( yield, 0-04 gm.). The isoflavone 
gave a brownish colouration with ferric 
chloride in alcoholic solution. 

Found after drying to constant weight at 
lOOX. in vacuo over phosphorus pentoxide, 
C, 71-3 ; H, 4*4 ; CieHi 204 requires C, 71*6 ; 
H, 4*5 per cent. 

7, A' -Diacetoxy-6-methylisoflavone — A mix- 
ture of 6-methyl-daidzein ( 0-03 gm.) and 
freshly fused sodium acetate ( 0*1 gm.) was 
refluxed with acetic anhydride ( 1 c.c.) at 
130°-140X. for 2 hr. After cooling and 
addition of water ( 30 c.c.), the reaction 
mixture was left overnight, after which it 
was neutralized with sodium bicarbonate 
and extracted with ether. On removal of 
ether and repeated crystallization from 
alcohol, the acetyl derivative of the isoflavone 
was finally obtained in colourless prismatic 
rods, m.p., 200X. (yield, 0*03 gm.). 

Found after drying to constant weight at 
lOOX. in vacuo over phosphorus pentoxide, 
C, 67*8 ; H, 4*3 ; CaoHjeOg requires C, 68T ; 
H, 4-5 per cent. 

1-A ceioxyA^-methoxy-1, (>-dimethylisofla- 
vone — A mixture of 2, 4-dihydroxy-5-me- 
thylphenyl 4-methoxybenzyl ketone ( 0-1 
gm.), freshly fused sodium acetate ( 2 gm.) 


and acetic anhydride ( 15 c.c.) was refluxed at 
170°-180X. for 30 hr. After cooling and the 
addition of water ( 100 c.c.), the reaction 
mixture was left overnight, when a part of 
the crude isoflavone separated out and was 
collected. A second fraction of the iso- 
flavone was obtained when the filtrate was 
neutralized with sodium carbonate and 
extracted with ether. On crystallization of 
the total crude product from dilute alcohol 
( charcoal ) the pure 2-methylisoflavone 
was obtained in clusters of colourless 
needles. 

Found after drying to constant weight at 
lOOX. in vacuo over phosphorus pentoxide, 
C, 71*4 ; H, 5*6 ; CgoHigOg requires C, 71-0 ; 
H, 5‘3 per cent. 

7-HydroxyA'-niethoxy-2, 6-dimethyliso/ia- 
vone — 7-Acetoxy-4'-methoxy-2, 6-dimethyl- 
isoflavone ( 0-04 gm.) was taken in a small 
flask, cooled in a freezing mixture and was 
treated with ice-cold concentrated sulphuric 
acid ( 0*25 c.c.) drop by drop. The reaction 
mixture was stiffed with a glass rod till a 
complete solution was effected. After the 
solution was allowed to attain the room 
temperature (25X.) in the course of c. 10 min., 
crushed ice was added to it when the de- 
acetylated isnflavone separated out. It 
crystallized from alcohol in clusters of small 
colourless needles, m.p., 257''-258X. (yield, 
0 025 gm.). 

Found after drying to constant weiglit at 
lOOX. in vacuo over phosphorus pentoxide, 
C, 72*5 ; H, 5-6 ; OCH3, 10-1 ; C,8Hie04 
requires C, 72-2 ; H, 5*4 ; OCH3 ( for one 
methoxy ), 10*5 per cent. 
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T he resinous pericarp juice of the 
cashew nut was first investigated in 
1847 by Staedeler^ who reported the 
isolation from it of an acid, anarcardic 
acid, C 44 H 32 O 7 , in a yield of 90 per cent, 
and a non-acidic, vesicant principle, cardol, 
to the extent of nearly 10 per cent. Later, 
in 1887, Ruhemann and Skinner^ purified 
anacardic acid, which they considered to be 
a hydroxy carboxylic acid, and assigned to 
it its present molecular formula, CjjHjjOj. 
More recently, as a result of studies in the 
constitution of anacardic acid, Smit* arrived 
at the conclusion that it is a salicylic 
acid derivative with a straight, unsaturated 
Cj 6 side chain. On the basis of subsequent 
investigations on its reduction, decarboxyla- 
tion and oxidation, Pillay^ proposed the struc- 
ture of 0 -pentadecyl-salicylic acid (I) for 
tetrahydro-anacardic acid. This structure 
found support through synthetic studies 
of Gokhale, Patel and Shah®, and Baker 
and Hack®. 

OH 

0 COOH 

(I) 

Backer and Hack ( loc. cit.) also studied 
the vesicant principle of cashew nut shell 
liquid, cardol, and considered it to 

be allied to bhilawanol and urushiol, as it gave 
a diacetyl derivative and a tetrahydro 
derivative, which, on oxidation, yielded pal- 
mitic acid. 

From this brief review it will be seen that 
although the chemistry of cashew shell liquid 
has been studied by numerous workers over a 
long period extending back to 1847, no 
attention has been so far given to the iso- 
lation and study of any subsidiary consti- 
tuents which may be present in it. It 
was, therefore, considered of interest to 
make a systematic study of this aspect of 
its chemistry* As^a result of the present 


investigations, the following constituents 
have been isolated from the alcoholic extract 
of shells of a one-year old sample of mature 
cashew nuts : 

(1) A crystalline glucoside, kajin, Cj^HjoGg. 
IJHjO ; m.p., 174X., decomp. ; yi^d, 0-12 per 
cent on the weight of the shells. 

(2) Gallic acid (present as potassium salt) ; 
m.p., 241°C., decomp. ; yield, 0*06 per cent 
on the weight of the shells. 

(3) A petroleum ether-insoluble micro- 
crystalline product, kajidin, C 14 H 14 O 8 . HjO ; 
m.p., 185®C., decomp. ; yield, 0*56 per cent 
on the weight of the shells. 

In place of kajidin, a micro-crystalline 
substance ( m.p., 196®C., decomp. ) which has 
been provisionally named as anacardin, was 
obtained from the shells of a nearly ten-year 
old sample of cashew nuts. 

The isolation of these products was based 
on fractionation of the alcoholic extract 
through single and mixed solvents without 
the use of any chemical reagents. The 
concentrate obtained from the alcoholic 
percolates of the crushed shells, on removing 
the major portion of the solvent in vacuo, 
gave on keeping in the cold a yellowish-brown 
deposit of crude kajidin. From the super- 
natant viscid liquid, the glucoside, kajin, 
and gallic acid were obtained by partition- 
ing between petroleum ether and 80 per cent 
alcohol according to the procedure described 
in the experimental. 

The glucoside kajin, which crystallizes 
from dilute alcohol in silky needles, is very 
sparingly soluble in water, gives violet 
colouration with ferric chloride and readily 
dissolves in dilute alkali with a yellow 
colouration. The substance is recovered un- 
changed on acidification of the solution. It 
yields an acetyl derivative, Cj^H^Oi,, with 
intramolecular elimination of one molecule 
of water. The sugar component of kajin was 
identified as glucose through the mixed 
melting point determination of the osazone 
with an authentic sample of glucosazone. 
Attempts to isolate the aglucone in a crystal^ 
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line form through hydrolysis with mineral 
acids under varying conditions of acid 
concentration and duration of heating were 
not successful. Hydrolysis of kajin with 
baryta solution, however, led to the isolation 
of a crystalline aglucone, the analytical data 
of which indicate its formation with the 
addition of one molecule of water. The 
course of the hydrolysis can be represented 
as follows : 

4* 2H|0 ■ ■ -f CjHjjOg 

Kajin Kajinin Glucose 

Unlike kajin, the aglucone, provisionally 
named as kajinin, dissolves in sodium bi- 
carbonate solution with effervescence. It is 
unsaturated to bromine, does not contain 
any methoxy group, and gives a reddish- 
brown colouration with ferric chloride. It 
also yields acetyl and methyl derivatives, 
neither of which gives any colouration with 
ferric chloride. 

Gallic acid was identified through parallel 
and mixed melting point determinations of 
the acid and it^ derivatives with authentic 
samples of gallic acid and its corresponding 
derivatives. Gallic acid, in the form of its 
metallic salts or its derivatives, is known to 
occur widely in nature. From among the 
plants of Anacardiaceae family, it has been 
isolated from the seeds and blossoms of 
Mangifera indicaP, Pistacia terebinthus^, Pis- 
tacia lentisus L.®, Rhus rhodanthemaP^ , and 
Rhus coriara There is no mention in 

literature, however, regarding its presence in 
any of the lacquer-yielding plants. 

Kajidin which forms a cream-coloured, 
micro-crystalline powder, m.p., 185°C., de- 
comp., is soluble in alcohol, and insoluble in 
ether, benzene or water, is optically inactive, 
gives an inky-blue colouration with ferric 
chloride and dissolves in sodium bicarbonate 
solution with effervescence. It reduces 
Fehling solution and 5 delds an amorphous 
tetra-acetyl derivative which does not give 
any colouration with ferric chloride. On 
hydrolysis with baryta, kajidin gave gallic 
acid in a yield of 50 per cent, which would 
indicate the possibility of its being impure 
digaUic acid. It absorbed hydrogen equi- 
valent to one double bond on catalytic 
reduction with platinum black, but this may 
be due to the presence of highly unsaturated 
impurities. 

The colour reactions and solubilities of 
anacardin were similar to those of kajidin, 
but the C and H values were found to differ 
widely for the two compounds. Moreover, 


hydrogenation of anacardin gave tetra- 
hydro-anacardic acid, m.p., 88X. ( yield, 25 
per cent ). On hydrolysis with baryta 
solution, anacardin gave only 8 per cent 
gallic acid, and no reducing sugar could be 
detected among the products of its hydro- 
lysis. It would thus appear that anacardin, 
which differs from anacardic acid in being 
completely insoluble in ether, may be a loose 
molecular complex of anacardic and gallic 
acids. Further work to elucidate the exact 
nature of these compounds is in progress. 

Experimental 

Isolation — 4700 gm. of cashew shells from 
a fresh decortication of the nuts were re- 
peatedly percolated with alcohol at the 
ordinary temperature, and the combined 
extracts were concentrated in vacuo below 
50°C. The dark-brown, viscous concentrate 
was kept in the cold for a few days, and the 
supernatant liquid was decanted off from 
the semi-solid deposit, which was repeatedly 
washed with small quantities of petroleum 
ether and ether till it assumed the form of an 
amorphous, cream-coloured, granular powder 
(crude kajidin; yield, 28 gm.). The com- 
bined ether and petroleum ether washings 
were freed of the solvent and the darkish- 
brown, viscid residue was taken together 
with the alcoholic decantate ( total liquid, 
960 gm.) and partitioned between 6*5 litres 
of petroleum ether and 80 per cent alcohol. 
The combined brownish-red alcoholic solution 
(61.) was concentrated on a water bath till 
turbid and left overnight at room tempera- 
ture. The colourless cluster's of rods and 
needles of kajin, which separated out along 
with a heavy, dark-brown viscous liquid, were 
filtered under suction. The viscous deposit 
was triturated with petroleum ether and also 
filtered under suction, when most of the 
matrix went in the petroleum ether solution 
leaving a colourless crystallizate ( crude 
kajin ; yield, 5*5 gm.) which was repeatedly 
washed with petroleum ether. The petro- 
leum ether washings were added on to the 
initial alcoholic filtrate which was worked 
up for the phenolic acid as described 
later. 

Kajin, C^gHgoOg. IJHjO — Crude kajin, as 
obtained by the procedure described above, 
m.p., 164°C., decomp., was repeatedly crystal- 
lized from ethyl acetate and then from 40 per 
cent alcohol, when it finally gave pure kajin 
in the form of colourless, silky needles which 
shrink at 172°C., and melt with decom- 
position at 174°C. On drying to constant 
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weight in vacuo over phosphorus pnentoxide 
at 61 °C., it lost 6-7 per cent in weight and 
melted with decomposition at 184°C. after 
shrinking at 175®C. (CigHjoOg. 1 JHjO requires 
loss in weight on drying 6*9 per cent ). The 
dried substance showed {a)V = —69*0° in 
1 per cent alcoholic solution. 

Kajin is readily soluble in methanol, 
alcohol and acetone, fairly so in ethyl acetate 
in the hot, and insoluble in chloroform, ether, 
petroleum ether and water. It is insoluble 
in sodium bicarbonate solution, but dissolves 
in ammonia or dilute alkali with a yellow 
colouration, and is precipitated unchanged on 
acidification of the solution. With ferric 
chloride in alcoholic solution, kajin gives a 
violet colouration which changes to brown. 
It dissolves in concentrated sulphuric acid 
with a yellow colouration, and in concentra- 
ted nitric acid with a greenish-blue coloura- 
tion. Kajin does not reduce F^hling solution 
as such but readily does so aftferr hydrolysis 
with dilute mineral acids. The dried sample, 
on analysis, gave C, 58-7 ; H, 4-9 ; active 
H, 0*7 ; CiuHaoOg requires : C, 58T ; H, 
5*1 ; active H ( for 3 H ) 0-7; M.W., 392. 
C19H18O9 requires : C, 58-6 ; H, 4-6 per cent ; 
M.W., 390. 

Aceiyl-kajin, — 0*2 gm. of kajin 

with 3 c.c. of acetic anhydride and 0*6 gm. of 
fused sodium acetate were heated together 
on a water bath for 4 hr. The reaction 
mixture was diluted with cold water and 
kept aside for some time when the acetyl 
derivative precipitated out as a white, 
granular powder. It was filtered, washed 
with water and crystallized from methanol, 
when acetyl-kajin was obtained in the form 
of colourless needles melting at 122X. 

( yield, 0*2 gm.). 

Acetyl-kajin is readily soluble in ethyl 
acetate, acetone, alcohol and methanol, and 
insoluble in petroleum ether, ether and 
benzene. It does not give any colouration 
with ferric chloride and is insoluble in dilute 
alkali. After drying to constant weight at 
61 X. in vacuo over phosphorus pentoxide, 
it gave C, 59*1; H, 5-0; M.W. (Rast), 
545 ; Ca7HaeOi2 requires : C, 59*8 ; H, 4-8 per 
cent; M.W. 542. 

Hydrolysis of Kajin with Baryta Solution 

Kajinin, CiaHja05 — 0*1 gm. of kajin was 
heated on a water bath for an hour with a 
saturated solution of baryta. The reaction 
mixture was saturated with carbon dioxide 
and the precipitated barium carbonate was 
filtered and wash||^ with water. 


The combined filtrate and washings were 
acidified with dilute sulphuric acid and 
shaken out with ethyl acetate. The pale- 
yellow ethyl acetate layer was washed with 
water, dried over anhydrous sodium sulphate 
and freed of the solvent. The residue 
( 0-06 gm.) was repeatedly crystallized 
from dilute alcohol, when it finally yielded 
the pure aglucone, kajinin, in the form of 
colourless needles melting at 208X., 
decomp. 

Kajinin dissolves in dilute sodium bicar- 
bonate solution with effervescence in dilute 
alkali to a pale-yellow solution and gives a 
reddish-brown colouration with ferric chlo- 
ride in alcoholic solution. In concentrated 
sulphuric acid, it dissolves to *^an orange 
solution, and in concentrated nitric acid with 
a greenish-yellow colouration. It does not 
contain any methoxy group and is optically 
inactive in alcoholic solution. After drying 
to constant weight in vacuo over phosphorus 
pentoxide at lOOX., it gave C, 63-1 ; H, 5-1 ; 
C13H12O5 requires : C, 62*9 ; H, 4-8 ; M.W., 
248. CiaHjoOs requires : C, 63-4 ; H, 4-0 
per cent ; M.W., 246. 

Acetyl Kajinin — 0*05 gm. of kajinin, 1 
c.c. of acetic anhydride and a few drops of 
pyridine were refluxed at 135X. for 2 hr. 
After working the reaction product in the 
usual manner, the acetyl derivative was 
obtained from dilute alcohol in clusters of 
needles melting at 200X. ( yield, 0*04 gm.). 
It is soluble in methanol, alcohol, acetone 
and ether, and insoluble in petroleum ether, 
benzene and water. 

Methyl Kajinin — A mixture of 0*1 gm. 
of kajinin in 7 c.c. of dry acetone, 0*5 gm. of 
anhydrous potassium carbonate and 4 c.c. of 
methyl iodide was refluxed at 40°C. for 4 hr. 
The reaction mixture was acidified with 
dilute hydrochloric acid, freed of most of the 
acetone on a water bath and then extracted 
with ethyl acetate. The ethyl acetate solu- 
tion was washed with water, dried over 
anhydrous sodium sulphate and freed of 
the solvent. The residue, on repeated 
crystallizations from dilute alcohol, finally 
gave colourless needles melting at 178X., 
and soluble in methanol, alcohol, acetone 
and ether, and insoluble in petroleum ether 
and water. 

Sugar Component — The aqueous acidic 
layer, obtained from the bar5rta hydrolysis of 
kajin, was neutralized with barium carbonate 
and filtered. The filtrate, jon concentration 
and subsequent heating with phenylhydra- 
zine hydrochloride and sodium acetate in 
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aqueous solution, gave an osazone which 
melted at 202°C. and did not give any 
depression in the melting point on admixture 
with an authentic sample of glucosazone. 

Estimation of Glucose — 0*0691 gm. of 
kajin was hydrolysed with dilute suphuric 
acid and the reaction mixture was boiled 
with Fehling solution. The precipitated 
cuprous oxide was filtered through a Gooch 
crucible, washed and dried. Found : cuprous 
oxide, 0*0269 gm., equivalent to 47*3 per cent 
glucose; CigHgoOg requires for 1 mol. of 
glucose, 45*9 per cent. 

Gallic Acid, C7He05.2H20 — The total 
aqueous alcoholic filtrate from crude kajin 
and the petroleum ether washings were 
taken together and extracted with petroleum 
ether. The dilute alcoholic layer was eva- 
porated to dryness in vacuo. The reddish- 
brown semi-solid mass interspersed with 
crystals, which was left as residue, was 
exceedingly soluble in water, methanol and 
alcohol, and insoluble in ether, petroleum 
ether and ethyl acetate. It was digested 
with a small quantity of dilute hydrochloric 
acid and the acidic solution repeatedly 
extracted with ether. On removal of the 
solvent from the combined ethereal extracts, 
a crystalline residue was obtained which, on 
repeated crystallization from glacial acetic 
acid, finally yielded gallic acid melting at 
241°C., decomp. ( yield, 2*7 gm.) ; gallic 
acid, m.p., 241 °C. 

It dissolved in dilute bicarbonate solution 
with effervescence and gave an inky-blue 
colouration with ferric chloride. It reduced 
Fehling and ammoniacal silver nitrate solu- 
tions, gave a pink colouration with an 
aqueous solution of potassium cyanide, and 
a carmine red with ammoniacal potassium 
ferricyanide. After drying to constant 
weight in vacuo at 100°C. over phosphorus 
pentoxide, it lost 20*4 per cent in weight. 
The dried sample on analysis gave C, 49*5 ; 
H, 3*6 ; CyHgOg requires : C, 49*4 ; H, 3*5 
per cent ; M.W., 170. 

The identity of the acid with gallic acid 
was further confirmed through its decar- 
boxylation to pyrogallol and the mixed 
melting points of its acetyl and methyl 
derivatives, methyl ester and semicarbazone 
with the corresponding derivatives of gallic 
acid. 

Kajidin, Ci4Hi40g,H20 — The cream-co- 
loured, micro-crystalline powder obtained 
during the isolation of kajin, as described at 
the outset, was dissolved in a small quantity 
of alcohol and the solution was treated with 


ether and petroleum ether to precipitate the 
coloured impurities. The clarifiei solution 
was freed of the solvent, first on the water 
bath and finally in vacuo. The granular 
powder thus obtained was macerated with 
a small quantity of ice-cold water to remove 
the water-soluble impurities and then desic- 
cated in vacuo ( yield, 26*0 gm. from 4700 gm. 
of the shells). 

Kajidin, as obtained in the manner 
described above, is an optically inactive, 
cream-coloured, micro-crystalline powder, 
which melts at 185°C. with decon, position. 
It is soluble in methanol, alcohol, acetone 
and ethyl acetate, and insoluble in ether, 
petroleum ether, benzene and chloroform. 
It dissolves in ammonia or dilute alkali with 
a yellow colouration and is precipitated 
unchanged on acidification of the solution. 
It gives an inky-blue colouration with ferric 
chloride and readily reduces Fehling solution 
and ammoniacal silver nitrate. On drying to 
constant weight at 61 °C. in vacuo over 
phosphorus pentoxide, it lost 6*5 per cent 
in weight. The dried substance gave C, 54*1 ; 
H, 5*0; active H, 1*6; C14H14O8 requires : 
C, 54*2; H, 4*5; active H ( for 5 H ), 1*6 
per cent. 

The acetyl derivative prepared in the 
usual manner on drying to constant weight 
in vacuo over phosphorus pentoxide atl00®C. 
gave C, 55*6; H, 4*7; M.W. ( Rast ), 481. 
C22H22OJ2 requires : C, 55*3 ; H, 4*6 per cent ; 
M.W., 478. 

On catalytic reduction with platinum 
black, it absorbed hydrogen equivalent to 
one double bond, but no crystalline product 
could be obtained from the solution. 

Hydrolysis with Baryta Solution — 1 gm. 
of kajidin was heated for an hour with 
saturated baryta solution on a water bath. 
The reaction mixture was acidified with 
dilute hydrochloric acid and extracted with 
ethyl acetate. The ethyl acetate solution 
gave a residue which, on crystallization, 
yielded gallic acid (yield, 0*5 gm.). 

The aqueous acidic solution did not reduce 
Fehling solution and failed to give an osazone. 

Anacarditi 

4 kg. of cashew shells from nuts stored for 
nearly 10 years were extracted with alcohol, 
and the total extract was worked up in a 
similar manner as in the case of kajidin. 
The fraction corresponding to kajidin was 
obtained in the form of a light brown, 
micro-crystalline powder melting at 195°C., 
decomp. ( anacardin ). 
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Its solubility, colour reactions with ferric 
chloride and its behaviour towards alkalies 
were similar to those of kajidin. After 
drying to constant weight at 100®C. in vacuo 
over phosphorus pentoxide, it gave C, 59*0 ; 
H, 5*2 per cent. 

On reduction with platinum black, ana- 
cardin gave a colourless crystalline product 
melting at 88X. in a yield of 25 per cent. 
The identity of this product with tetra- 
hydro-anacardic acid was proved through 
its analysis and a comparison of the melting 
point and mixed melting points of the two 
products and their acetyl derivatives. 

On hydrolysis with baryta solution, ana- 
cardin yielded gallic acid in a yield of only 


8 per cent as against 50 per cent obtained 
in the case of kajidin. 
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Dry Cyclone Filters* 


S. K. DASGUPTA & MOHAN LAL KHANNA 
National Physical Laboratory, C,S,LR., Delhi 


A mong the various devices' employed 
for the filtration and separation of 
industrial dust from air, dry cyclones 
have received much attention. The 
use of cyclone collectors for collecting sand, 
sawdust, grain, sugar and similar other 
materials of sizes up to lOOfA is well known. 
'' Aerotec tubes in parallel have been em- 
ployed by Yellott and Singh* in their work on 
gas turbines for the separation of ash from 
powdered coal at high temperatures. A 
cyclone separator* has been employed in 
these laboratories for controlling the particle 
size of carbon used in the manufacture of 
carbon electrodes for dry cells. 

During the past twenty years or so, a 
considerable amount of work on the flow 
patterns and the mechanism of dust removal 
in cyclone collectors has been carried out*". 
The flow patterns of gas inside a cyclone are 
the double spiral and the double eddy. In 
the former, the flow pattern consists of an 
outer spiral moving downwards from the 
cyclone inlet and an inner spiral of smaller 
radius moving upwards into and through 
the exit pij)e. The double eddy flow pattern 


of gas inside a cyclone was noted and in- 
vestigated by Van Tongem and has been 
reported by at least one other worker'*. 
The theory of the latter type of flow has not 
yet been thoroughly worked out. 

Dry cyclones are usually considered to be 
suitable for coarse dusts only, but when 
properly designed and applied, these units 
will give efficient and economic performance 
when handling sub-sieve dust particles as 
small as 10(ji. They combine the advantages 
of high collecting efficiency, simplicity, low 
pressure drop and low initial and operating 
costs. A specially noteworthy feature is 
their fool-proof working. It was, therefore, 
felt desirable to design and to construct 
cyclone filters suitable for handling particles 
up to lOfjL in these laboratories. They are 
described in this paper. 

Experimental 

In his article on “ Centrifugal Dust Col- 
lectors Larcombe suggested a design for 
high efficiency cyclones. His curves were 
extrapolated to suit our requirements and 
utilized in the design of two cyclone filters. 


♦Paper read befoi^ the 36th Session of the Indian Science Congress, Allahabad (1949). 
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A and B. Two cyclones of group A suitable 
for 50 cu. ft. per minute air flow, and two of 
group B to handle 25 cu. ft. per minute were 
constructed. Cyclone A and its ccunpo- 
nents are diagrammatically illustrated in 
Fig. 1 . A reservoir of sufficient capacity for 
the collected dust is provided at the bottom 
of the cyclones so that it is able to function 
efficiently for 6 hr. or more at a stretch. 
To facilitate the easy removal of the accu- 
mulated dust, the sides of the reservoir are 
suitably tapered. A suitable arrangement 



for connecting a manometer across the inlet 
and outlet ducts facilitates the measurement 
of pressure drop when the cyclone is in 


service. The weights of the two cyclone 
filters are 10 lb. and 6*5 lb. respectively. 

Tests on the collecting efficiency, particle 
size retention capacity and pressure drop of 
both the filters were conducted. An electric 
blower was connected to the inlet duct of 
the cyclone. A dust sample comprising of 
particles of sizes ranging from 1 to l,0(X)|x 
was dusted at the air inlet of the blower. 
A large quantity of the dust collected in the 
filter. It was weighed to ascertain the 
collecting efficiency of the cyclone. The 
particles, which were not arrested by the 
cyclone, were collected on a fil er-paper 
baffle soaked with lubricating oil and held at 
the outlet end. The filter paper was exa- 
mined under a microscope to ascertain the 
maximum predominant particle size. Four 
tests at different rates of air flow ( adjusted 
by varying the area of the air inlet of the 
electric blower ) were carried out and the 
results obtained with cyclone A are summa- 
rized in Table I. 


TABLE I — SIZE OF DUST PARTICLES PASSING 
THROUGH CYCLONE FILTER 'A AT VARIOUS 
RATES OF AIR FLOW 

Flow, Maximum predominant particle size Mean 

cu. ft. COLLECTED ON FILTER PAPER AT DIAMETER 

per min. different positions, of particle, 

microns microns 


20 

28 

82 

28 

,30 

22 

30 

28 

30 

18 

20 

22 

25 

20 

22 

21 

40 

18 

15 

15 

12 

30 

12 

15 

50 

12 

14 

10 

12 

14 

12 

12 


Error of measurement = 2 /a. 


The efficiency of a cyclone for one particle 
size is different from that for another at any 
given throughput of air. A convenient 
method for expressing cyclone efficiency is 
to plot a curve for particle size against 
efficiency at that size. Three samples of 
dust having maximum predominant particle 
sizes of 20, 69 and 150(x were prepared. The 
outlet pipe of the cyclone filter was connected 
to the inlet end of the conical filter unit^^ 
with a standard filter paper^® clamped in 
between the two cones. The engine of the 
bench test unit was made to draw a constant 
flow of air at the rate of 50 cu. ft. per minute 
through the cyclone filter. A known weight 
of dust from each of these samples was 
dusted at a uniform rate at the inlet end of 
the cyclone filter. A major portion of it 
collected in the reservoir and was weighed. 
Dust which passed through, was collected 
on the filter ^ paper, and was examined 
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under a microscope for maximum pre- 
dominant particle size. The results of the 
various tests with filters A and B are summa- 
rized in Table II and graphically represented 
in Figs. 2, 3 and 4. 


TABLE II — COLLECTING EFFICIENCY & SIZE OF 
PARTICLES PASSING THROUGH CYCLONE 
FILTERS A & B 

Particle size Collecting Maximum predominant 

OF DUST SAMPLES, EFFICIENCY, SIZE OF PARTICLE ON 

microns % filter paper, 

microns 


B 


20 

78 

88 

0 

5 

60 

07 

08 

10 

7 

150 

06 

08 

9 

6 


Error of measurement =» 



Fig. 2 



Fig. 3 



Fig. 4 


Pressure drop for clean air at various rates 
of flow for both the cyclone filters are shown 
in Fig. 5. 



Discussion 

In evaluating the performance of a cyclone, 
the collecting efficiency and pressure drop 
are the prime factors. When handling 
industrial dust, the collecting efficiency 
alone is the problem for the designer. In 
designing cyclone filters, both the factors 
have to be taken into consideration. 

Overall efficiencies of 99 per cent have 
been recorded by various workers with 
particles above lOOfx. A study of Table II 
shows that both cyclone filters A and B 
are capable of arresting dust particles of 
sizes up to 9 and 6[a, with collecting effi- 
ciencies of 97 and 98 per cent respectively, 
when dusts having particles of sizes up to 
ISOfx are fed in. The pressure drop across 
the cyclone filters A and B is a few inches of 
water. The filters are very light to handle. 

It is known that the pressure drop across 
a cyclone is less when dust is present in the 
air stream than when the air is clean. The 
pressure drop decreases and the collecting 
efficiency increases with increase in the dust 
concentration of the air stream. Under 
normal working conditions, these filters 
will give a better performance. 

These filters have been used with ad- 
vantage in portable producer-gas filtration 
systems. 

An application for a. patent covering the 
cyclone filters described in this paper has been 
filed. 
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The authors record their thanks to Dr. 
Lai C. Verman and Messrs G. D. Joglekar 
and K. A. Nair for help and encouragement 
leceived in this investigation. 

Summary 

Two cyclone filters, one for 50 cu. ft. per 
minute and another for 25 cu. ft. per minute 
air flow and capable of handling dusts of 
particle size up to 10(x with a collecting 
efficiency of 98 per cent, have been designed 
and constructed. Low pressure drop and 
light weight are the other features of these 
filters. 
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The Scope of Dry Cyclones in Portable 
Producer-Gas Plant Filters* 

S. K. DASGUPTA & MOHAN LAL KHANNA 
National Physical Laboratory, C.S.I.R., Delhi 


D etailed studies of fibrous mate- 
rials^ and textile fabrics^ for use in 
the various stages of gas filtration of 
a mobile gas producer, as adopted in 
India, have been previously described. The 
correct packing and proper use of these 
materials inside the filter cages to prevent 
channelling of gas requires much time and 
skill on the part of the plant operator. The 
need for frequent cleaning and renewal of 
the filtering media and their susceptibility to 
charring are but two of the serious drawbacks 
encountered in practice. 

It is a normal practice to employ coir for 
the first, cotton waste in the second and 
satin drill cloth bag for the final stages 
of producer-gas filtration. In all these types 
of filters, the pressure drop that is required 
to pass a given quantity of gas through them 
is an important factor for consideration. 


During the gas plant operation, the dust 
deposited in the filters continuously raises 
the pressure drop across the filtration system, 
and the volumetric efficiency of the engine 
decreases rapidly. Secondly, as the quality 
of charcoal generally employed varies, the 
rate of increase in pressure drop is unpredict- 
able. For maximum efficiency of operation, 
it is desirable to have the least amount 
of pressure drop through the filtration 
system. 

Of the various devices^ employed for the 
filtration of industrial dust from air, dry 
cyclones and wet scrubbers appear to hold 
promise for producer-gas filtration. The 
pay load of the mobile vehicle is a major 
consideration in the selection of the filters 
and dry cyclone filters, in virtue of their 
comparative lightness, satisfy this require- 
ment admirably. 


* Paper read before the Engineering and Metallurgical Section of the 36th Indian Science Congress 
Session, Allahabad, 1949. 
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The manufacturers of Simpson and 

Victory producer-gas plants have pro- 
vided a cyclone filter in the initial stages of 
gas filtration along with the usual filters, 
probably to prolong the working hours of the 
gas plant. Preliminary tests with these 
filters showed that they are capable of re- 
moving the coarser dust particles with a 
collecting efficiency of about 70 per cent. 
A more efficient unit should obviously prove 
advantageous. In the previous communi- 
cation^, two cyclone filters, one (A) for 
50 cu. ft. per minute and the other (B) for 
25 cu. ft, per minute air flow and to handle 
dust particles of sizes up to lOfjt, have been 
described. To overcome the various diffi- 
culties experienced in the use of coarse and 
fine filtering media in the various stages of 
producer-gas filtration, the use of these 
filters suggested itself. These filters are 
fool-proof in their operation and are free 
from the many drawbacks of the filters 
commonly employed for producer-gas filtra- 
tion. 

Experimental 

Cyclone filters A and B, either alone or in 
combination, or in conjunction with the 
filters in vogue, were employed to replace 
the original cotton waste and cloth bag 
filters of a T VS. down-draught gas plant 
used in the various departmental trials®. 
The gas plant provided with the new filters 
was subjected to gas purity bench tests 
according to Indian Standard Specifications®. 
A large number of trials with various combi- 
nations of filters was undertaken to arrive 
at a simple, convenient and efficient combi- 
nation suitable for a mobile gas producer. 
A few of these combinations together with 
the relevant details and the results of bench 
tests are summarized in Table I. 

Discussion 

In evaluating the performance of a cyclone 
in a mobile gas producer, both the collecting 
efficiency and the pressure drop are of equal 
importance. As previously reported^, both 
cyclone filters A and B have shown an over- 
all collecting efficiency of 98 per cent, and are 
light in weight. They are capable of arrest- 
ing dust particles of sizes up to while 
coir and cotton waste, when packed to a 
depth of 2'" in a linear filter, are capable of 
arresting particles only up to 281 pi and 37|x. 
It has been already stated that under the 
normal working conditions of a gas plant, 
filters A and B would show an increase in the 


collecting efficiency and a decrease in the 
pressure drop. 

The results of bench tests ( Table I ), 
using combination of dry cyclone filters A 
and B in place of the usual filters of a gas 
plant, show that the gas plant is not able to 
pass the prescribed gas purity dust tests. 
These filters, even in combination with other 
filters, as adopted in tests 11, 12 and 13, are 
unsatisfactory. Their failure was due either 
to a choking of the filters thereby causing 
an increase in the pressure drop across the 
producer, or to a high pressure drop across 
the filter paper in the conical filter unit. 
On the other hand, when water was used in 
the dust-collecting reservoir provided at 
the bottom of the cyclone, the dust retention 
capacity increased considerably ( tests 8, 
9 and 10). The collecting efficiency in- 
creased further when a wetting agent, such 
as “ Terminal WA “ Calsoline H.S. oil 
etc., was used in small concentrations. This 
exceptional behaviour of the filter unit 
should be attributed to an increase in humi- 
dity inside the cyclone filter. Further, the 
tendency of dust particles to be carried 
away by the air stream, which has a tre- 
mendously high velocity inside the cyclone 
filter, is reduced to a minimum when the dust 
particles are wetted. 

It is clear from the results given in Table I 
that dry cyclone filters containing water in 
the reservoir cannot pass the prescribed gas- 
purity dust test unless they are supplemented 
by cotton waste or cloth bag filters. As 
previously stated’, this is due to the fact 
that it is difficult to remove the last traces of 
fine dust in the gas, when using charcoal as 
the fuel, by the use of dry cyclone filters 
alone. Chowdhury®, while working with 
dry cyclone filters alone, was faced with the 
same difficulty. This observation is further 
supported by the work of Bowden and 
Kennedy® on wear in producer-gas converted 
petrol vehicle engines. 

A further study of Table I shows that the 
combinations of filters, as adopted in tests 
8, 9 and 10, are satisfactory. When em- 
ploying the combination of filters as specified 
in test 8, the rate of increase in pressure drop 
across the producer during the gas-purity 
dust test was OT'" of Hg per hour. This 
system of filters when used on a road vehicle 
is expected to give satisfactory performance 
for 80 hours as compared to the other two 
combinations of filters, which can run satis- 
factorily for 8 hours only, even for best 
setting. The time required to clean the 
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TABLE I — RESULTS OP GAS-PURITY BENCH TESTS ON CYCLONE FILTERS USED IN CONJUNCTION 
WITH OTHER FILTERS IN A T.V.S. DOWN-DRAUGHT GAS PLANT 


Test 

No. 

Arrangement of filters 

Calorific 

VALUE AT 
N.T.P. PER 
CU. FT. 

B.Th.U. 

Duration 
OF dust 

TEST, 

min. 

Dust 

CONCENTRATION 

mg./cu. m. 

Pressure 

DROP ACROSS 
PRODUCER AT 
THE END OF 
DUST TEST, 

in. of Hg. 

Pressure 

DROP ACROSS 
FILTER PAPER 
AT THE END OF 
DUST TEST, 

in. of Hg. 

Remarks 

1. 

Cyclone filter A ; water filter 

89-5 

5 

155 


23-4 

Failed 

2. 

Cyclone filters A and B ; 
water filter 

116-2 

5 

102 


>10 

do 

3. 

Cyclone filter A ; water filter ; 
felt filter 

110-0 

20 

43 


>10 

do 

4(a) 

Cyclone filters A and B ; 
water filter ; cloth bag filter 

108-0 

5 

98 

2-8 

9-5 

do 

4(b) 

Do 

110-0 

10 

29-8 

10-8 

2-3 

do 

5. 

Cyclone filters A, B, B ; felt 
pad filter 

... 

10 

24 

3-2 

9-2 

do 

6. 

Cyclone filter A ; water filter ; 
cyclone B ; felt pad filter 

... 

5 

80 

2-0 

11-5 

do 

7(a) 

Cyclone fyters A, B, B ; felt 
pad filter ; cloth pad filter 

... 

15 

3-2 

10-8 

1-4 

do 

7(b) 

Do 

... 

5 

2-7 

13-8 

1-7 

do 

8(a) 

Cyclone filters A and B with 
water in reservoir, cotton 
waste in a radial filter 

77 

30 

10 

8-6 

4-1 

do 

8(b) 

Do 

98-3 

30 

1-5 

3-9 

2-0 

Passed 

8(c) 

Do 

90-6 

30 

3-7 

3-4 

2-8 

do 

9, 

Cyclone filter A with water in 
reservoir ; felt filter ; cloth 
bag filter 

100 

30 

2-3 

5-0 

2-9 

do 

10(a) 

Cyclone filter A with water in 
reservoir ; cloth bag filter 

105 

30 

3-3 

7-2 

7-5 

Failed 

10(b) 

Do 

118 

30 

2-2 

5-1 

2-85 

Passed 

11. 

Cyclone filter A ; cloth bag 
filter 


5 


3-2 

10-5 

Failed 

12. 

Cyclone filters A and B ; 
cloth bag filter 

112 

30 

24-8 

4-8 

2-8 

do 

13. 

Cyclone filter A, jute in a 
radial filter ; cloth bag filter 

94-5 

30 

27-6 

2-5 

6-1 

do 


Note — The same number is used to designate a particular combination of filters, any minor alterations in the arrangement, or 
any modification in operation such, for instance, as the use of a wetting agent is indicated by adding a suffix (a), (b) or (c) 
to designate the number. 


filtration system, adopted in test 8, is consi- 
derably reduced and one has not much to 
depend on the cleaner for the servicing 
of the filters. This combination of filters 
can be safely recommended for use with 
a portable producer-gas plant using charcoal 
as fuel. 

In conclusion it may be stated that dry 
cyclone filters A and B in combination 
and containing water in the reservoir, with 
or without the use of wetting agent, can 
replace satisfactorily the coir and cloth bag 
or coir and cotton waste filters commonly 
used in the first and second stages of pro- 
ducer-gas filtration. 

The cyclone filter described in this paper 
is coveted by an Indian Patent. 

The authors take this opportunity of 
thanking Dr. Lai C. Verman and Mr. K. A. 
Nair for their kind help and encouragement 
during the initial stages of this investigation. 
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Contact An^e of Natural Graphite 

K. K. MAJUMDAR 
Indian School of Mines, Dhanbad 


T he study of contact angles of mineral 
surfaces in the three-phase system, 
air-water-solid, has played an im- 
portant part in the development 
of froth flotation for the beneficiation of 
low grade ores. Contact angles of sulphide 
minerals have been measured by Wark^ 
and Siedler* ; they have been found to be 
zero (0) in distilled water, showing that 
the minerals are not inherently floatable. 
Eschenbach, Petersen and Popperle* have 
determined the contact angles of barytes, 
fluorspar, calcite, quartz an^ zinc blende 
in distilled water, and found that they vary 
from 50° to 70°. These specimens were 
presumably contaminated, and the values 
were accordingly unreliable^ Contact angles 
of coal have been measured by Brady 
and Gauger^, who found that the values 
vary from 20° to 54° depending upon 
the method of preparation of the coal 
surface. The study of contact angles of 
graphite appears to have attracted little 
attention. 

During our work on the beneficiation 
of natural graphite, we were faced with 
the question whether graphite is inherently 
floatable or not. It has been reported by 
Gaudin* that graphite could be floated 
only* in the presence of a frother and in the 
absence of a collector. Wark and Cox® 
have shown that the frothers commonly 
used in graphite flotation also have the 
properties of collectors. They have shown 
that the quantity of a frother, e.g, pine oil, 
necessary to float graphite in the absence 
of a recognized collector is much greater 
than when the collector is present. They 
have further shown that certain frothers 
like alcohol, acetone or cyclo-hexanol did 
not float graphite at all in neutral solution, 
although a good froth* was formed. 

It was, therefore, considered useful to 
measure the contact angle of graphite in 
the air-water-solid system. 

The contact angle of mineral surfaces 
Js manured by one of the following me- 
thods : (a) protractor measurements ; and 
(b) spheroidal segment. 


Protractor Measurements — This is employ- 
ed in the captive-bubble apparatus developed 
by Taggart, Taylor and Ince^. It consists 
in adjusting the position of a gas bubble 
in the solid-liquid-gas system until it comes 
in contact with the solid surface submerged 
in the liquid. The contact angles can be 
measured by a protractor on an enlarged 
image of the bubble. 

Spheroidal Segment — Mack® has shown 
that contact angles can be calculated from 
the dimensions of small bubbles adhering 
to a solid immersed under water. 

The spheroidal segment method was 
adopted in our work, and an apparatus 
similar to that of Brady and Gaugei^, with 
suitable modifications, was constructed. 

Apparatus — A rectangular glass cell, 
3x3x3 cm., held in a brass platform fitted 
to a stout stainless steel retort stand was 
employed. The platform could be adjusted 
to any height and kept in position by a 
tightening screw. A polished specimen of 
graphite, 2x2x2 cm,, was suspended in the 
cell by 2 gold-plated copper wire bridges. 
A pyrex capillary tube, 1 mm. bore, was 
drawn into a thread with outside dia. 
c. 0-1 mm., and bore dia. 0*02 mm., and 
the drawn end was bent at right angles. 
The capillary tube was held in position by 
the mechanical stage of a low-power micros- 
cope used for magnifying the bubbles. The 
mechanical stage was held rigidly by a 
clamp fitted to the same retort stand. 
The capillary tube was held in such a way 
that the drawn end was dipped into the cell 
and was directly under the polished surface 
of the mineral specimen. The other end 
of the capillaiy tube was connected with 
a record syringe by a rubber pressure tubing. 
The record sjringe was adapted to intro- 
duce air bubbles through the capillary tube 
and was operated by a screw fitted to the 
same stand. The bubbles which attached 
themselves to the lower surface of the 
specimen were illuminated by a suitable 
light source, and an oil-beared ground 
grass plate, interposed between t^e cell and 
the illuminator to diffuse the light* The 
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bubbles were focussed by a low-power 
microscope, with a micrometer in the eye 
piece, and the dimensions of the bubbles 
measured. 

Care was taken to prevent contamination 
of the test surface. 

Lumps of graphite, free from flaws and 
cracks, were selected from high grade 
materials of low ash content and cut by 
a saw into a parallelepiped approximately 
2x2x2 cm. The piece was rubbed in a 
sand paper to the proper shape, and one 
of the faces was polished under distilled 
water on a ground glass plate kept in a 
glass tray. The glass plate and the tray 
were previously washed with chromic acid 
to render •them grease-free, and the piece 
was held by fingers covered by rubber 
surgical gloves, also rendered grease-free. 
Fine particles, if any, adhering to the 
polished surface were eliminated by rub- 
bing against a grease-free, wet linen pad. 

The polished specimen was transferred 
to the cleaned cell containing distilled water, 
and suspended with the polished surface 
downwards from the two bridges of gold- 
plated stout copper wire. The bent end of 


the capillary tube, previously cleaned with 
chromic acid, was brought under the speci- 
men and moved across the surface hori- 
zontally by operating the mechanical stage. 
Simultaneously, bubbles were released by 
manipulating the piston of the record 
syringe. The base of the cell was lightly 
tapped to accelerate the spreading of the 
bubbles. After about 10 min., the base 
and height of the bubbles adhering to the 
under-surface of the specimen wen^ measured 
by a low-power microscope. The proce- 
dure was repeated with different specimens. 

The bubble dimensions were calculated 
in millimeters and the contact angle calcu- 
lated from the formula : 



where (f> = 180 — 0, 0 being the contact angle 
measured through water ; h = height of the 
bubble, and b = base of the bubble. 

The results are shown in Table I. 

The results with specimens of high grade 
natural graphite from Travancore and Cey- 
lon show that the contact angle varies from 
17® 49' to 25° 8', the value increasing with 


TABLE I 

45 divisions in the ocular scale = 1 mm. 


Specimen Bubble, 

No. 

Travancore graphite ( ash, 3*6% ) 1 

2 

3 

4 

5 

6 
7 

Travancore graphite ( ash, 3*0% ) 1 

2 

3 

4 
6 
6 

7 

8 

Travancore graphite ( ash, 2*94% ) 1 

2 

3 

4 

5 

e 

7 

Ceylon graphite ( ash, 1*36% ) 1 

2 

3 

4 

5 

6 

7 

8 

Ceylon graphite ( ash, 0*87%) 1 

2 

8 

4 

6 

6 

7 


Base, 

No. OF DIV. 

Height, 

No. OF DIV. 

Contact ancle 

9 

23-5 

21“ 40' 

12 

24 

28“ 24' 

6 

27 

12" 40' 

5 

2.'> 

11" 24' 

8 

23 

19“ 44' 

5 

20 

14“ 14' 

7 

24 

16“ 36' 

8 

23 

19“ 44' 

8 

25 

18° 10' 

0 

23 

22° 08' 

10 

22 

25“ 36' 

7 

15 

26" 18' 

7 

22 

18“ 24' 

6 

15 

22“ 36' 

6 

15 

22° 36' 

6 

10 

28“ 40' 

7 

17 

23° 16' 

45 

12 

21° 14' 

3-6 

9 

22" 00' 

5 

16 

17" 44' 

6 

15 

22° 36' 

6 

17 

16° 42' 

8 

15 

33“ (K)' 

6 

13 

26° 00' 

6*5 

14 

26° 08' 

4 

9 

25° 02' 

6 

11 

25“ 36' 

3*5 

11 

17° 10' 

6 

11 

25° 36' 

8 

20 

22° 36' 

8 

26 

17° 28' 

10 

23 

24° 30' 

18 

21 

46° 26' 

10 

23 

24° 30' 

18 

26 

29° 06' 

8 

23 

19" 44' 

7 

24 

16° 36' 


Mean value 


17 " 49 ' 


21 “ 66 ' 


21“ 44' 


25® 08' 


26“*28 
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the purity of the specimen. This leads 
to the conclusion that graphite is inherently 
floatable. 

The results recorded here compare favour- 
ably with those obtained by Ghosh and 
Banerjee® who employed protractor mea- 
surements. The contact angle for Ceylon 
graphite (ash, 0*3 per cent ) was found to 
be 23°. 

The author's thanks are due to Dr. 
J. C. Ghosh for suggesting the problem 
and for his interest and guidance. The 
work was carried out at the Indian Insti- 
tute of Science, Bangalore. 


Letters 


TRITERPENIC COMPOUNDS 
ISOLATED FROM EUPHORBIA 
LATICES 

Newbold and Spring^ isolated from 
the resin of Euphorbia resinifera two 
isomeric alcohols, euphol and euphorbol, 
having the molecular formula C30H50O 
and melting at 116X. and 126°127X. 
respectively. They considered euphol to 
be tetracyclic diethenoid, and Jeger and 
Krusi^ subsequently showed that a close 
relationship exists between euphol and the 
elemi-acids. Dupont and Marc Julia® isolated 
from Euphorbia balsamifera yet another 
triterpenic alcohol, m.p. 175°C., from which 
they obtained a ketone C30H48O, m.p. 186°C., 
through oxidation with chromic acid. In a 
recent publication, Macdonald, Warren and 
Williams^ have reported the isolation of 
euphol from Euphorbia tirucalli, E, triangu- 
laris Desf., and E. ingens E. Mey. They have 
further found that this alcohol contains an 
isopropylidene group not attached to a ring, 
and yields 1:2:8 trimethyl phenanthrene 
on selenium dehydrogenation. These results, 
they conclude, would place euphol in the 
elemi-acid group of triterpenes. With the 
publication of the paper by Macdonald 
e/. aL^ fi would be of interest to present a 
review in this note of the work done in this 
laboratory on the constituents of Euphorbia 
Hrucalli, ^ 
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to the Editor 


Working with samples of the dried latex of 
Euphorbia tirucalli received from South 
India and stored for some* months, Kari- 
mullah and Dutta® isolated a new crystalline 
ketone melting at 119°-120°C. which was 
subsequently assigned the formula C3QH48O 
and named as euphoron by Karimullah, 
Gopalachari and Siddiqui®*^. This ketone, 
which is the only ketonic substance so far 
isolated from Euphorbia latices, gave, on 
reduction with sodium and moist ether, two 
isomeric alcohols having the molecular formula 
C30H50O and melting at 108°-109°C. and 117°- 
118°C. respectively. These two alcohols, in 
view of their being derived from euphoron, 
were named as euphorol and tsc-euphorol. 
Euphorol was the principal reduction product 
of the ketone, while tso-euphorol was obtained 
in a poor yield and could not be studied 
in detail. Subsequent investigations® with 
samples of fresh latex led to the isolation of 
tso-euphorol as the principal constituent in 
place of the ketone, which was obtained from 
dried, stored latex and could uot be isolated 
from the fresh material. A comparison of 
^'so-euphorol and derivatives prepared from 
it with euphol of Newbold and Spring and its 
corresponding derivatives show that euphol 
and «so-euphorol are identical. 

Euphoron, in keeping with its ketonic 
nature, gives an oxime, -m.p. 194°-19S°C., a 
hydrazoncj m.p* 149°-lSpX., and a semi- 
carbazone, m.p. 178®-179°C. From its iodine 
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